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CIE Chemistry A-Level
Topic 7 - Equilibria

Flashcards

This work by PMT Education is licensed under CC BY-NC-ND 4.0
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What is a reversible reaction?
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What is a reversible reaction?

e A reaction in which reactants form
products and products reform
reactants.

e This occurs until an equilibrium is
reached.
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What is dynamic equilibrium??
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What is dynamic equilibrium?

The rate of the forward reaction equals
the rate of the reverse reaction, hence
the concentrations of the reactants and
products remains constant.
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What is Le Chatelier’s principle?
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What is Le Chatelier’s principle?

If a system in dynamic equilibrium is
subjected to a change, then the position
of equilibrium will shift to minimise this

change.
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How does increasing temperature affect
the position of equilibrium?
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How does increasing the temperature affect the
position of equilibrium?

For an equilibrium where the forward reaction is
exothermic, increasing the temperature will shift the
equilibrium left (so more endothermic reactions occur) to
take in more heat energy and reduce the temperature.

The reverse is true when the forward reaction is
endothermic.
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How does decreasing the temperature
affect the position of equilibrium??
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How does decreasing the temperature affect the
position of equilibrium?

For an equilibrium where the forward reaction is exothermic,
decreasing the temperature will shift the position of
equilibrium to the right (so more exothermic reactions occur)
to release more heat energy and increase the temperature.

The reverse is true when the forward reaction is endothermic.
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How does the concentration of reactants
affect the position of equilibrium??
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How does the concentration of reactants affect the
position of equilibrium?

Increasing the concentration of reactants causes the
position of equilibrium to shift right in order to reduce
the concentration of reactants and form more products.

The reverse occurs if the concentration of reactants is
decreased.
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How does pressure affect the position of
equilibrium?
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How does pressure affect the position of equilibrium?

e Increasing the pressure will cause the position of
equilibrium to shift to the side with the fewest gaseous
molecules in order to increase the pressure.

e The opposite occurs if pressure is decreased.

e If there is an equal number of gaseous molecules on
both sides of the equation, changing the pressure will
have no effect on the position of equilibrium.
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How does the presence of a catalyst

affect the position of equilibrium and the
magnitude of the equilibrium constant?
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How does the presence of a catalyst affect the position
of equilibrium and the magnitude of the equilibrium
constant?

e The presence of a catalyst doesn'’t affect the position
of equilibrium.

e The magnitude of the equilibrium constant therefore is
unaffected.

e |t does however increase the rate of the forward and
reverse reactions so equilibrium is established sooner. |
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How does temperature affect the

magnitude of the equilibrium constant?
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How does temperature affect the magnitude of the

equilibrium constant?

e If the forward reaction is exothermic, increasing the
temperature shifts the position of equilibrium to the left
so K, decreases.

e If the forward reaction is endothermic, increasing the
temperature shifts the equilibrium to the right so K
Increases.

__® The reverse is true if temg%rature IS decreased. )
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How does pressure affect the magnitude
of the equilibrium constant?
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How does pressure affect the magnitude of the
equilibrium constant?

KC remains the same:

e Doubling the pressure will double both the partial pressures and
concentrations of the species on both sides of the equation.

e The system is no longer in equilibrium so partial pressures of
reactants and products must change to keep K_ the same.

e New equilibrium position will be reached whereby K _ is restored (the
ratio of the K_ expression is the same as before).
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How does concentration affect the
magnitude of the equilibrium constant?
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How does concentration affect the magnitude of the

equilibrium constant?

e Changing the concentration of a reactant or product
means that the system is no longer in equilibrium.

e The concentrations of the reactants and products
now must change so the ratio and hence K _ is
restored.

e K. is therefore unaffected by concentration changes.

~ 10,04 o

O www.pmteducation Q@@ ) PMTEducation @O




SSSSSSSSSSSSSSSSSSSSSSSSSS

What does the equilibrium constant tell
you?
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What does the equilibrium constant tell you?

e The position of equilibrium of a
reaction.

e The magnitude indicates whether
there are more reactants or products
In an equilibrium system.
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How would you calculate the equilibrium
constant (K ) for the following equation?
3H, + N, = 2NH,
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How would you calculate the equilibrium constant
(K,) for the following equation”? 3H, + N, = 2NH,
2
INH ;]
c — 3

IV, 1[H,]
Multiply all the concentrations of the products to the power of
their balancing number. Divided this by the product of all the
concentrations of the reactants to the power of their balancing

number. This is K, the equilibrium constant.
0,0, o

O www.pmteducation Q@@ ) PMTEducation @O



SSSSSSSSSSSSSSSSSSSSSSS

Use the K expression to work out the

units for the equilibrium constant for the

equation below:
3H, + N, = 2NH,
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Use the K expression to work out the units for the
equilibrium constant for the equation below:

3H, + N, = 2NH,
_ [NH,Y
© T IVIIH,T |
Substitute in the units and cancel down:

K. = (mol dm_3)2 _ mol® dm™®
™ mol dm=3x (mol dm=3)° ~ mol* dm12

= dm® mol *
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What is Kp?
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What is Kp?

e The equilibrium constant for reactions
In the gaseous phase.

e Similar to K_but it uses partial
pressures instead of concentrations.
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How do you calculate the mole fraction
of a gas?
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How do you calculate the mole fraction of a gas?
For gas, A:
Mole fraction, Xa = ot e
)

40,
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How do you calculate the partial
pressure of a gas?
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How do you calculate the partial pressure of a gas?

For gas A:

P artial pressure of A, p(A) = Mole fraction, X, * Total pressure
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Write the Kp expression for the following
reaction: H, .+ 1, . — 2HI
(9) 2(9) (9)
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Write the Kp expression for the following reaction:

Hog T 1o = 2Hl

p(HI)’

Kp = p(H)xp(I)

Where p(X) is the partial pressure of gas X and
the power is the balancing number in the

equation.

~ 10,04 o
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Use the Kp expression to work out the
units for the equilibrium constant for the
equation below:

Hog + 1o = 2Hl
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Use the Kp expression to work out the units for the
equilibrium constant for the equation below:

Hog ¥ g = 2Hl )

Substitute the units into the Kp expression and cancel any
common units, in this case all units cancel out.

HI)*
Kp — p(HI)
p(H)Xp(ZI)
_ (kPa) _ kPa* _ -
Kp ~ kPa xkPa ~ kPa%? no unts
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CH, +2H,0=CO, +4H,
Initially, a mixture contains 3.00 mol of
water and 1.50 mol of methane. At
equilibrium, this mixture contains 0.250

mol of carbon dioxide. Calculate the
quantity of each compound at

equilibrium.
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= Black- from
CH4 t ZHZO T CO2 + 4H2 guzstion .
Initially, a mixture contains 3.00 mol of water stoichiomeri

and 1.50 mol of methane. At equilibrium, this squation.

Blue - calculated

mixture contains 0.250 mol of carbon dioxide. o tract roacted

. from initial)
Calculate the quantity of each compound at
equilibrium. i+ 20 - co, +
Initial amount / mol 1.50 3.00 0.00 0.00 No
products
Amount reacted / mol 0.250 0.500 0.00 0.00 in initial
\ mixture
Amount at equilibrium | 1.50-0.250 | 3.00 - 0.500
/ mol =1.25 =2.50 0.250 1.00
o s
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Calculate K using the quantities at
equilibrium below. The volume is 4 dm®.
CH, + 2H0 = co, + 4H,
Qa'l‘ﬁfb”rfuar; . 1.25 2.50 0.250 1.00
1O} J
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Calculate K_ using the quantltles at equilibrium
below. The volume is 4 dm?.

Total volume = 4 dm? Calculate concentration usingc=n+v
CH, + 2H,0 = CO, + 4H,
Amount at 125 2,50 0.250 1.00
equilibrium / mol
Concentration / 1.25+4 2.50+4 0.250 + 4 1.00 + 4
mol dm™ =0.313 mol dm= | =0.625 mol dm= | 0.0625 mol dm= | =0.250 mol dm™
[H,1'[CO,]  (0.250)*(0.0625 5 B
K, = — 22=( AL 2)=2x10 mol”“dm™®
[CH,][H,0] (0.313)(0.625)
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What is the Habe

equation for this reaction and state the
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r process? Write an

source of the reactants
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What is the Haber process? Write an equation for
this reaction and state the source of the reactants

e |tis a process that produces ammonia:
N — -1
Nz(g) + 3H2(g) = 2NH3(9) AH =-92 kdJ mol

e Nitrogen - fractional distillation of air
e Hydrogen - natural gas

.
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What conditions are used for the Haber
process?

10O
O www.pmteducation Q@@ ) PMTEducation @O



«resources-tuition-courses

What conditions are used for the Haber process?

e 400 - 450°C
o 200 atm
e |ron catalyst
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What temperature would you expect to
be used for the Haber process and why?
Why Is the temperature used in industry

a compromise?
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What temperature would you expect to be used for
the Haber process and why? Why is the temperature
used in industry a compromise?

e The forward reaction is exothermic so a low
temperature would give the greatest yield.

e However, a low temperature gives a slow rate of
reaction and so a higher temperature is normally
used to strike a balance between yield and rate.
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What pressure would you expect to be

used for the Haber process and why?

Why Is the pressure used in industry a
compromise”?
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What pressure would you expect to be used for the
Haber process and why? Why is the pressure used
in industry a compromise?

e According to Le Chatelier’s principle, a high
pressure would give the greatest yield of ammonia.
e However, high pressures can be dangerous and

expensive to maintain so a lower pressure may be
used.
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What is the Contact process? Write an
equation for this reaction and state the
source of the reactants
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What is the Contact process? Write an equation for
this reaction and state the source of the reactants

e The process for creating sulfur trioxide:
280, + 0, =2S0, AH =-196 kJ mol”

e Sulfur dioxide - heat sulfur in air
e Oxygen - air

S 0,0,
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What conditions are used for the Contact
process?
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What conditions are used for the Contact process?

e 400 - 450°C
o 1-2atm
o V,O, catalyst
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What temperature would you expect to
be used for the Contact process and
why? Why is the temperature used in

industry a compromise?
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What temperature would you expect to be used for

the Contact process and why? Why is the

temperature used in industry a compromise?

e The forward reaction is exothermic so a low
temperature would give the greatest yield.

e However, a low temperature results in a slow rate
of reaction and so a higher temperature may be
used to strike a balance between yield and rate.
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What pressure would you expect to be

used for the Contact process and why?

Why Is the pressure used in industry a
compromise”?
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What pressure would you expect to be used for the
Contact process and why? Why is the pressure used
in industry a compromise?

e According to Le Chatelier’s principle, a high pressure would
give the greatest yield of sulfur trioxide.

e However, even at pressures close to atmospheric pressure,
99.5% of SO, is converted into SO, so increasing the
pressure would only see a minute improvement in yield that
wouldn’t be economically worthwhile.
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What is a Brgnsted-Lowry acid?
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What is a Brgnsted-Lowry acid?

A proton donor

40,
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What is a Brgnsted-Lowry base?
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What is a Brgnsted-Lowry base?

A proton acceptor
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What is the proton donor and acceptor in

this reaction:
HN02(8)+ HzO(|) —> H30+(aq + NO,;

) (aq)
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What is the proton donor and acceptor in this
reaction:

ANO, i+ H,0) — H;07 ) + NO, )

e Proton donor: HNC)Z(aq

)
e Proton acceptor: HZO(I)
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What is a conjugate acid-base pair?
Label the conjugate acid-base pairs in
the equation below:

HCI,, + H,0, =H,0"  +CI

(a 37 (aq) )
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What is a conjugate acid-base pair? Label the
conjugate acid-base pairs in the equation below:
HCl g + H,0p) = H307 ) * Clgg) |

e A conjugate acid-base pair is two species that

differ from each other by a proton (H" ion)
° HCI(aq) + HzO(l) =H,0" . +CI

Acid 1 Base 2 (aq) Base 1 (aq)

e HCI and CI" are a conjugate acid-base pair.

e HOand H3O+ are a conjugate acid-base pair.
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What is a strong acid? Write an equation
to show that HCl is a strong acid
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What is a strong acid? Write an equation to show
that HCI is a strong acid

A strong acid is an acid that completely
dissociates in solution:

+ + -
HCl gy = H g + Cl g

Typical pHis O - 1

)
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What is a strong base? Write an
equation to show that NaOH is a strong
base
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What is a strong base? Write an equation to show
that NaOH is a strong base

A strong base is a base that completely
dissociates in solution:

NaOH, . — Na*, .+ OH-
(aq) (aq) (aq

_Typical pH is close to 14
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What is a weak acid? Write an equation
to show that ethanoic acid is a weak acid
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What is a weak acid? Write an equation to show that
ethanoic acid is a weak acid

A weak acid is an acid that only partially
dissociates in solution:

CHsCOOH( = CH,COO",_ +H"
aq 3 (aq

) ) (aq)

_TypicalpHis2-6
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What is a weak base?\Write an equation
to show that ammonia is a weak base
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What is a weak base? Write an equation to show
that ammonia is a weak base

A weak base is a base that only partially
dissociates in solution:

NH, + H,0 = NH,* + OH"

Typical pH is above 7 but lower than a strong base

~ 10,0 o
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What is the acid dissociation constant,
K,? Write the general equation for K,
(A level only)
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What is the acid dissociation constant, Ka? Write the
general equation for K_
(A level only)

A quantitative measure of the strength of
an an acid.

[H][A ]
Ka = "l
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Write a general equation for pK_. Why
might pK_ be used instead of K_?
(A level only)
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Write a general equation for pK_. Why might pK_ be
used instead of K_? (A level only)

pK, = -logK,_

pK, values make It easier to compare
relative acidic strengths of substances.
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What is pH? (A level only)
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What is pH? (A level only)

e A way to measure/ compare hydrogen ion
concentration.

e There’s a large range of [H*] values with
negative powers of 10. pH gives a more

manageable scale of 1 to 14 rather than 10~
to 10714,

10,04 o
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How do you calculate the pH of a strong
acid? (A level only)
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How do you calculate the pH of a strong acid?
(A level only)

Strong acid: HA - H" + A’

Concentration of acid = concentration of
H* ions.

pH = -log[H"
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Whatis K 7
(A level only)
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Whatis K ? (A level only)

e The ionic product of water.

e \Vater molecules can function as acids and bases.
H,O — H" + OH

o K =[H]OH] =1x 10" mol® dm™® at RTP

e 5o little water is ionised at any moment that the
concentration of H,O remains almost constant, thus it
doesn’'t appear in the K expression.

10,04 o
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How do you calculate the pH of a strong
base?
(A level only)
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How do you calculate the pH of a strong base?
(A level only)

Strong base: XOH — X" + OH"

Concentration of base = concentration of OH" ions.
KW = [H'][OH] so [H']= KW/[OH']
pH = -log[H’]
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How do you calculate the pH of a weak
acid?
(A level only)
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How do you calculate the pH of a weak acid?

(A level only)
Weak acid: HA=H" + A

Write K expression: K, = [}{1}% ]
+42
We can assume [H'] = [A]so: K, = [[ZQ]

Rearrange to make [H'] the subject: [H"] = K, x [HA]
pH = -log[H"]
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Write an equation that can be used to
calculate the concentration of protons
from pH
(A level only)
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Write an equation that can be used to calculate the
concentration of protons from pH (A level only)

[H*] = 10"
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Draw a pH curve for a strong acid-strong
base reaction
(A level only)
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Draw a pH curve for a strong acid-strong base
reaction (A level only)
14
pH /
0 Addition of Base
J

40,
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Draw a pH curve for a strong acid-weak
base reaction
(A level only)
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Draw a pH curve for a strong acid-weak base
reaction (A level only)
14
pH
0] "
Addition of Base )
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Draw a pH curve for a weak acid-strong
base reaction
(A level only)
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Draw a pH curve for a weak acid-strong
base reaction (A level only)

14
pH
0 .
Addition of Base
1©40, g
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raw a pH curve for a weak acid-weak
base reaction
(A level only)
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Draw a pH curve for a weak acid-weak base reaction

(A level only)
14

pH

Addition of Base
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How would you use a pH curve to
determine a suitable indicator for an
acid-base titration?

(A level only)
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How would you use a pH curve to determine a
suitable indicator for an acid-base titration?

(A level only)

e The pH range of the indicator must be within

the vertical section of the pH curve.

e \Veak acid-weak base reactions have no
suitable indicator because they have no
vertical region.
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Why must an indicator change colour

within the vertical section of pH curve for

an acid-base titration?
(A level only)
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Why must an indicator change colour within the
vertical section of pH curve for an acid-base
titration? (A level only)

Within the vertical section, the volume of acid (or alkali) added
changes very little. When the indicator changes colour, this is the
end point of the titration which should show when the correct
volumes of acid and alkali have been combined so that neither
reactant is in excess. If the indicator changes colour outside the
vertical sections, the volumes of acid and alkali won’t be close to
the actual volumes required for the neutralisation reaction.
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What is a buffer?
(A level only)
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What is a buffer? (A level only)

A system that minimises pH changes on
addition of small amounts of an acid or
base.
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Describe how the system below can act

as a buffer:

CH,COOH, , = CH,COO" . + H"
q 3

) (aq) (aq)

(A level only)
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Describe how the system below can act as a buffer:
CH3COOH(aq) = CHBCOO‘(aq) + H+(aq) (A level only)

e Upon addition of acid, the concentration of H* ions increases. H*
ions combine with CH3COO'(aq) to form CH,COOH. The reverse
reaction is favoured and the position of equilibrium shifts to the
left.

e Upon addition of base, the concentration of OH" ions increases.
OH" ions combine with H* to form H,O. The forward reaction is
favoured and the position of equilibrium shifts to the right.

0,0, o
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What is a weak acid buffer?
(A level only)
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What is a weak acid buffer? (A level only)

A mixture of a weak acid and its
conjugate base (usually in the form of
one of its salts i.e. CH,COO'Na").
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How would you calculate the pH of the

weak acid buffer solution shown below?

CHSCOOH(aq S CHBCOO'(aq) +H7

) )

(A level only)
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How would you calculate the pH of the weak acid
buffer solution shown below?

CH,COOH,,, = CH,COO"_ +H"__ (A level only)

[H'][CH,COO™]

o Write Ka expression: X« = ~cx,coon
e Make [H*] the subject: [H#*] = Ka X[CH,;COOH]

[CH,COO ]
e Calculate [H] and substitute into
pH = -log[H"]
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How do buffers control the pH of blood?
(A level only)
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How do buffers control the pH of blood? (A level only)
e |tis important that blood remains within a specific pH

range to prevent disastrous effects on enzymes and
proteins in the blood that could put our life at risk.

One way that blood pH is maintained is with the carbonic
acid-hydrogen carbonate buffer system:

H,C050q) = H' (o + HCO3
If small amounts of acid or base are added, the position

of equilibrium shifts to minimise this pH change.
oo y,

O www.pmteducation Q@@ ) PMTEducation @O



Explain how to calculate the pH of a
buffer
(A level only)
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Explain how to calculate the pH of a
General equation for a buffer: HA(aq) =

_ [H[AT]
Ka = [HA]
Do not assume that [H*] = [A] like other weak acids.

buffer (A level only)
H*(aq) + A(aq)

Assume that [HA] at equilibrium = [HA] at start

Rearrange K_ to find [H] (K, will be given, may need to work
out equilibrium quantities and concentrations) then substitute
[H*] into pH = -log, [H]

oo y,
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What is solubility product?
(A level only)
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What is solubility product? (A level only)

e The solubility product constant, Ksp, IS an
equilibrium constant for a solid dissolving Iin
(aqueous) solution.

e The higher its Ksp, the more soluble a
substance is and hence the more solute that
dissolves.
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How do you calculate Ksp?
(A level only)
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How do you calculate Ksp? (A level only)

For reaction: aA(s) s CC(aq) + dD(aq)

K., = [CIYD]"

Solids are not included as their concentrations don’t affect the

expression and are hence insignificant.
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How does KS/D affect whether a
precipitate will form?
(A level only)
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How does K affect whether a precipitate will form?
(A level only)

A precipitate will only form if the ionic
concentrations give a give a value that is
greater than the solubility product. If not,
the solution is not saturated.
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What is the common ion effect?
(A level only)
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What is the common ion effect? (A level only)

e The extent of which a solute dissolves in
solution is affected by the presence of a
common ion.

e This prevents dissociation due to shifting
the position of equilibrium towards the solid

reactant. )
1,0
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What is meant by the partition
coefficient? Write an equation for K
pC
(A level only)
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What is meant by the partition coefficient”? Write an

equation for Kpc (A level only)

e A dynamic equilibrium is established between two
iImmiscible layers in a separating funnel when a substance
(X) is dissolved in the liquids:

X(in more dense liquid) = X(in less dense liquid)

® Kpc = [Xinless dense liquid]

[X in more dense liquid]

e There are no units as they cancel out.
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1.00g of X is in 100cm?® of water and
5cm?® of ether. K . is 40. Calculate the
mass of X dissolved in ether.
(A level only)
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1.00g of X is in 100cm? of water and 5cm?® of ether.
KpC IS 40. Calculate the mass of X dissolved in ether.

(A level OHIY) Koe = [Xin less dense liquid]
e (Concentration of X in ether: [X in more dense liquid]
m/5 g cm® 40=__mb
_ _ (1.00 —m)/100
e Concentration of X in water: 40(1.00-m)=m
(1.00 - m)/100 g cm?3 1005
200 — 200m = 100m
300m = 200
m = 0.67¢g )
10,0
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