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1

In the Haber process nitrogen gas, N, reacts with hydrogen gas.

Ammonia, NH,, is made. The reaction is a reversible reaction.

(@)
(b)

()

(i)
(i)

Write the balanced symbol equation for the reaction. Y [2]
N +3H, 27Nt
The conditions used to make ammonia in the Haber process are:

* a pressure of 200 atmospheres
 a temperature of 450 °C.

The reaction is an exothermic reaction.
A company making ammonia increases the temperature used to 550°C.
What happens to the rate of the reaction when the temperature is increased? [1]

Mcreases

The company thinks that the increase in temperature will increase the yield of
ammonia.

Is the company correct? Explain your answer. [2]

No, If you IncreGise the tempera ture, the equilibrivm
Wil move to the left, which 1S the Cooler side

Qas

% oIc on exotermic wachon.

So, 1ess producks and more rockonts ol made .

The company wants to reduce the cost of making the ammonia.
They decide to reduce the pressure used to 150 atmospheres.

Write about two disadvantages of using a lower pressure to make ammonia.
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(d) Ammonia is used to make fertilisers such as ammonium sulfate.
A student makes some ammonium sulfate crystals in a laboratory.

She uses a titration method, as shown in the diagram.

; __— Dilute sulfuric acid

Q

/ Ammonia solution and indicator

- 1

She adds an indicator to ammonia solution in a conical flask. She then adds
dilute sulfuric acid from a burette until the indicator changes colour.

The student then crystallises the solution. She is left with impure ammonium
sulfate crystals.

(i) What should the student have done to obtain pure ammonium sulfate crystals? [2]

ot the tibrahon again, fo ¢imd a Mmo'e acvrate
volume of sulpuric needed fo neutralise the ammonig.

{his enswes no excess actd is in e final solution.

(ii) In industry the same reaction is used to make ammonium sulfate.
The method used is different.

Give one reason why the laboratory method to make ammonium sulfate is not
used in industry. [1]
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