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The correct answeris Bbecause:

« Thenumerator(top part) inthe K. equationisraisedto the power of 4,
The denominator is raised to the power of 2

_ [H@P [C,H, )
T [CHy@P
[mol dm~3° [mol dm ™3]

£
[mol dm ]
e Maths tip: whenyou are dividing indices you simply minus them
s 4-2=2 therefore the numerator units becomes (mol dm—=)2 = mol?
dm™®

s Unitof K.=

A,C & D areincorrect as none of these units fit with the correct
expression of K-

The correct answeris B because:

e Asthe forwardreaction is endothermic (as the sign of is positive) an
increase intemperaturewould shift the position of equilibrium to the
right-hand side of the reaction (to oppose the change) thus
increasing the amount of XY (g)

e Youcan see there are more moles of gas on the right-hand side of the
reaction

e Asmoles of agasis proportional to volume, the volume willincrease

* Whenyouincrease the temperature of any gas, you are giving the
gases more kinetic energy, and therefore the gas molecules move
further apart. This will resultin an increased volume - this is thermal
expansion

Aisincorrect as thermal expansionis a thermodynamic law that cannot be
ignored. When you increase the temperature of any gas, you are giving
the gases more kinetic energy, and therefore the gas molecules move
further apart. This will result in an increased volume

C & D areincorrect as the equilibrium shifts to the right, not the left.
Remember the forward reaction is endothermic, so anincreasein
temperature would shift it to the right
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The correct answeris C because:

[products]
[reactants]
[NH, P

(
o1 [HyP?

INH,I*

IN,F° [H,°

¢ Togetthe second expression from the first you would need to square
it

¢ The equilibrium constant expressionis

e The first equilibrium constant expressionis thisis “x™)

o The secondequilibrium constant expressionis

e =
NI HoP  INGITHP [INF [HS)°
e Soifthe firstvalue of K. isx, the second must be ¥

Reminder: when multiplying numbers raised to a power, you add the
powers together

4

The carrect answeris A because:

¢ Sodium hydroxide neutralizesH* ions,;so adding it willremowve them
from the equilibriumH* + OH™ = H-0

e Accordingto Le Chatelier's Principle, the equilibrium will respond by
shifting to theright to make more H* ions

e Asthe equilibrium shifts to the right, more MgsS will also be made

B isincorrect as there are no gases present so changing the pressure will
have no effect on the equilibrium and therefore no effect onthe amount
of MgS produced

Cisincorrect as thereactionis at equilibrium so adding a catalyst will have
no effect on the position of equilibrium, since it affects the rate of the
forward and backward reaction equally

Disincorrect as the reaction is exothermic, so increasing the temperature
will cause the position of equilibrium to shift in the endothermic direction,
or backwards, reducing the amount of MgS produced
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The correct answeris B because:

¢ Inastate of equilibrium there is no change in the concentrations of
the substances present

e The equilibrium is dynamic, so reactants are continually changinginto
products and products are continually changing back into reactants

e However, they are changing at the samerate, so macroscopic
properties such as concentrationremain constant at equilibrium

The correct answeris B because:

e Acatalyst has no effect on the position of equilibrium when areaction
has reached equilibriumn, because catalysts speed up forward and
backward reactions equally

e Acatalyst allows you to reach equilibrium faster because it offers an
alternative reaction pathway of lower activation energy

e Sincelessenergyisrequired, the reaction canbe carriedout ata
lower temperature while proceeding at the samerate

Exam Tip:

You are not required to know specific details of industrial processes, but
you should be able to apply principles of equilibrium to any given
reaction, including industrial processes
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The correct answeris C because:

e Adding a catalyst will have no effect on the position of equilibrium as

catalystsincrease the rate of the forward and backward reaction

equally

Reducing the oxygen concentration has the same effect as removing

it from the equilibrium

o According to Le Chatelier's principle, the equilibrium responds to

the removal of a substance by trying to make more of it, so the
equilibrium will shift to the right in this case to replace the oxygen

Increasing the volume of the container has the same effect as

reducing the pressure, since Boyle's law shows that pressure is

; : 1
inversely proportional to volume, PV =constant soP « P

Reducing the pressure causes the equilibrium to shift in the direction
that produces more gas molecules, inthis case the right hand side

The correct answeris Abecause:

[products]
[reactants]
If K is greater than 1, then [products] = [reactants]

If K. isequaltol, then [products] = [reactants]
If K. islessthan 1, then[products] <[reactants]
Inthis case K. isso smallthat the reaction doesnot proceed

The equilibrium constant expression is

Extra info:

As arough rule of thumb, if K. > 10’ then we say the reaction ‘goesto
completion’.

If K. <1079 then the reaction ‘does not proceed’

Remember that K. values are temperature dependent, so although a
reaction may not occur at room temperature it could occur at a different
temperature
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The correct answeris Bbecause:

» Thereaction quotient, Q, is ameasure of how far areactionis from
reaching equilibrium
o |tismeasuredinthe same way as finding the equilibrium constant, but
[products]
[reactants]
e |[fQ <K .theninordertoreachK.the value of Q has to increase, which

means the reaction is moving to the right

e |[fQ >K.theninordertoreachK.the value of Q has to decrease,
which means the reaction is moving to the left

e |[fQ=K.thenthereactionis at equilibrium

at non-equilibrium conditions, @ =

10

The correct answeris B because:

» According to Le Chatelier's principle, the equilibrium responds to
changes in temperature by shifting in the endothermic direction if
you raise the temperature, and shifting in the exothermic direction.if
you lower the temperature

e Thisreactionisexothermic (AH®=-26k]), so the equilibriumwill shift
to the right when the temperature is lowered

» Ashift tothe right willincrease the amount of products compared to
[products]

the reactants since K.= [reactants]

so the value of K. willincrease
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