2000-2001 School Leaving Certificate Examination

Chemistry A-Level Paper II

22-02-2001

Time allowed: 3 hours

1:15 - 4:15

1.  There are TWO sections in this paper, Section A and Section B.

2.  Section A carries 60 marks and Section B carries 40 marks.

3.  Answer THREE questions from Section A and TWO questions from Section B.

4.  A Periodic table is given on the front page and some useful constants are printed on the last page of this question paper.
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SECTION A

Answer any THREE questions in this section. Each question carries 20 marks.

1.  (a) Randon(

) gas is given off naturally by some building materials. 

 is radioactive                

       but unreactive chemically.

(i)  Explain the sentence ‘

 is radioactive but unreactive chemically’.

(ii)  Comment on why 

 is considered to be a health hazard.

(iii)  Radioactive decay of 

(Radium) would give 

. A sample of 1.000 mole of 

 reduces to 0.149 mole after 10 days.

(1)  Write a nuclear equation for this reaction.

(2)  Calculate the half-life of the decay of 

.

(3)  The coatings of figures with radium compound in some watches are luminous at night, but they are harmful to our health, give a reason for this point.

                                                                   (9 marks)

   (b) (i) ‘Oxygen has two stable isotopes, 16O and 18O.’ 

         Explain what this means.

      (ii) A sample of propanone contained 75% 16O and 25% 18O. Draw a labelled mass 

         spectrum of this propanone sample. Point out the two principal lines that would be 

         obtained from singly-charged molecular ion. (Use the formula of the molecular ion to 

         label these two principal lines)

(6 marks)

(c)  The diagram below represents part of the emission spectrum of hydrogen atoms.

Colour          red                      blue     indigo   violet   7551   7790   7817

          ___________________________________________________________________________________

Spectrum

          ___________________________________________________________________________________

               4568                     6167     6907    7309          (Ultra-violet region)

Frequency _____________________________________________________________________________ 1012 Hz

          4             5             6             7             8  (not to scale)

       (i) Construct a diagram to show the energy levels of the electrons in a hydrogen atom. On 

           the same diagram, indicates the visible spectral lines (red, blue, indigo and violet).

(ii) Draw on the same diagram a set of transition corresponding to the Ultra-violet part of 

    the spectrum of atomic hydrogen.

(iii) Draw also on the same diagram an arrow to represent the transition which 

    corresponding to the ionization energy of atomic hydrogen in its lowest energy state.

(iv) Draw on the same diagram a set of transition corresponding to the Infra-red part of the 

    spectrum of atomic hydrogen.

(5 marks)
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2. (a) The diagram below shows the enthalpy changes for the formation of the hypothetical 

     compound, MgCl3 from its elements in their states.
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    Given: First ionization enthalpy of  Mg      +736   (kJ mol-1)

          Second ionization enthalpy of  Mg   +1450  (kJ mol-1)

          Third ionization enthalpy of  Mg    +7740   (kJ mol-1)

          Enthalpy of atomization of Chlorine   +121   (kJ mol-1)

          Lattice enthalpy of MgCl(s)          -771   (kJ mol-1)

          Lattice enthalpy of MgCl2(s)         -2602  (kJ mol-1)

     (i) What names are given to the enthalpy changes represented by (1) ΔH1 ;  (2) ΔH5 ?

     (ii) Calculate the values for the enthalpy changes represented by (1) ΔH2 ;  (2) ΔH4 .

     (iii) By using the data given in the diagram calculate the electron affinity of chlorine.

     (iv) Calculate the standard enthalpy of formation for MgCl , MgCl2 , and, MgCl3.

     (v) Explain why MgCl3 gives out much more lattice enthalpy than MgCl2, however, MgCl2 is 

        more stable than MgCl3.

     (vi) Explain why MgCl2 requires much more ionization enthalpy than MgCl, however, MgCl2 

        is still more stable than MgCl.

(10 marks)

   (b) Acid rain is a major cause of concern in the modern world. One important source of acid 

      rain is the sulphur in coal. When coal is burnt in power stations, sulphur dioxide is one of 

      the products. This can be removed by absorption in sodium hydroxide solution to form 

      sodium sulphite. 1.00x103 kg of coal sample formed 1.20 kg of sodium sulphite.

      (i) Give two examples of the problems caused by acid rain.

      (ii) Give the equation for the reaction between sulphur dioxide and sodium hydroxide.

      (iii) From the information given above, calculate the % of sulphur in coal.

      (iv) Suggest two industrial use of sodium sulphite.

(5 marks)
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   (c) The recycling of scrap nickel to obtain the pure metal involves the production of the gaseous

      complex, Ni(CO)4. The complex formed when carbon monoxide is passed over the heated 

      scrap. To separate the pure metal, the complex is passed over nickel pellets which are at a

      higher temperature. Carbon monoxide is recycled.

      The data in the table below relate to the carbonyl complex.

Temperature (K)
248
316
473

Complex
Melts
Boils
Decomposes

      (i) Suggest a suitable temperature for the production of Ni(CO)4.

      (ii) Suggest the minimum temperature to which the nickel pellets must be heated.

      (iii) What is the oxidation state (number) of nickel in the complex.

(3 marks)

(d) 450 cm3 of a gas G weighs 0.562g at S.T.P. Calculate the relative molecular mass of gas G.

(2 marks)

3. (a) Ethyl ethanoate undergoes the following hydrolysis in alkaline conditions:

         


     The following data were obtained from a series of experiments, conducted at constant 

     temperature:

 Initial rate of reaction

   (mol dm-3 s-1)
 [ CH3CO2CH2CH3 ]

   ( mol.dm-3 )
     [ OH- ]

   ( mol.dm-3 )

8.00 x 10-4
6.4 x 10-2
     6.4 x 10-2

8.00 x 10-4
3.2 x 10-2
12.8 x 10-2

4.00 x 10-4
1.6 x 10-2
12.8 x 10-2

(i)  Deduce the order of the reaction with respect to

    (1) CH3CO2CH2CH3 ; 

    (2) OH-
(ii)  Write down the rate equation for the alkaline hydrolysis of ethyl ethanoate.

(iii)  Calculate the value of the rate constant, including the units.

(iv)  Calculate the initial rate of reaction by mixing equal volumes of 2.0M of CH3CO2CH2CH3 with 6.0M of NaOH solutions. [Hint: You should find out the concentrations of the reactants in the mixture first.]

(8 marks)
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   (b) Some of the chemistry of Al2O3 is shown in the flow chart.
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       (i) What evidence from the chart indicates that Al2O3 is amphoteric? 

          Give equations for any reactions involved.

       (ii) Give the chemical name for Na[Al(OH)4] 

       (iii) Write the formula for salt X

       (iv) In industry, how is the reduction of Al2O3 carried out in process Y?

       (v) Anhydrous AlCl3 cannot be obtained by the reaction of Al2O3(s) with HCl(aq).

          Why does AlCl3 not exist in aqueous solution?

       (vi) AlCl3 would dimerize to form Al2Cl6 , draw the shape for these two molecules.

(8 marks)

   (c) 1 dm3 of a sample of petrol contains 12 g of an impurity M. In order to reduce the 

      concentration of M in the petrol, the oil company has discovered a secret solvent S. 

      The ‘partition coefficient’ of M between petrol and S is 0.01.

(i)  State the meaning of ‘partition coefficient’ 

(ii)  Calculate the total mass of M removed from 1 dm3 of petrol using

(1)  one portion of 100 cm3 of solvent S;

(2)  two portions of 50 cm3 of solvent.

(iii) By using the results in (ii), explain the principle of solvent extraction.

(4 marks)

4. (a) The diagram below shows an electrochemical cell connected to a digital voltmeter. An

     electromotive force of 0.83 V was recorded at 298 K
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     (i) Define the term ‘standard electrode potential’.

     (ii) Write half equations for the reaction at the anode and cathode, and give their standard

        electrode potentials.

     (iii) Write the overall equation for the reaction of this electrochemical cell.

     (iv) Write the cell diagram for the electrochemical cell, using IUPAC convention.

     (v) What would be the change in voltmeter reading if 

        (1) the concentration of HCl(aq) of the cell increased;

        (2) the concentration of NaOH(aq) of the cell increased.

        Explain your answer. 

(9 marks)

   (b) Titanium is a very useful metal. It has many uses, from component of spacecraft to 

      spectacle frames. The diagram below shows steps in the manufacture of titanium.
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     (i) In this diagram, sodium is recycled. Name another chemical that could be recycled.

     (ii) TiCl4 can be separated from impurities by fractional distillation because it is volatile.

        What does suggest about the type of bonding in TiCl4 ?

     (iii) During the distillation step, care must be taken to ensure that no water enters the

         reaction chamber. Give two reasons for keeping no water in the reaction chamber.

     (iv) Give the equation for the redox reaction between Na and TiCl4 

     (v) Give two reasons why Titanium is used in spacecraft.

   (5 marks)

   (c) For each of the following pairs of compounds, suggest a test to distinguish one compound 

      from the other: (Give chemical equations for any rections involved)

      (i) Na2CO3(s) and NaHCO3(s)

      (ii) BaCl2(s) and MgCl2(s)

      (iii) ZnSO4(aq) and MgSO4(aq) 
(6 marks)

END OF SECTION A

Chem7-II(2001)…..p.5

SECTION B

Answer any TWO questions in this section. Each question carries 20 marks.

5. (a) The characteristic odour of rotting fish is due to the presence of simple amines like 

     propane-1-amine.

     (i) Suggest reagents and conditions for the stages in the conversion of bromoethane into 

       propane-1-amine in the following route:




    (ii) Suggest with an explanation, whether propane-1-amine is more or less basic than 

       ammonia.

    (iii) Ginger contains a dibasic organic acid. When the dibasic acid reacts with propane-1amine,

        a neutral salt is formed which has the following composition by mass: 

               C, 46.1%;  H, 9.6%;  O, 30.8%;  N, 13.5%.

 Calculate the empirical formula of the salt, and suggest its molecular formula and a 

        structure for the organic acid.

    (iv) Explain why ginger is added in cooking fish.

(9 marks)

   (b) A synthetic route to the analgesic compound, D is shown below. The percentage yield for 

      each step is given below each arrow.
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     (i) Name reactant A.

     (ii) What nitrating mixture would used to react with A in step 1?

     (iii) What reagent(s) is/are required in step 2?

     (iv) Calculate the mass of analgesic which would be formed starting from 43.6g of C.

     (v) Draw the structure of the organic compound formed when C is reacted with

        (1) dilute hydrochloric acid,

        (2) sodium hydroxide solution.

(8 marks)

   (c) (i) Define the ‘iodine value’ of an oil.

      (ii) Oil and fat turn rancid and develop an ‘off’ odour after use for some time. Briefly 

         explain how this occurs.

(3 marks)
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6. (a) DDT (dichloro diphenyl trichloroethane) has the structure shown below.

[image: image7.png]



     DDT was once the main pesticide used 

     against mosquitoes and tsetse flies, but

     it is very stable and builds up in food

     chains. In human beings it has found to be

     present at 7.00x10-2 g/kg of body mass, 

     which is well in excess of the legal limit.

     (i) Calculate the relative molecular mass of DDT.

     (ii) Calculate how many moles of DDT must be present in a person of mass 60 kg to achieve 
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        7.00x10-2 g/kg of body mass.

     Many species of mosquito and tsetse fly 

     are now resistant to DDT, as they contain 

     enzymes which convert it into DDE, 

     shown on the right hand side.

     (iii) What is the type of reaction for the conversion of DDT into DDE?  Give a balanced 

         equation for this reaction.

     (iv) What is the main difference in structure between DDT and DDE?

     (v) Suggest a reason why the change of structure from DDT to DDE renders the insecticide

         ineffective. 

(6 marks)

   (b) Each of the following conversions can be completed in not more than four steps. Use 

      equations to show how you carry out each conversion in the laboratory and for each step, 

      give the reagent(s), conditions, and structures of all intermediate compounds.
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(iii) 

(9 marks)
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   (c) Catalyst are an important part of everyday-life. Catalytic convertors are fitted in the exhaust

      systems of modern cars. These cars use unleaded petrol.
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     (i) Why are the platinum and palladium catalysts coated on to small beads?

     (ii) How would the use of leaded petrol affect the catalyst?

     (iii) Give three equations for the reactions that may occur inside the catalytic convertor, 

         where, oxides of nitrogen, carbon monoxide and hydrocarbon can be eliminated.

(5 marks)

7. (a) Both aldehydes and ketones are carbonyl compounds that react with 

     2,4-dinitrophenylhydrazine by addition followed by elimination.

     (i) Draw the structural formula of 2,4-dinitrophenylhydrazine.

     (ii) Describe what is observed when a few drops of 2,4-dinitrophenylhydrazine are added

        a liquid propanal, and, give the structural formula of the product formed.

     (iii) Give the mechanism of this reaction showing the electrophilic addition and elimination.

     (iv) Butanal and butanone react separately with sodium tetrahydridoborate(III) to give 

        different products. Draw the structural formula of the product in each case.

     (v) Butanal and butanone can also be distinguished by using Tollen’s reagent. Describe how 

        would you carry out the experiment and the observable changes.

(9 marks)

   (b) Look at the following food label:


     (i) Which ingredients give rise to the special flavour of the meat?

     (ii) What is the purpose of using each of the following substances in the luncheon meat?

        (1) sodium ascorbate,

        (2) sodium nitrite, and,

     (iii) For each of the following ingredients give one reason for its use and one possible adverse

        effect from its excessive intake.

        (1) monosodium glutamate,

        (2) sodium nitrite.                                                  (5 marks)
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   (c) In an experiment, 50.0 g of 1-chlorobutane reacts with 30.0  g of sodium cyanide to give

      35.2 g of pentanenitrile.

      (i) Calculate the percentage yield of pentanenitrile.

      (ii) Outline the mechanism of the reaction. (Movement of elctron pairs should be indicated

         by curly arrows.)

(6 marks)

END OF PAPER
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Spicy Luncheon Meat


Ingredients: Pork, water, starch, milk protein, salt, spices(picante),


sodium ascorbate, sodium nitrite, monosodium glutamate
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