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3
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Relative atomic masses: H = 1, C = 12, O = 16, Na = 23 

Avogadro’s Number = 6 x 10
23

  

A Periodic Table is included.  

 

SECTION A 

 

Answer ALL questions in this section. 

 

1. (a)  An atom consists of sub-atomic particles: protons, neutrons and electrons. Complete 

the following table, giving the number of particles and writing the species as an 

isotopic notation in the second row of the species column. 

 

 
Species 

Number of 

protons neutrons electrons 

(i) 

 

      
   2+ 

 

12   

(ii) 

 

           
4+ 

 

 

22 

 

 

26 

 

 

(2) 

 (b)  An atom has half as many protons as an atom of 
28

Si and also has six fewer neutrons 

than an atom of 
28

Si. Give the symbol, including the mass number and the atomic 

number of this atom.  

 

___________________________________________________________________________ 

________________________________________________________________________ (1) 

(Total: 3 marks) 

2. Atoms gain or lose electrons to form ions.  

(a) Give the electron configuration using the s, p and d notation for the calcium cation.  

 

________________________________________________________________________ (½) 

This question continues on next page. 
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(b) Write the symbol and charge of TWO anions which are isoelectronic with the 

calcium cation. 

 

________________________________________________________________________ (1) 

(c) Write the THREE isoelectronic ions in parts (a) and (b) in order of increasing 

nuclear charge.  

 

________________________________________________________________________ (½) 

(d) Write the following in order of increasing first ionisation energies, starting with the 

one with the lowest ionisation energy: Li, F, Na, N.     

 

________________________________________________________________________ (1) 

(Total: 3 marks) 

3. (a)  Explain the term electronegativity. 

 

___________________________________________________________________________ 

________________________________________________________________________ (1) 

 (b)  The table below gives the electronegativity values of some elements. 
 

 Fluorine Chlorine Bromine Aluminium Sodium 

Electronegativity 4.0 3.0 2.8 1.6 0.8 

 

  Explain how these values can be used to predict the bonding in: 

(i)  sodium bromide (NaBr); 

 

___________________________________________________________________________ 

________________________________________________________________________ (½) 

(ii)  aluminium chloride (AlCl3). 

 

___________________________________________________________________________ 

________________________________________________________________________ (½) 

 (c)   Complete the following sentences: 

 

(i) The bonding in sodium bromide is _____________________. (½) 

(ii) The bonding in aluminium chloride is ____________________. (½) 
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 (d)  Explain why the electronegativity value of fluorine is higher than the      

electronegativity value of chlorine. 

 

___________________________________________________________________________

___________________________________________________________________________ 

________________________________________________________________________ (1) 

(Total: 4 marks) 

4. (a)  List THREE main types of intermolecular forces, in order of their strength, starting 

with the weakest type of forces. 

 

___________________________________________________________________________ 

_______________________________________________________________________ (1½) 

 (b)  The following table shows the boiling points of some substances. 

 

 F2 CH3F HF 

Boiling point in K 85 194 293 

 

(i) Explain why the three substances in the table have different boiling points. 

 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

_______________________________________________________________________ (1½) 

(ii)  How does the strongest type of intermolecular force in liquid HF arise? 

 

___________________________________________________________________________ 

________________________________________________________________________ (1) 

(Total: 4 marks) 

 

 

 

Please turn the page. 
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5. The decomposition of ammonia into nitrogen and hydrogen was studied at 623 K. It was 

found that the equilibrium constant in terms of concentration for this reversible process 

was 0.45 mol
2
dm

-6
. 

(a) Give an equation which represents the decomposition of ammonia. 

 

________________________________________________________________________ (1) 

(b) Write an expression of Kc for this reaction. 

 

___________________________________________________________________________ 

________________________________________________________________________ (1) 

(c) In a second experiment at 623 K, some ammonia was heated for a set time and the 

composition of the mixture was found to be as follows: 

 [N2 (g)] = 0.04 moldm
-3

, [H2 (g)] = 0.03 moldm
-3

 and [NH3 (g)] = 0.02 moldm
-3

. 

Did the reaction in the second experiment reach equilibrium? Show your reasoning 

or calculation. 

 

___________________________________________________________________________

___________________________________________________________________________ 

________________________________________________________________________ (2) 

(Total: 4 marks) 

6.  (a)  The monomer 2-chloropenta-1,4-diene can give an addition polymer.                                                              

 (i) Draw the structure of 2-chloropenta-1,4-diene. 

 

 

 

 

 

 

                                         (½) 

 (ii) Explain the term addition polymer.  

 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

________________________________________________________________________ (1) 
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  (b)  In the monomer 2-chloropenta-1,4-diene, the double bond between the first carbon 

atom and the second carbon atom is used in the formation of the polymer. The 

double bond between the fourth carbon atom and the fifth carbon atom remains a 

double bond and forms part of the side-group of the polymer unit. 

 (i) Draw a section of the polymer consisting of THREE repeating units.  

 

 

 

                

 

 

 

   (2) 

 (ii) Draw a circle around ONE of the three repeating units in part (b)(i).             (½)        

(Total: 4 marks) 

7. The following graph shows the melting points of the elements in Period 3. The letters A 

to H represent different elements. 

                    

    

    

  

                                                                                                                                                                                                                                                              

                                                

 

 

 

 

 

 

(a) Name the type of bonding present in elements A and B. 

 

A: _________________________________ B: _________________________________ (1) 

(b) Suggest why the melting point in element B is higher than that of element A. 

 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

________________________________________________________________________ (2) 

 

This question continues on next page. 
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(c) Elements D and E are both covalently bonded. In terms of structure, account for the 

large difference in their melting points. 

 

___________________________________________________________________________ 

________________________________________________________________________ (1) 

(Total: 4 marks) 

8. X and Y are isomers with the formula C2H2Br2. The structures of X and Y are drawn 

below.  

 

                                     Br                  H                                     Br                   Br                   

                                       C = C                                                     C = C 

                                     H                   Br                                     H                   H 

                                               X                                                              Y 

(a) Z is another isomer of X and Y. Draw its structural formula and label it Z. 

 

 

 

 

 

 

 

 (½) 

(b) Name the compounds X, Y, and Z. 

 

X: __________________________________  Y: __________________________________   

Z: __________________________________   (1½) 

(c) What type of isomerism exists between isomers X and Y? 

 

________________________________________________________________________ (1) 

(d) What type of isomerism exists between Y and Z? 

 

________________________________________________________________________ (1) 

(Total: 4 marks) 
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SECTION B 

 

Answer ALL questions in this section. 

 

9. (a)  Which of the following three substances contains the fewest molecules? Show your 

reasoning. 

(i)  0.5 g of hydrogen (H2); (ii) 4.0 g of oxygen (O2); and (iii) 11.0 g of carbon 

dioxide (CO2). 

 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

________________________________________________________________________ (2) 

 (b)  Which one of the above contains the greatest number of atoms? Show your 

reasoning. 

 

___________________________________________________________________________ 

________________________________________________________________________ (1) 

 

 (c)  A snowflake is described as a feathery ice crystal. It is made of water. How many 

molecules of water are there in a snowflake weighing 0.5 mg? 

 

___________________________________________________________________________ 

________________________________________________________________________ (1) 

 

 (d) What is the volume occupied by 3.6 x 10
22

 molecules of water vapour at s.t.p.? 

 

___________________________________________________________________________ 

___________________________________________________________________________ 

________________________________________________________________________ (2) 

 (Total: 6 marks) 

 

 

Please turn the page. 

  



IM 06.17m 

DO NOT WRITE ABOVE THIS LINE 

 

 

Page 8 of 20 

10.  The equations below show the reactions between: 

 water and a hydrogen cation: H2O + H
+
             H3O

+
; and 

 boron trifluoride and a fluoride anion: BF3 + F
- 
            BF4

-
. 

 

(a) Draw diagrams to show the shape of: (i) H2O; (ii) BF3; (iii) H3O
+
; and (iv) BF4

-
. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    (4) 

  

(b) In terms of the electrons involved, explain how: 

(i) the bond between H2O and H
+
 is formed; 

 

___________________________________________________________________________ 

________________________________________________________________________ (1) 

 

(ii) the bond between BF3 and F
-
 is formed. 

 

___________________________________________________________________________ 

________________________________________________________________________ (1) 

 

(Total: 6 marks) 
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11.  (a)  A 0.25 g sample of sodium metal was added to 200 cm
3
 of water. The following 

reaction occurred: 

                                 Na (s) + H2O (l)              NaOH (aq) + ½H2 (g) 

(i) Calculate the number of moles of sodium taking part in the reaction. 

 

___________________________________________________________________________ 

________________________________________________________________________ (½) 

 

(ii) Calculate the molarity of the sodium hydroxide solution which was formed. 

 

___________________________________________________________________________ 

________________________________________________________________________ (1) 

 

(b) In another experiment 25 cm
3
 of 0.183 moldm

-3
 sodium hydroxide were neutralised 

by 13.7 cm
3
 of sulphuric(VI) acid. 

(i) Write a fully balanced equation for the reaction. 

 

________________________________________________________________________ (2) 

 

(ii) Calculate the molarity of the sulphuric(VI) acid. 

 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

_______________________________________________________________________ (2½) 

 (Total: 6 marks) 

 

 

 

 

 

 

 

 

Please turn the page. 
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12.  Hydrogen reacts with both chlorine and iodine. The activation energies for these 

reactions are: 

H2 (g) + Cl2 (g)              2HCl (g)  Ea = 25 kJmol
-1

 

H2 (g) + I2 (g)             2HI (g)  Ea = 157 kJmol
-1 

 

(a) Which reaction will be faster at a particular temperature? Explain your answer. 

 

___________________________________________________________________________ 

________________________________________________________________________ (2) 

 

(b) Explain the effect of an increase in pressure on the rate of the reaction for the 

reaction of hydrogen and chlorine. 

 

___________________________________________________________________________ 

________________________________________________________________________ (2) 

 

(c) Explain the effect of an increase in temperature on the rate of the reaction for the 

reaction of hydrogen and chlorine. 

 

___________________________________________________________________________ 

___________________________________________________________________________ 

________________________________________________________________________ (2) 

 

(Total: 6 marks) 

 

13.  This question is about purification techniques. 

(a) The boiling point of bromoethane is 38 
o
C and the boiling point of ethanol is 78 

o
C.  

(i) Name the process which can be used to separate the components of a mixture 

containing bromoethane and ethanol. 

 

________________________________________________________________________ (1) 

 

(ii) Explain why this process is the most suitable? 

 

________________________________________________________________________ (1) 

 

 (b) Benzoic acid is soluble in hot water and insoluble in cold water.  

(i) Name the process which is used to separate benzoic acid from a solution 

containing impurities which are soluble in cold water. 

 

________________________________________________________________________ (1) 
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(ii) Describe the purification process.  

 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

________________________________________________________________________ (3) 

 (Total: 6 marks) 

 

 

 

SECTION C 

 

Answer any TWO questions from this section. Write your answers on the lined pages of 

this booklet. 

 

14.  The values of the standard enthalpy change of combustion for methane gas, carbon solid 

and hydrogen gas are indicated in the table below. 

 

  ΔH°c (kJ mol
-1

) 

CH4 (g) -802 

C (s) -394 

H2 (g) -286 

 

(a) Define the term standard enthalpy change of combustion. Indicate clearly what is 

meant by the word standard.  (3) 

(b) Give the chemical equations that correspond to standard enthalpy change of 

combustion of methane, carbon and hydrogen; include state symbols.  (4) 

(c) Define the term standard enthalpy change of formation.  (2) 

(d) Give the chemical equation that correspond to the standard enthalpy change of 

formation of methane; include state symbols.  (2) 

(e) Use the above information to construct a Hess’ law cycle.  (5) 

(f) Thus calculate the standard heat of formation of methane.  (4) 

(Total: 20 marks) 

 

 

 

 

Please turn the page. 
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15. (a)  Hydrochloric acid is a strong acid while ethanoic acid is a weak acid. 

(i)  Distinguish between strong and weak acids.  (1)   

(ii)  Explain briefly why one can write the acid dissociation constant Ka of ethanoic 

acid, but the Ka of hydrochloric acid does not make sense.  (2)   

(iii)  Write the chemical equation that corresponds to the dissociation of ethanoic 

acid. Hence write the equation for the acid dissociation constant Ka of ethanoic 

acid, and indicate its units.  (3) 

(b) An aqueous solution of ethanoic acid actually represents an acid-base reaction. 

According to the Bronsted-Lowry theory, this reaction includes an acid, a base, a 

conjugate acid and a conjugate base. 

(i)  Define acid and base according to the Bronsted-Lowry theory.  (1)  

(ii) Write the chemical equation that represents this acid-base reaction.  (1)   

(iii)  Indicate the acid, the base, the conjugate acid and the conjugate base in this 

reaction.  (2)   

(iv) Hydrochloric acid actually reacts with ethanoic acid. Write the chemical 

equation for this reaction, and indicate the acid, the base, the conjugate acid and 

the conjugate base.  (3) 

(v)  Both hydrochloric acid and ethanoic acid are normally considered as acids, and 

usually acids react with bases and not with other acids. Explain briefly why 

these two acids actually react.  (2) 

(c)  Chemists speak of the constant Kw, the ionic product of water. 

(i) Give the equation for Kw, and indicate the units of Kw.  (2)   

(ii)  The numerical value of Kw at 25 
o
C is 1 x 10

-14
. This value is the same for a 

sample of pure water and for a sample of aqueous acid. Explain briefly.  (2) 

(iii) What can be done to change the value of Kw?  (1)   

(Total: 20 marks) 

 

 

16. Explain the following statements. Chemical equations should be given wherever 

appropriate. 

(a) The compounds of transition metals are coloured, and transition metals show 

variable oxidation states. Illustrate your answer by giving ONE suitable example in 

each case. (5) 

(b) Transition metals and their compounds show catalytic properties. This can be shown 

with MnO2 in the decomposition of hydrogen peroxide, and Raney nickel in the 

hydrogenation of unsaturated hydrocarbons. (5) 

(c) The metal-ligand bonding in coordination compounds can be described in terms of 

dative covalent (coordinate) bonding. (5) 

(d) The complex ions [Fe(H2O)6]
2+

, [Cu(NH3)4]
2+

 and [CuCl2]
-
 have different shapes. 

This can be deduced from the electron pair repulsion theory.  (5) 

(Total: 20 marks) 
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17.  (a)  (i)  The compound with molecular formula C2H6O can have two different functional 

groups. Explain, indicating the TWO homologous series.  (2) 

  (ii) The boiling points of the two compounds in part (i) are quite different. Explain 

why.  (2)  

  (iii) The compound with molecular formula C3H6O can be in two different 

homologous series. Explain.  (2) 

  (iv) The two compounds in part (iii) can be distinguished through a simple chemical 

test. Explain.  (2) 

 (b)  There are primary, secondary and tertiary alcohols. 

  (i)  Distinguish between primary, secondary and tertiary alcohols.  (3) 

  (ii) Primary, secondary and tertiary alcohols can be distinguished through oxidation.  

Explain.  (3)  

  (iii) Ethanol can be dehydrated to ethene or to ethoxyethane. Explain.  (3) 

(iv) Give the chemical reaction for the esterification reaction between ethanol and 

ethanoic acid. Give any necessary conditions for the reaction to occur.  (3) 

(Total: 20 marks) 

 

___________________________________________________________________________

___________________________________________________________________________
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___________________________________________________________________________

___________________________________________________________________________
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