CHEMICAL CHANGE: EQUILIBRIUM AND LE CHATELIER
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CHEMICAL CHANGE: CHEMCIAL EQUILIBRIUM

Open system A system which continuously interacts with the environment — it exchanges matter
and energy with its environment.

Closed system A system that only exchanges energy with its surroundings, but it does not exchange
matter with its surroundings.

Reversible reaction A reaction is reversible when products can be converted back to reactants.

Chemical equilibrium

Dynamic equilibrium when the rate of the forward reaction equals the rate of the
reverse reaction.

Factors that influence
the equilibrium position

Pressure (gases only), concentration and temperature.

Le Chatelier's principle

‘When the equilibrium in a closed system is disturbed, the system will re-instate a
new equilibrium by favouring the reaction that will oppose the disturbance.
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QUESTION 2

Pure hydrogel
balanced equation:

ide, sealed in a 2 dm3 container at 721 K, decomposes according to the following
2HI(g) = Ha(g) + l(g) AH = + 26 kJ-mol!

The graph below shows how reaction rate changes with time for this reversible reaction.

Reaction rate

24

25
26

21 ‘Write down the meaning of the term reversible

reaction. 1)
22 How does the concentration of the reactant change

between the 12th and the 15th minute? Write down

only INCREASES, DECREASES or NO CHANGE. (1)
23  The rates of both the forward and the reverse

reactions suddenly change at t = 15 minutes.

2.3.1 Give areason for the sudden change in

reaction rate. 1)
232 Fully explain how you arrived at the answer
5 12 15 17 20 to QUESTION 2.3.1. 3)
Time (minutes) The equilibrium constant (Kc) for the forward reaction is
0,02at721K.

At equilibrium found that 0,04 mol HI(g) is present in the container. Calculate the concentration
of Hz(g) at equilibrium. (6)
Calculate the equilibrium constant for the reverse reaction. 1)

The temperature is now increased to 800 K. How will the value of the equilibrium constant (Kc) for the
forward reaction change? Write down only INCREASES, DECREASES or REMAINS THE SAME. (1)
114]
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QUESTION 9
Hydrogen and iodine are sealed in a 2 dm3 container. The reaction is allowed to reach equilibrium at 700 K
according to the following balanced equation: Hz(g) + I2(g) = 2HI(g)

9.1 Give a reason why changes in pressure will have no effect on the equilibrium position. 1)
92 At equilibrium, 0,028 mol Hz(g) and 0,017 mol I2(g) are present in the container.

Calculate the initial mass of I2(g), in grams, that was sealed in the container, if K for the reaction is

55,3 at 700 K. (9)
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The reaction rate versus time graph below represents different changes made to the equilibrium mixture.

9.3
94
95

96

_____ Forward reaction
_____ Reverse reaction

Reaction rate

Time (minutes)
0 2 4 6 8 10 >
What do the parallel lines in the first two minutes indicate?
State TWO possible changes that could be made to the reaction conditions at t = 2 minutes.
The temperature of the equilibrium mixture was changed at t = 4 minutes.
9.5.1 Is the forward reaction EXOTHERMIC or ENDOTHERMIC? Fully explain the answer.
9.5.2  How will this change influence the K. value? Choose from INCREASES, DECREASES or
REMAINS THE SAME.
What change was made to the equilibrium mixture at t = 8 minutes?

(1)
)

3)
(1)

(1)
18]
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QUESTION 13

Dinitrogen tetraoxide, N2Oas(g), decomposes to nitrogen dioxide, NO2(qg), in a sealed syringe of volume 2 dm3.

(T TR -
"

The mixture reaches equilibrium at 325 °C according to the following balanced equation:
N20s(g) = 2NO2(g)
Colourless  brown

‘When equilibrium is reached, it is observed that the colour of the gas in the syringe is brown.
13.1  State Le Chatelier’s principle.
13.2  The syringe is now dipped into a beaker of ice water. After a while the brown colour disappears.

Is the forward reaction EXOTHERMIC or ENDOTHERMIC? Explain the answer using Le Chatelier's

principle. (3)
13.3  The volume of the syringe is now decreased while the temperature is kept constant. How will EACH

of the following be affected? Choose from: INCREASES, DECREASES or REMAINS THE SAME.

)

13.3.1 The number of moles of N204(g) 1)
13.3.2 The value of the equilibrium constant 1)
13.3.2 The rate of the forward and reverse reactions 1)

134 Initially X moles of N2Oa(g) were placed in the syringe of volume 2 dm?. When equilibrium was
reached, it was found that 20% of the N204(g) had decomposed. If the equilibrium constant, Kc, for
the reaction is 0,16 at 325 °C, calculate the value of X.

8)
[16]
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‘QUESTION 7
Hydrogen gas, Hz(g). reacts with sulphur powder, (s), according to the following balanced equation:
Hig) +S(s) = HiS(g)  AH<O
The system reaches equilibrium at 90 °C.
74 Define the term chemical equilibrium. @
72 How will EACH of the following changes affect the number of moles of H2S(g) at equillbrium?
Choose from INCREASES, DECREASES or REMAINS THE SAME.

721 The addttion of more suphur ™)
722 Anincrease in temperature
Use Le Chatelier's principle to explain the answer. )

7.3 The sketch graph alongside was obtained for the
equilibrium mixture. A catalyst is added to the
‘equilibrium mixture at time t1
Redraw the graph in your book. On the same set of
axes, complete the graph showing the effect of the
catalyst on the reaction rates. @

Initially 0,16 mol Hz(g) and excess S(s) are sealed in a
2dm® container and the system is allowed to reach
equilibrium at 90 °C.
An exact amount of Pb(NOz)2 solution is now added to the
container so that ALL the H2S(g) present in the container
at EQUILIBRIUM is converted to Pbs(s) according to the
following balanced equation:

Pb(NOs)2(aq) + HzS(g) — PDS(s) + 2HNO(aq)

The mass of the PbS precipitate is 2,39 .

74 Calculate the equiibrium constant Kc for the reaction Hz(g) + S(s) = HzS(g) at 90 °C. (9)
]

Reaction rate (mols)





