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Q1.Vanadium is an important metal. Ferrovanadium, an alloy of iron and vanadium, is used to 
make a strong type of vanadium-steel. Pure vanadium is used in nuclear reactors. 

(a)     The table shows some standard enthalpy of formation data. 
  

    V2O5(s) CaO(s) 

  ΔHf
θ / kJ mol−1 −1560 −635 

  
 
 

In the oldest method of extraction of vanadium, V2O5 is reacted with calcium at a 
high temperature. 

5Ca(s)   +   V2O5(s)      2V(s)   +   5CaO(s) 

Use data from the table and the equation to calculate the standard enthalpy change 
for this reaction. 

State the type of reaction that V2O5 has undergone. 

Suggest one major reason why this method of extracting vanadium is expensive, 
other than the cost of heating the reaction mixture. 

........................................................................................................................ 

........................................................................................................................ 

........................................................................................................................ 

........................................................................................................................ 

........................................................................................................................ 

........................................................................................................................ 

........................................................................................................................ 

........................................................................................................................ 

........................................................................................................................ 

........................................................................................................................ 
(5) 

 
 
 

(b)     Ferrovanadium is produced by the reaction of aluminium with a mixture of V2O5 and 
iron(III) oxide. 

Write an equation for the reaction of aluminium with iron(III) oxide. 
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State the change in oxidation state of aluminium in this reaction. 

........................................................................................................................ 

........................................................................................................................ 

........................................................................................................................ 

........................................................................................................................ 
(2) 

 
 
 

(c)     Pure vanadium, for nuclear reactors, is formed by the reaction of hydrogen with 
purified VCl2 

Write an equation for this reaction in which the only other product is HCl gas. 

Identify two hazards in this process, other than the fact that it operates at a high 
temperature. 

Deduce why this process produces pure vanadium, other than the fact that purified 
VCl2 is used. 

........................................................................................................................ 

........................................................................................................................ 

........................................................................................................................ 

........................................................................................................................ 

........................................................................................................................ 

........................................................................................................................ 

........................................................................................................................ 

........................................................................................................................ 
(4) 

(Total 11 marks) 
 
 
 
 
 

Q2.(a)     Write an equation, including state symbols, for the reaction with enthalpy change equal to 
the standard enthalpy of formation for CF4(g). 

........................................................................................................................ 
(1) 

 
 
 

(b)     Explain why CF4 has a bond angle of 109.5°. 
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........................................................................................................................ 

........................................................................................................................ 

........................................................................................................................ 

........................................................................................................................ 

........................................................................................................................ 
(2) 

 
 
 

(c)     Table 1 gives some values of standard enthalpies of formation (ΔfHϴ). 

Table 1 
  

  Substance F2(g) CF4(g) HF(g) 

  ΔfHϴ / kJ mol−1 0 −680 −269 
 

The enthalpy change for the following reaction is −2889 kJ mol−1. 

C2H6(g)  +  7F2(g)    2CF4(g)  +  6HF(g) 

Use this value and the standard enthalpies of formation in Table 1 to calculate the 
standard enthalpy of formation of C2H6(g). 

  

  

  

  

Standard enthalpy of formation of C2H6(g) = .................... kJ mol−1 

(3) 
 
 
 

(d)     Methane reacts violently with fluorine according to the following equation. 

CH4(g)  +  4F2(g)     CF4(g)  +  4HF(g)   ΔH = −1904 kJ mol−1 

Some mean bond enthalpies are given in Table 2. 

Table 2 
  

  Bond C−H C−F H−F 

  Mean bond enthalpy / kJ 412 484 562 
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mol−1 

 

A student suggested that one reason for the high reactivity of fluorine is a weak F−F 
bond. 

Is the student correct? Justify your answer with a calculation using these data. 

  

  

  

  

........................................................................................................................ 

........................................................................................................................ 
(4) 

(Total 10 marks) 
 
 
 
 
 

Q3.Antimony is a solid element that is used in industry. The method used for the extraction of 
antimony depends on the grade of the ore. 

(a)     Antimony can be extracted by reacting scrap iron with low-grade ores that contain 
antimony sulfide (Sb2S3). 

(i)      Write an equation for the reaction of iron with antimony sulfide to form 
antimony and iron(II) sulfide. 

............................................................................................................... 
(1) 

 
 
 

(ii)     Write a half-equation to show what happens to the iron atoms in this reaction. 

............................................................................................................... 
(1) 

 
 
 

(b)     In the first stage of the extraction of antimony from a high-grade ore, antimony 
sulfide is roasted in air to convert it into antimony(III) oxide (Sb2O3) and sulfur 
dioxide. 

(i)      Write an equation for this reaction. 

............................................................................................................... 
(1) 
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(ii)     Identify one substance that is manufactured directly from the sulfur dioxide 
formed in this reaction. 

............................................................................................................... 
(1) 

 
 
 

(c)     In the second stage of the extraction of antimony from a high-grade ore, 
antimony(III) oxide is reacted with carbon monoxide at high temperature. 

(i)      Use the standard enthalpies of formation in the table and the equation given 
below the table to calculate a value for the standard enthalpy change for this 
reaction. 

  
    Sb2O3(s) CO(g) Sb(I) CO2(g) 

  ΔHf  / kJ mol–1 -705 -111 +20 -394 
 

Sb2O3(s)  +  3CO(g)         2Sb(I)  +  3CO2(g) 

............................................................................................................... 

............................................................................................................... 

............................................................................................................... 

............................................................................................................... 

............................................................................................................... 
(3) 

 
 
 

(ii)     Suggest why the value for the standard enthalpy of formation of liquid 
antimony, given in the table above, is not zero. 

............................................................................................................... 

............................................................................................................... 
(1) 

 
 
 

(iii)    State the type of reaction that antimony(III) oxide has undergone in this 
reaction. 

............................................................................................................... 
(1) 
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(d)     Deduce one reason why the method of extraction of antimony from a low-grade ore, 
described in part (a), is a low-cost process. Do not include the cost of the ore. 

........................................................................................................................ 

........................................................................................................................ 
(1) 

(Total 10 marks) 
 
 
 
 
 

Q4.The alcohol 2-methylpropan-2-ol, (CH3)3COH, reacts to form esters that are used as 
flavourings by the food industry. The alcohol can be oxidised to produce carbon dioxide 
and water. 

A student carried out an experiment on a pure sample of 2-methylpropan-2-ol to 
determine its enthalpy of combustion. A sample of the alcohol was placed into a spirit 
burner and positioned under a beaker containing 50 cm3 of water. The spirit burner was 
ignited and allowed to burn for several minutes before it was extinguished. 

The results for the experiment are shown in Table 1. 

Table 1 
  

  Initial temperature of the water / °C 18.1 

  Final temperature of the water / °C 45.4 

  Initial mass of spirit burner and alcohol / g 208.80 

  Final mass of spirit burner and alcohol / g 208.58 
  
 
 

(a)     Use the results from Table 1 to calculate a value for the heat energy released from 
the combustion of this sample of 2-methylpropan-2-ol.  
The specific heat capacity of water is 4.18 J K–1 g–1.  
Show your working. 

........................................................................................................................ 

........................................................................................................................ 

........................................................................................................................ 

........................................................................................................................ 

........................................................................................................................ 
(2) 
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(b)     Calculate the amount, in moles, of 2-methylpropan-2-ol burned in the experiment.  
Hence calculate a value, in kJ mol–1, for the enthalpy of combustion of  
2-methylpropan-2-ol.  
Show your working. 

(If you were unable to calculate an answer to part (a), you should assume that the 
heat energy released was 5580 J. This is not the correct value.) 

........................................................................................................................ 

........................................................................................................................ 

........................................................................................................................ 

........................................................................................................................ 

........................................................................................................................ 
(3) 

 
 
 

(c)     An equation for the combustion of 2-methylpropan-2-ol is 

(CH3)3COH(I) + 6O2(g)   4CO2(g) + 5H2O(I) 

Table 2 contains some standard enthalpy of formation data. 

Table 2 
  

   (CH3)3COH(I) O2(g) CO2(g) H2O(I) 

  ∆Hf  / kJ mol–1 –360 0 –393 –286 
 

Use the data from Table 2 to calculate a value for the standard enthalpy of 
combustion of 2-methylpropan-2-ol. Show your working. 

........................................................................................................................ 

........................................................................................................................ 

........................................................................................................................ 

........................................................................................................................ 

........................................................................................................................ 

........................................................................................................................ 

........................................................................................................................ 
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........................................................................................................................ 
(3) 

 
 
 

(d)     An accurate value for the enthalpy of combustion of 2-methylpropan-2-ol in which 
water is formed as a gas is –2422 kJ mol–1. 

Use this value and your answer from part (b) to calculate the overall percentage 
error in the student’s experimental value for the enthalpy of combustion of 
2-methylpropan-2-ol. 

........................................................................................................................ 

........................................................................................................................ 

........................................................................................................................ 
(1) 

 
 
 

(e)     Suggest one improvement that would reduce errors due to heat loss in the 
student’s experiment. 

........................................................................................................................ 

........................................................................................................................ 

........................................................................................................................ 
(1) 

 
 
 

(f)      Suggest one other source of error in the student’s experiment. Do not include heat 
loss, apparatus error or student error. 

........................................................................................................................ 

........................................................................................................................ 

........................................................................................................................ 
(1) 

(Total 11 marks) 
 
 
 
 
 

Q5.Group 2 metals and their compounds are used commercially in a variety of processes. 

(a)     Strontium is extracted from strontium oxide (SrO) by heating a mixture of powdered 
strontium oxide and powdered aluminium. 

Consider these standard enthalpies of formation. 
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    SrO(s) Al2O3(s) 

  ΔHf
ϴ / kJ mol−1 – 590 – 1669 

 

3SrO(s) + 2Al(s)       3Sr(s)   +   Al2O3(s) 

Use these data and the equation to calculate the standard enthalpy change for this 
extraction of strontium. 

The use of powdered strontium oxide and powdered aluminium increases the 
surface area of the reactants. 
Suggest one reason why this increases the reaction rate. 

Suggest one major reason why this method of extracting strontium is expensive. 

........................................................................................................................ 

........................................................................................................................ 

........................................................................................................................ 

........................................................................................................................ 

........................................................................................................................ 

........................................................................................................................ 

........................................................................................................................ 

........................................................................................................................ 

........................................................................................................................ 

........................................................................................................................ 

........................................................................................................................ 

........................................................................................................................ 
(5) 

 
 
 

(b)     Explain why calcium has a higher melting point than strontium. 

........................................................................................................................ 

........................................................................................................................ 

........................................................................................................................ 

........................................................................................................................ 

........................................................................................................................ 
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........................................................................................................................ 

........................................................................................................................ 
(2) 

 
 
 

(c)     Magnesium is used in fireworks. It reacts rapidly with oxygen, burning with a bright 
white light. Magnesium reacts slowly with cold water. 

Write an equation for the reaction of magnesium with oxygen. 

Write an equation for the reaction of magnesium with cold water. 

Give a medical use for the magnesium compound formed in the reaction of 
magnesium with cold water. 

........................................................................................................................ 

........................................................................................................................ 

........................................................................................................................ 

........................................................................................................................ 

........................................................................................................................ 

........................................................................................................................ 

........................................................................................................................ 

........................................................................................................................ 
(3) 

(Total 10 marks) 
 
 
 
 




