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Answer all the questions.

2NO(g) + 2H,(g) —> N,(g) + 2H,0(q)

1 Nitrogen monoxide reacts with hydrogen at 500°C as in the equation below.

experiment fmg\llg)r]n‘a /mgTd?L—s /r;?}i;lrlnr—%t:“1
1 0.10 0.20 286
o 0.10 0.50 6.5
3 0.30 0.50 58.5

A series of experiments was carried out to investigate the kinetics of this reaction, The results are
shown in the table below.

(a) In this question, one mark is available for the quality of spelling, punctuation and grammar.

(i) For each reactant, deduce the order of reaction. Show your reasoning.

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

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

Quality of Written Communication [1]

{(ify Deduce the rate equation for this reaction.

T © OCR 2007

T




3

(iii) Calculate the rate constant, k, for this reaction. State the units for k.

(b) Nitrogen monoxide, NO, is involved in formation of ozone at low levels and the breakdown of
ozone at high levels.

(i) In the lower atmosphere, NO is produced by combustion in car engines. Ozone is then
formed following the series of reactions shown below.

NO(g) + £0,(g) —> NO,(g)
NO,(g) —> NO(g) + O(g)
O,(9) + O(g) = O4(9)
e  Write the overall equation for this reaction sequence.

o Identify the catalyst and justify your answer.

..................................................................................................................................... [3]
(i) Inthe upper atmosphere, NO removes O, by the following reaction mechanism.
NO(g) + O4(g) —> NO,(g) + O,(g) slow
0O(g) + NO,(g) —> NO(g) + O,(g) fast
Suggest the rate equation for this process. Explain your reasoning.
..................................................................................................................................... [2]

[Total: 14]
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2 When heated, phosphorus pentachloride, PCL, dissociates.

PCls{g) = PCly(g) + CL(q)

A chemist placed a mixture of the three gases into a container. The initial concentration of each
gas was the same: 0.30 moldm~=. The container was left until equilibrium had been reached.

Under these conditions, K = 0.245moldm™=3,

(a) Wirite an expression for K_ for this equitibrium.

[1]

(b} Use the value of K, for this equilibrium to deduce whether the concentration of each gas
increases, decreases or stays the same as the mixture approaches equilibrium.

(i) Show your answer by placing a tick in the appropriate celis in the table below.

initial concentration greater than iess than equal to
/moldm3 0.30moldm™3 0.30moldm™3 0.30 moldm™3

PCL : 0.30
PCL 0.30
Ci, 0.30

[1]

(i) Explain your deduction.
..................................................................................................................................... 1]

(c) The chemist compressed the equilibrium mixture at constant temperature and allowed it to
reach equilibrium under these new conditions.

(i) Explain what happens to the value of K.

T
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5
(i) Explain what happened to the composition of the equilibrium mixture.

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

..................................................................................................................................... 2]
{d) The chemist heated the equilibrium mixture and the equilibrium moved to the left.
(i) Explain what happens to the value of K.
..................................................................................................................................... {1]
(i} Explain what additional information this observation reveals about the reaction.
..................................................................................................................................... 2]

{e) Phosphorus pentachloride reacts with magnésium oxide to form phosphorus(V) oxide, P,0,,,
and magnesium chloride.

() Write a balanced eguation for this reaction.

(i) Calculate the mass of PCl; needed to form 100g of P,O,, in this reaction.

MASS = erveereeuumrrerrrraeeeemeem s [4]

[Total: 14]
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3 In sewage plants, biological activity can be reduced by increasing the pH of the water. This is
achieved by adding small amounts of solid calcium hydroxide, Ca(OH),, to the sewage water.

In all parts of this question, assume that measurements have been made at 25 °C.
(a) The pH of aqueous solutions is determined by K.
K, has a value of 1.0 x 10~ mol?dm=" at 25°C.

(i) What name is given to K ?

(b) A chemist checked the concentration of aqueous calcium hydroxide, Ca(OH),, in the sewage
water by titration with 5.00 x 1073moldm~ hydrochloric acid.

Ca(OH),(aq) + 2HCXaq) —> CaCl,(aq) + 2H,0())

The chemist titrated 25.0cm3 of the sewage water with 21.35¢cm? of HCI to reach the endpoint
of the titration.

Calculate the concentration, in moldm=3, of the calcium hydroxide in the sewage water.

CONCENtrAatioN = ...ccvecieiieeceivee e moldm™ [3]

*950300908~
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