F.7 Chemistry Test 4

Inorganic Chemistry (Section 8 – 11)

1. (a) For each of the following pairs of compounds, suggest a chemical test to distinguish one

     compound from the other:

(i)  KCl(s) and CaCl2(s).

(ii)  Na2SO3(s) and Na2SO4(s)

(iii)  NaCl(aq) and NaNO3(aq)

(iv)  SO2(g) and CO2(g)

(v)  CuCl2(aq:0.01M) and FeCl2(aq:0.01M)

(vi)  NaBr(aq) and NaI(aq)

(b)  Briefly explain why magnesium sulphate(VI) is soluble in water, whereas barium sulphate(VI)is almost insoluble.

(14 marks)

2. (a) The first electron affinities of chlorine and bromine are -364 kJ.mol-1 and -295 kJ.mol -1 

     respectively.

(i)  What is the meaning of ‘electron affinity’?

(ii)  Explain why the first electron affinity of chlorine is more negative than that of bromine.

(iii)  Explain why the first electron affinity of oxygen is negative while its second electron affinity is positive.

  (b) What are the highest and lowest oxidation states of bromine?

     Give one compound in which bromine is in its highest oxidation state and another compound 

     in which bromine is in its lowest oxidation state.

(8 marks)

3.  Hydrogen chloride can be prepared by the action of concentrated sulphuric(VI) acid on potassium chloride.

(a)  Write a balanced equation for the reaction of concentrated sulphuric(VI) acid and potassium chloride.

(b)  Briefly describe how a sample of dry hydrogen chloride can be prepared in the laboratory, using the above reaction.

    Draw a labelled diagram of the laboratory set-up and state the safety precaution(s) that 

    is/are required.

(c)  Briefly explain why hydrogen bromide cannot be prepared by the action of concentrated sulphuric(VI) acid on potassium bromide. 

   Write a balanced equation to represent the reaction that occurs.

(d)  Suggest how a sample of hydrogen bromide can be prepared in the laboratory.

(10 marks)
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4.  (a) Using the ‘electrons-in-boxes’ representation, write the ground state electronic structure

      outside the argon core for V2+ , Cu2+ and Cu+ respectively. 

.   (b) What do you understand by the following terms?

(i)  complex ion

(ii)  stability constant

In each case, illustrate your answer with an example involving copper(II).

.   (c) State three characteristic properties of d-block elements, apart from complex ion formation.

      In each case, illustrate your answer with an example involving copper or vanadium.

(d)  You are provided with the following standard reduction potentials:

                                        


       Cu2+ (aq) + e ===  Cu+ (aq)           +0.15

       Cu2+(aq) + 2e ===  Cu(s)             +0.34 

       Cu+ (aq) + e   ===  Cu(s)  .         +0.52

       I2(s) + 2e ===  2I-(aq)               +0.54

       Cu2+(aq) + I- (aq) + e ===  CuI(s)      +0.92

       Using the above information,

(i)  Explain why copper(I) compounds are unstable in aqueous solutions; and

(ii)  predict what will be observed when a potassium iodide solution is added to copper(II) sulphate(VI) solution? Explain your prediction and write a balanced equation for the reaction involved.

(e)  In acidic conditions, 

 can be reduced by sulphur dioxide to give

.

Describe the observable change and write a balanced equation for the reaction.

(14 marks)

5.  (a) Suggest how the following gases can be prepared in the laboratory. In each case, state the 

      reactants used, the reaction conditions and method of collection. Write balanced equations 

      for the reactions involved.

(i)  dinitrogen oxide (N2O)

(ii)  sulphur dioxide (SO2)

(iii)  nitrogen monoxide (NO)

      (iv) ammonia (NH3)

(b)  The reaction of chlorine with excess ammonia in the gas phase to give ammonium chloride 

and nitrogen involves several steps.

(i)  Write balanced equation for the overall reaction.

(ii)  Briefly explain how ammonia acts as a reducing agent and as a base in the reaction.

(15 marks)

6. (a) State the conditions for the conversion of sulphur(IV) oxide to sulphur(VI) oxide in the 

     Contact process.

  (b) Briefly describe how sulphur(VI) oxide can be converted to sulphuric(VI) acid in this process. 

(6 marks)
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7.  This question concerns the s-block elements and their compounds

    (a) State the trend in the solubilities of the hydroxides of group 2 elements with increasing 

       atomic number and give a reason for the trend.

    (b) Describe what you would observe if samples of potassium nitrate and magnesium nitrate 

       were heated separately in a test tube. Give equations for the chemical reactions involved.

    (c) Suggest a reason why 

       (i)  lithium forms a hydrated chloride (LiCl.H2O) but the other alkali metals in group 1 of 

           the Periodic Table form only anhydrous chloride.

       (ii)  anhydrous magnesium carbonate decomposes when heated to 350oC but anhydrous 

           sodium carbonate only melts (without decomposition) when heated to 850 oC 

    (d) Explain with the help of suitable equations, why 

       (i)  aqueous sodium carbonate is strongly alkaline;

       (ii) the aqueous hydrogencarbonate ion concentration increases when rain water passes

          through limestone.

(12 marks)

8. (a) The first-row d-block elements in the Periodic Table are shown below:

Sc
Ti
V
Cr
Mn
Fe
Co
Ni
Cu
Zn

     (i)  Write the general electronic configuration, in terms of s, p, d electrons for zinc and 

         scandium, and give reasons why they are not a typical transition metal.

     (ii)  Write also the electronic configuration for chromium atom, and state the number of 

         unpaired electrons in each atom/

    (iii)  State four other general characteristic properties of transition metals.

   (b) Compounds such as potassium dichromate(VI) in which the transition element has a high 

      oxidation state tend to be strong oxidizing agents.

      (i)  Write an ion/electron half equation for the reduction of dichromate(VI) ion in acidic 

          aqueous solution.

      (ii)  Write a balanced ionic equation for the oxidation of iron(II) ions by dichromate(VI)

          ions in acidic aqueous solution.

   (c) 30 cm3 of aqueous potassium dichromate(VI) of concentration 0.02 M are required to 

      oxidize 25 cm3 of acidified aqueous iron(II) sulphate. Calculate the concentration of the 

      iron(II) sulphate solution.

(13 marks)

9. Draw the structures of all isomers (if any) of the following complex and give the systematic

  name for each of them.

  (a) [PtCl2(NH3)2]                    (c) [CoCl2(NH3)4]Cl

  (b) [PtCl2(NH3)2]Cl                  (d) [CoCl3(NH3)3]                      (8 marks)
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