








7 Sodium azide (NaN3) is a stable compound at room temperature but decomposes when
heated to 300 °C. The equation for the decomposition is:

2NaNs(s) — 2Na(l) + 3Ny(g)

Sodium azide is used to produce nitrogen gas to inflate car airbags.

If a car is involved in a collision, the sodium azide decomposes.

The nitrogen gas is produced very rapidly and the airbag inflates almost immediately.

(a) (i) A fully-inflated airbag has a total volume of 108 dm’.
Calculate the amount of nitrogen, in moles, in a fully-inflated airbag.

[You should assume that the volume of one mole of nitrogen inside the airbag is
24 dm’]

Amount of nitrogen = ... mol

P 3 8 7 3 2 A 01 4 2 0



(i) Use your answer to (a)(i) to calculate the mass, in grams, of sodium azide
required to produce 108 dm? of nitrogen.

Mass of sodium azide required = ... g

(b) The airbag also contains potassium nitrate. This reacts with sodium formed in the
decomposition of sodium azide. The equation for the reaction is:

10Na(l) + 2KNOs(s) — K,O(s) + 5Na,0(s) + Na(g)

(1) Suggest one reason why the makers of the airbag might want this reaction to
occur.

(i) The airbag also contains silicon dioxide (SiO,) which reacts with the oxides
produced in the reaction above. This forms a glassy solid which seals all the
products into the airbag.

The glassy solid contains potassium silicate (K;SiO3).

Construct an equation for the formation of potassium silicate from potassium
oxide. Include state symbols.
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(c) Another use of sodium azide is to make lead(II) azide, which can be used as a
detonator for explosives. Lead(Il) azide has the formula of Pb(Nj3),

Lead(II) azide can be made by the following reaction:

Pb(NOs)x(aq) + 2NaNj(aq) — Pb(N3)x(s) + 2NaNOs(aq)

(1) What name is given to this type of reaction?

(i1)) What method would you use to remove the lead(I) azide from the final reaction
mixture?

(1)

(Total for Question 7 = 9 marks)
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8 The following verse is about water (H,0O) and dilute sulfuric acid (H,SOy).
Johnny was a chemist’s son
But Johnny is no more
What Johnny thought was H,O
Was H,SO,

(a) Johnny looked at a beaker containing sulfuric acid and thought that it was water. He
then drank the liquid.

Suggest why it is possible to mistake sulfuric acid for water.

(b) Anhydrous copper(II) sulfate changes from white to blue when added to dilute
sulfuric acid. Suggest why.

(c) Sulfuric acid is manufactured by the contact process.
One stage of this process involves the reaction of sulfur dioxide with oxygen.
2SOz+ 02 = 2SO3

State the conditions used in this stage of the process.

Pressure (in atmospheres)
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(d) 10.0 cm® of a concentrated solution of sulfuric acid was carefully diluted with water.

More water was then added until the final volume of the solution was 1.00 dm?
(1000 cm?).

In an experiment, a student found that 25.0 cm?® of the diluted sulfuric acid reacted
with 30.00 cm® of sodium hydroxide solution.

The concentration of the sodium hydroxide solution was 0.200 mol/dm°.
The equation for the reaction is:

2NaOH + H,SO, — Na,SO4 + 2H,0

(i) Calculate the amount, in moles, of sodium hydroxide in 30.00 cm?® of a solution
of concentration 0.200 mol/dm?>.

Amount of sodium hydroxide = ... mol

(i) Using your answer to (d)(i), calculate the amount, in moles, of sulfuric acid in
25.0 cm® of the diluted acid.

Amount of sulfuric acid in 25.0 cm®*= . mol
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(iii) Using your answer to (d)(ii), calculate the concentration, in mol/dm?, of the
diluted sulfuric acid.

(2)
Concentration of the diluted sulfuric acid= ... mol/dm’?
(iv) Using your answer to (d)(iii), calculate the concentration, in mol/dm?, of the
original, concentrated sulfuric acid.
1)
Concentration of the original, concentrated acid = ... mol/dm?

(Total for Question 8 = 11 marks)

(TOTAL FOR PAPER = 60 MARKS)
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