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1. Name an element that has a half-filled set of p-orbitals.

[1] 

(Total 1) 

2. Sketch the shape of one p-orbital.

[1] 

(Total 1) 

3.
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4.
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(a) Explain why boron forms compounds with the +3 oxidation state alone, but thallium compounds
are more stable with the +1 oxidation state (lines 6-9).

[2] 

(b) Boranes are compounds made up of boron and hydrogen only (lines 11-16) . A sample of a
gaseous borane was found to contain 78.14 % boron and 21.86 % hydrogen by mass. A sample of
this borane of mass 1.232 g occupied a volume of 1 dm3 at 273 K and 1 atm pressure.

[The molar volume of a gas at 273 K and 1 atm pressure is 22.4 dm³.] 

(i) What is the empirical formula of this borane?

[2] 

Empirical formula .......................................................................... 

(ii) What is the molecular formula of this borane?

[3] 

Molecular formula .......................................................................... 
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(c) Explain the term electron deficient (line 17).

[1] 

(f) Hexagonal boron nitride and graphite have similar structures (lines 24-26). Describe the
differences between these two isoelectronic materials in terms of their bonding and structure.

[3] QWC [1]

(g) Boron-10 absorbs a neutron (line 33) to form an intermediate, which then decays by emission of
an alpha particle.

Give the mass number and atomic number of the final product. 

[1] 

Mass number................................................................................... 

Atomic number................................................................................. 

(Total 15) 
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5. 

(i) State the role of lead(IV) oxide in the reaction with concentrated hydrochloric acid.

[1] 

(ii) Name white solid A and gas B.

[2] 

(iii) Give the formula of the lead-containing species present in colourless solution D .

[1] 

(iv) Give the colour of precipitate E.

[1]
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(v) Write the equation for the formation of lead(II) nitrate from lead(II) oxide.

[1] 

(b) Carbon is the first element in Group 4. Two of its allotropes are diamond and graphite. A
compound that forms structures corresponding to diamond and graphite is boron nitride.

(i) Describe the structure of graphite and explain why hexagonal boron nitride can adopt the same
structure yet have different electrical conductivity properties.

[4] QWC [1]

(ii) State one use for the cubic boron nitride structure.

[1]
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(i) Calculate the minimum temperature needed to cause grey tin to change to white tin.

[3] 

(ii) During Napoleon's disastrous campaign in Russia from June to December in 1812 the tin buttons
on his infantry's uniforms disintegrated. Suggest a reason why this might have happened.

[1] 

(d)An important technological development in recent years has been the hydrogen fuel cell. This
uses electrochemical methods to get energy from hydrogen.

(i) Write the half-equations for the processes occurring at the electrodes and an equation for the
overall reaction.

[3] 

(ii) Give one disadvantage of using hydrogen fuel cells to power vehicles.

[1] 

(Total 20) 
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6. This question is about atomic structure.

(a) Give the full electronic configuration of a nitrogen atom and use this to describe the way in which
electrons are arranged in atoms.

[4] QWC [1]

(b) Describe the main features of the atomic emission spectrum of hydrogen in the visible region.
Explain how these features arise and how their interpretation provides evidence for energy levels in
the atom.

[6]
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(c)(i) Hydrogen has a first ionisation energy of 1312 kJ mol−¹.Explain why helium has a higher first 
ionisation energy than hydrogen 

[2] 

(ii) Beryllium and magnesium are both in Group 2 of the Periodic Table.Explain why beryllium has a
higher first ionisation energy than magnesium

[2] 

(iii) The table below gives the first three ionisation energies for boron and potassium.

(I) Suggest why compounds containing B³+ ions are unlikely to exist.

[1] 

(II) Write an equation to represent the second ionisation energy of potassium

[1] 

(III) State how the first three ionisation energies of calcium would differ from those of potassium.

[2] 

(Total 19) 
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7.
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(Total 14) 
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