Equilibria — 2021 AS

1. Nov/2021/Paper_11/No.10
The equation shows that Hu(g) and I.(g) react to form an equilibrium mixture.

Ha(g) + Ia(g) = 2HI(g) AH® = -9 6 kJ mol™

A mixture containing equal amounts of Hi(g) and Ii(g) is made at temperature T; and the
composition of the mixture is monitored. A graph of the results is shown.
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2. Nov/2021/Paper_11/No.11

The diagram shows the Boltzmann distribution of energies for a reactant gas. For a particular
reaction, the activation energy is X.
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Which change to the diagram occurs if an effective catalyst is added at the same temperature?
A More particles will possess higher values of E.
B The peak will move to the left. 0
C The peak will move to the right. q

D The value of the activation energy decreases. b

3. Nov/2021/Paper 11/N0.32 Q‘

Iron reacts with steam to produce hydrogen and an oxide

Which changes will decrease the mass of F@ent at equilibrium?

1 addition of steam at constant pre

2 increase in overall pressur

3 addition of an effectiv
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4. Nov/2021/Paper_12/No.16
Silver chloride and silver iodide form equilibria when added to water.

AgCl(s) = Ag'(aq) + Cl7(aq) K. = Ki
Agl(s) = Ag’(aqg) + I(aq) K. =K
Each equilibrium position lies well to the left.

Silver iodide will not dissolve in agueous ammonia. Silver chloride will dissolve in aqueous
ammonia. Another equilibrium is formed.

Ag'(aq) + 2NHs(aq) == Ag(NH:);"(aq) K.=K;
The position of this equilibrium lies to the right.

What is the order of magnitude for these three equilibrium constants?
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5. Nov/2021/Paper_12/No.31
Four solutions, each of concentration 0.1 moldmz

o 0 w >

shown.
solution form cid or base pH
acid 1 4
aci 0 HNO; 1
b Q CH;NH, 11
NaOH 14

S 4

L 4
Which s1atem%?11§§xpla results?

1 Acid 2 has a lower pH than acid 1 because it is more soluble.
2 Base 2 has a higher concentration of hydroxide ions in solution than base 1.

3 Acid 1 dissociates less than acid 2.

6. Nov/2021/Paper_12/No.36
Which statements about ammonium chloride are correct?

1 It reacts with hot agueous sodium hydroxide to produce an alkaline gas.
2 In solution, it reacts with aqueous silver nitrate to produce a white precipitate.

3 When solid, it reacts with concentrated sulfuric acid to produce chlorine.



7. Nov/2021/Paper_13/No.10
The equation shows that Ha(g) and I>(g) react to form an equilibrium mixture.

Ha(g) + In(9) = 2HI(g) AH® = -9.6 kJmol™

A mixture containing equal amounts of H,(g) and Iy(g) is made at temperature T; and the
composition of the mixture is monitored. A graph of the results is shown.
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8. Nov/2021/Paper_13/No.11
An element, Y, reacts according to the following sequence.
burns an excess of
in O, HCI(aq) NaOH(aq) NaOH(aq)

Y — white solid —— solution — white precipitate —— solution

What could be element Y?

A Na B Mg c Al D P



9.

10.

11.

March/2021/Paper_12/No.9
In which reaction is water behaving as a Brensted—Lowry base?

A HO + Na - NaOH + iH,

B H,0 + HPO; — HiO" + HPO,

C HO + CaO — Ca(OH)

D NHs + [Cu(M0)e”" — NH:" + [Cu(H20)s(OH)]"

March/2021/Paper_12/No.10
A large excess of marble chips is reacted with 25 cm” of 1.0 moldm™ hydrochloric acid at 40 °C.

How is the result different when the reaction is repeated with 60 cm?® of 0.5moldm™ hydrochloric
acid at 40°C?

A The reaction is faster and more of the products are made when the reaction is.complete.

B The reaction is faster and less of the products are made when the reactiohi plete.
C The reaction is slower and more of the products are made when th s complete.
D The reaction is slower and less of the products are made when tion is complete.

March/2021/Paper_12/No.31
A sample of 17.15mol HI(g) is in dynamic equilibrium wi
volume of 1m? at 764K and 141kPa.

Ha(g) + Ix(g) @)

Two equilibrium constants, K. and K, can b ed for this mixture.

ol Hy(g) and 2.84moal I(g) in a

Which statements about the equilibrium ts for this mixture are correct?
1 neither K. nor K;, has any uni 0
2 K.=456

3 K.>K,

*

Py, 5
4



12. March/2021/Paper_22/No.1
The rate of chemical reactions is affected by changes in temperature and pressure.

(a) (i) Draw a curve on the axes to show the Boltzmann distribution of energy of particles in a
sample of gaseous krypton atoms at a given temperature.

Label the curve T1 and label the axes.

A
(2]
(ii) On the diagram in (a)(i), draw a second curve to show the distributi ergies of the
krypton atoms at a higher temperature.
Label the second curve T2. ‘l\b 1
(b) The Boltzmann distribution assumes that the particles bvs an ideal gas.
(i) State two assumptions of the kinetic theory as to an ideal gas.
R (@._ ..... ..............................................................
2 e Q ...................................................................................
(2]
(i) 2.00g of krypto ), is placed in a sealed 5.00dm? container at 120°C.
23
Calcﬁ#a’ he in Pa, of Kr(g) in the container.
AssumeeKr(g) as an ideal gas.
Show your working.
PrESSUIE = ...oiieieeeeeeeieeereeaeeeeraenannnas Pa [3]



(ifi) State and explain the conditions at which krypton behaves most like an ideal gas.

(c) Krypton reacts with fluorine in the presence of ultraviolet light to make krypton difluoride,
KrF,(g).

Kr(g) + Fy(g) — KrFy(g)

activation energy for the reaction, E, = +385kJ mol-'
enthalpy change of formation of KrF,, AH, = +60.2kJ qug

() Use this information to complete the reaction profile diag

Label E, and AH, on the diagram. ‘
energy reactan 0
/kJ mol* 0

formation of KrF,.

Assume the reaction proceeds in one step.

'y

progress of reaction
2]

(ii) Explain, in terms of activation energy, E,, and the collision of particles, how an increase in
temperature affects the rate of a chemical reaction.

[Total: 14]



13.

14.

15.

June/2021/Paper_11/No.10

The diagram represents the Haber process for the manufacture of ammonia from nitrogen and
hydrogen.
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What is the purpose of the heat exchanger? bq

A to cool the incoming gas mixture to avoid overheating the catal
to cool the reaction products and separate the NHs from and H,

B
C towarm the incoming gas mixture and shift the equilibri ive more NHa
D

to warm the incoming gas mixture and speed up taE on

June/2021/Paper_12/No.10
3.60 moles of hydrogen gas and 2.00 molﬁlodine vapour are placed in a reaction vessel

which is then sealed and maintained at a temperature.
The equation for the reaction is sho Q

Hy + I, = 2HI

At equilibrium, 3.20 mole en remain. All reactants and products are gaseous.

<
What is the vﬂug’@ Ky se conditions?
*

A 0.0313 B C 0.156 D 8.00

June/2021/Paper_12/No.14
A farmer requires a solid compound to raise the pH of the soil in a field from 5.5 to above 6.0.

Which compound could the farmer use?

A (NH4)2S04 B NHsNO; C Ca(OH), D Ca(NOs),



16. June/2021/Paper_12/No.35

17.

18.

Which oxides will cause a change in pH when added to water?

1 Calo

2 AlOs

3 SiOs
June/2021/Paper_13/No.10

Nitrogen reacts with hydrogen to produce ammonia.
Na(g) + 3Ha(g) == 2NHs(g)

A mixture of 2.00mol of nitrogen, 6.00 mol of hydro%en and 2.40mol of ammonia is allowed to
reach equilibrium in a sealed vessel of volume 1 dm-. It is found that 2.32mol of nitrogen were
present in the equilibrium mixture.

Which expression will give the value of K.? 0
A (1.76) g
(2.32)(6.96)° L/
(1.76)

e O
(2.32)(8.32)° 0
<

(2.08)2
(2.32)(6.32)°

(2.40)2 o
(2.32)(6.00) 0
T et contains 30.6% carbon, 3.8% hydrogen, 20.4%

C GC3H,0CI D C4H;0.,Cl

June/2021/Paper_13/No.1

Compound X is an organic cg
oxygen and 45.2% chlorine By

What is the empirical form

A CH,OCL +@
A4



19. June/2021/Paper_23/No.2(c)
(c) Methanol is made by reacting carbon monoxide with hydrogen.

CO(g) + 2H,(g) = CH,OH(g)

Carbon monoxide and hydrogen react at 1.0 x 10"Pa and 200°C. Eventually the reaction
mixture reaches dynamic equilibrium.

The table shows the amounts of each species present in the mixture.

CO(g) Hy(g) | CH;OH(g)
initial amount/mol 1.0 2.0 0
equilibrium amount/mol 0.030 0.060 0.97

(i) Explain what is meant by dynamic equilibrium.

‘ .................................. [2]
(ii) Calculate the partial pressure of methanol vapour a um under these conditions.

Show your working. &

(ifi) Write an expressi equilibrium constant, K, for this reaction. State the units in

Yyour answer.

10



