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9 Many household smoke alarms contain a sample of the radioactive isotope americium-241 (Am). 

 (a) Americium-241 is the isotope of the element americium that has the nucleon number (mass 
number) 241.

  (i) State how the composition of a nucleus of americium-241 differs from that of a nucleus 
of americium-242.

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

 .....................................................................................................................................  [1]

  (ii) An atom of a different element has a nucleon number of 241.

   State two differences between the composition of a nucleus of this atom and a nucleus 
of americium-241.

1  ........................................................................................................................................

2  ........................................................................................................................................
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 (b) Americium-241 decays to an isotope of neptunium (Np) by alpha-particle (α-particle) emission.

  (i) Complete the equation for this decay.

241
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.....α [3]

  (ii) One reason for using an isotope that emits α-particles in a smoke detector is that 
α-particles are more strongly ionising than beta-particles (β-particles).

   Explain why α-particles are more strongly ionising than β-particles.

 ...........................................................................................................................................
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  (iii) The isotope of neptunium produced by americium-241 is also radioactive. 

   The decay of this isotope of neptunium produces an isotope of protactinium which 
decays by β-emission. β-particles are more penetrating than α-particles.

   The half-life of neptunium is longer than two million years.

   Using this information, explain the advantage of this long half-life for the use and safe 
disposal of a household smoke alarm.

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