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Worksheet: Equilibrium Constant Kc

11 Ammonia is manufactured from nitrogen and hydrogen using the Haber process.
Na(g) + 3Hz(g) == 2NHs(g)

What is the expression for K, for this equilibrium?

2[NH4(9)]
[N2(9)] + 3[Hx(9)]

2[NH4(9)]
[N2(9)] x 3[Hx(9)]

[NH,(g)F
[Nx(9)] + [Ha(9)F

[NHy(g)F
[N2(9)] x [Hx9)]*

m/17/qp12

11 In an experiment, 2.00 mol of hydrogen and 3.00 mol of iodine were heated together in a sealed
container and allowed to reach equilibrium at a fixed temperature. The container had a fixed
volume of 1.00dm?®. At equilibrium, there were 2.40 mol of iodine present in the mixture.

Ha(g) + Lx(g) = 2HI(g)

What is the value of the equilibrium constant, K:?

A 0.107 B 0.357 C 0429 D 233

m/16/qp12
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nd 0.15 mol of iodine gas are heated at 723 K until equilibrium is

Hy(9) + 15(g9) == 2HI(g)

What is the correct expression for the equilibrium constant K_?

A 2x0.26
0.20 x 0.15
B (2 x 0.26)2
0.20 x0.15
c ([}r.26[2
0.07 x 0.02
D ([}r.26[2
0.13x0.13
s/03/gpl

9 Two equilibria are shown below.

reaction | 2X2(g) + Ya(g) = 2X2Y(9)
reaction I X;Y(g) = Xz(g) + 1Y 4(9)

The numerical value of K for reaction | is 2.
Under the same conditions, what is the numerical value of K. for reaction 11?

A B 1 c 1 D -2
2 4

ol

s/07/qp1l

11 For the reaction
W(aq) + 2X(aq) = 2¥(aq) + 3Z(aq)
what are the correct units for the equilibrium constant K.?
A moldm™ B molfdm™® C mol'dm* D mol?*dm®

s/08/qp1
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4 The esterification reaction

ethanol + ethanoic acid = ethyl ethanoate + water
is an equilibrium. The forward reaction is exothemic.

How can the value of the equilibrium constant K; be increased?

A by adding a little concentrated sulfuric acid as a catalyst
B by increasing the initial concentration of ethanol
C by lowering the temperature

D by raising the temperature

s/11/qp12

9 Two moles of compound P were placed in a vessel. The compound P was partly decomposed by
heating. A dynamic equilibrium between chemicals P, Q and R was established.

At equilibrium, x mol of R were present and the total number of moles presentwas (2 + x).

What is the equation for this equilibrium?
A P=2Q0+R
B 2P+=2Q+R
C 2P=Q+R
D 2P=Q+2R
s/12/qpll

7 Two moles of compound P were placed in a vessel. The vessel was heated and compound P
was partly decomposed to produce Q and R. A dynamic equilibrium between chemicals P, Q and
R was established.

At equilibrium x moles of R were present and the total number of moles present was (2 + %},

What is the equation for this equilibrium reaction?
A =20+R
B 2P=2Q+R
C 2P=Q+R
D 2P=Q+2R
s/12/qp12
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11 The equilibrium constant, K., for the reaction to form ethyl ethanoate from ethanocl and ethancic
acid, C;HsOH + CH3COzH == CH3CO.C:Hs + H,0, at 60°C is 4.00.

When 1.00 mol each of ethanol and ethanoic acid are allowed to reach equilibrium at 60 °C, what
is the number of moles of ethyl ethanoate formed?

A B C

(TN
|0

1 1
3 4

w/06/qp1

10 Nitrogen dioxide decomposes on heating according to the following equation.
2NO;(g) = 2NO(g) + O2(g)

When 4 mol of nitrogen dioxide were put into a 1 dm’ container and heated to a constant
temperature, the equilibrium mixture contained 0.8 mol of oxygen.

What is the value of the equilibrium constant, K., at the temperature of the experiment?

A 08°x08 g 16x08 c 16°x08 p 16°x08
4* 2.4° 42 242

w/07/qp1l

32 Carbon monoxide burns readily in oxygen to form carbon dioxide.
What can be deduced from this information?

1 The +4 oxidation state of carbon is more stable than the +2 state.

2 The standard enthalpy change of formation of carbon dioxide is more negative than that of
carbon monoxide.

3 The value of the equilibrium constant for the reaction, 2CO(g) + O2(g) = 2C0:(g), is likely to
be high.

w/07/qp1l

17 When sulfur trioxide is manufactured from sulfur dioxide and oxygen, using the Contact process,
which condition affects the value of the equilibrium constant, K.?

A adjusting the temperature
B adjusting the pressure
C using a catalyst

D removing SO; from the equilibrium mixture

w/09/qp1l
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33 Which equilibria, in which all species are ga . Id have equilibrium constants, K, with no
units?

1 sulfur dioxide and oxygen in & h sulfur trioxide

2 hydrogen and iodine in ydrogen iodide
3 carbon monoxide a

w/09/qp11 >

Wifibrium with carbon dioxide and hydrogen

10 The value of the eqﬁ constant, K, for the reaction to form ethyl ethancate from ethanol
and ethanoic acid is 4.0 at 60°C.

CszOH + CH3COz = CH3COzCzH5 + HQD

When 1.0 mol of ethanol and 1.0 mol of ethanoic acid are allowed to reach equilibrium at 60 °C,
what is the number of moles of ethyl ethanoate formed?

1 2 1 3
A 3 B 3 C 2 D 1
w/10/qp11l
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11 Adimer, X, is stable when solid but a dynamic equilibrium is sat up in solution.

X(aq) == 2¥(aq)

A solution of X has an initial concentration of 0.50 moldm ™, When aquilibrium has baen reached
[X(aq)] has fallen to 0.25moldm ™.

The changes in [X(aq)] and [Y(aq)] are plotted against time until equilibrium is reached. The value
of K; is then calculated,

Which graph and value for K. are correct?

graph K, /moldm™

0.5+
0.4 "

concentration 0.3
/meldm~ 0.2

0.1 /Y
0 ' =
0 time

0.5+,
0.4+ ™

concentration 9-3-
imoldm=  0.2-

014,/ Y
0-f =
0 time

ulﬁ_\- jammETTmEmmm s
04 "0 1
e | concentration 034 /7~
/meldm 0.2 /
0.1/"
0 -
o time

T — ,
04 "
p |concentration 034

/moldm® 0.2
014/

0 =
0 tima

w/10/qp12
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*Hint: concentration for Solids is taken as 1, since their concentration is always constant.

9  An aqueous solution was prepared containing 1.0 mol of AgNO; and 1.0 mol of FeSO, in 1.00 dm®

of water. When equilibrium was established, there was 0.44 mol of Ag*(aq) in the mixture.
Ag'(aq) + Fe*'(aq) = Ag(s) + Fe™"(aq)
What is the numerical value of K.?

A 0.35 B 0.62 C 1.62 D 289
w/11/gpll

7 For the equilibrium 2S0;(g) + O,(g) = 250;(g), what will change the value of K;,?
A adding a catalyst
B adding mare O,
C increasing the pressure

D increasing the temperature

w/11/qp12

12 For the reaction
W(aq) + 2X(aq) ==2Y(aq) + 3Z(aq)
what are the correct units for the equilibium constant K.?

A moldm™ B molFdm™® C mol'dm’ D mol?dm®

w/11/qp12

10 The equilibrium constant, K, for the reaction Hz(g) + Ix(g) = 2HI(qg), is 60 at 450°C.

What is the number of moles of hydrogen iodide in equilibrium with 2mol of hydrogen and 0.3 mol
of iodine at 450°C?

A — B — C 6 D 36
100 10

s/14/gpl1

7  The formation of hydrogen and ethyne, CzHz, from methane reaches dynamic equilibrium.
2CHs(g) = 3Hz(g) + C:Ha(g)

What are the units of K.?

A moldm™ B molfdm™® ¢  molPdm™ D mol*dm™

s/14/qp12
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10 Nitrogen reacts with hydrogen to produce ammonia.
MNz(g) + 3H:(g) = 2NHa(g)

A mixture of 1.00meol of nitrogen, 3.00 mol of hydrogen and 1.98mol of ammonia is allowed to
reach equilibrium in a sealed vessel under certain conditions. It was found that 1.64mol of
nitrogen were present in the equilibrium mixture.

What is the value of K; under these conditions?

(0.70)2
(1.64)(4.92)

(1.34)
(1.64)(3.64)*

(1.64)(4.92p
(0.70)2

(1.64)(3.64)
(1.34)
w/13/qp13

89 Nitrogen reacts with hydrogen to produce ammonia.
Nz(g) + 3Hz(g) = 2NHs(g)

A mixture of 2.00 mol of nitrogen, 6.00mol of hydrogen, and 2.40mol of ammonia is allowed to
reach equilibrium in a sealed vessel of volume 1 dm’ under certain conditions. It was found that
2.32mol of nitrogen were present in the equilibrium mixture.

What is the value of K, under these conditions?

(1.762
(2.32)(6.96)°

(1.76
(2.32)(6.32F

(2.087
(2.32)(6.32F

(2.40)
(2.32)(6.00)

w/13/qgpll
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2  Methanol, CH,OH, can be producsd industrially by reacting carbon monoxide, CO, with
hydrogen, H,.

CO(g) + 2H,(g) = CH,OH(qg) AH = =91 kJmol
The process is carmried out at 4 = 10°kPa (40 atmospheres) and 1150 K.

(a) (i) State Le Chatelier's Principle.

. [2]
(ii) From wyour understanding of Le Chatelier's Principle, state the conditions of
temperature and pressure that could be used in order to produce an increased yield
of methanol in this process.
In each case, explain why the yield would increase.
PEIMIPEIATLINE ettt oottt et ettt me ettt nme e s ne s e me mm st et s

X A B O e
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(b) The carbon monoxide for use in the production of methanol may be formed by reacting
carbon dioxide with hydrogen,

CO,(g) + H,(g) = CO(g) + H,0(9) K. = 1.44 at 1200K

A mixture containing 0.70mol of CO,, 0.70mol of H,, 0,30 mol of CO and 0,30 mol of H,0
was placed in a 1dm* flask and allowed to come to equilibrium at 1200 K,

Calculate the amount, in moles, of each substance present in the equilibrium mixture at

1200K.
CO, + H, = CO + HO
initial 0.70 0.70 0.30 0.30
moles
(4]
s/13/qp23
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3 Hydrogen is the most abundant element in the Universe, although on Earth only very small
quantities of molecular hydrogen have been found to occur naturally.

Hydrogen is manufactured on a large scale for use in the chemical industry and is also
regarded as a possible fuel to replace fossil fuels in internal combustion engines.

(a) State one large scale use of hydrogen in the chemical industry.

One common way of producing hydrogen on a large scale for use in the chemical industry

is by the steam ‘reforming’ of methane (natural gas), in which steam and methane are

passed over a catalyst at 1000-1400K to produce carbon monoxide and hydrogen.
CH,(g) + H,O(g) = CO(g) + 3H.(g) AH = +206 kJ mol*

(b) Use the information above to state and explain the effect on the equilibrium position of
the following changes.

(i) increasing the pressure applied to the equilibrium

(c) What will be the effect on the rate of the reaction of increasing the pressure at which it is
carried out? Explain your answer.

Whatsapp: +92 323 509 4443 Page 11
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{(d) Further hydrogen can be obtained by the “water-gas shift’ reaction In which the carbon
monoxide produced |s reacted with steam.

CO(g) + H.O(g) = CO,(g) + H,(g) K, = 640« 10 at 1100K

A mixture containing 0.40mol of CO, 0.40mel of H,O, 0.20mel of CO, and 0.20mol of H,
was placed in a 1dm’ flask and allowed to come to equilibrium at 1100K

(I} Give an expression for Kﬂ for this reaction,

(i) Calculate the amount, in moles, of @ach substance present in the equilibrium mixture
at 1100K.

Colg + HOE =« COJMg + H.(9)

initial moles 0.40 0.40 0.20 0.20

(5]
[Total: 12]
w/12/qp23
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Hydrogen iodide can be made by heating together hydrogen gas and iodine vapour. The
reaction is incomplete.

Hy(9) + I(9) = 2HI(g)

(b) Write an expression for K_ and state the units.

T e UNIES Lo [2]

(c) For this equilibrium, the numerical value of the equilibrium constant K_ is 140 at 500K and
59 at 650K.

Use this information to state and explain the effect of the following changes on the
equilibrium position.

(i) increasing the pressure applied to the equilibrium
(if) decreasing the temperature of the equilibrium

&
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(d) A mixture of 0.02mol of hydrogen and 0.02 mol of iodine was placed in a 1dm?® flask and
allowed to come to equilibrium at 650 K.

Calculate the amount, in moles, of each substance present in the equilibrium mixture at

B50K.
H.(g) + 1(9) — 2HI(g)
initial moles  0.02 0.02 0
[4]
[Total: 13]
w/12/qp21
(e) HI dissolved in water behaves as a strong acid.
(i) Explain what is meant by a strong acid.
(i) Complete the equation.
HI + H,O — o+
(iif) Identify the conjugate base of HI in this equation.
............................................................................................................................... [3]

w/04/qp2
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1 Hydrogen iodide dissociates into its elements according to the equation below.

2HI(g) == Hy(g) + 15(9)

(a) Write the expression for the equilibrium constant, K_..

(1]

(b) At 120°C the equilibrium mixture contains 1.47 moldm™ of HI(g), 0.274 moldm~ each

of H,(g) and I,(g).

pine K_ for this equilibrium at

Calculate the value of K for the equilibrium at 120 °C.

(c) Suggest and explain why it would be more diffi
room temperature.

............................................. O SO OPU SO UEUPURUPRRURPPTRPRORORRRN -4
w/04/qp2 \
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2 Ethﬂnﬂlﬂ acid is a commaon Ingradlant in ﬂﬂﬂkiﬂg. It iz also usad in Industry asa raagﬂnt.

(a) Ethanoic acid Is a weak acid,

(I) Explain, In Bronsted-Lowry terms, what Is meant by an acld.

() Explain, with the aid of an equation, the term weak acid.

(b) Ethanolc acld, CH,CO,H, reacts with ethanol, C,H.OH, to produce ethyl athanoate and
water. The reaction is an axample of dynamic aquilibrium.

CH,COH + C,HOH . CH,CO,C.H; + H,O
(I) Explain what Is maant by dynamic equilibrium.

(Il) Write an exprassion for tha aqullibrium constant, K, for this reaction.

(2]

() A mixture of 6.0g of ethanolc acld and 6.0g of athanol was added to 4.4 g of athyl
athanoate and the ovarall mixture allowed to reach equilibrium, It was found that
0.040 mol of athanolc acld was prasent In the aquilibrium mixture.

(I) Calculate the number of moles of each compound, both Initlally and at aquilibrium.
Place the results In the spaces provided,

Initially s 0.00

at aquilibrium 0.040

Whatsapp: +92 323 509 4443 Page 16
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(i) Calculate the equilibrium constant, K., for the reaction.

(iii) Explain why K. in this reaction has no units.

[Total : 9]

w/02/qp2
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1 Ethanoic acid can be reacted with alcohols to form esters, an aquilibrium mixture baing
formed,

CH,CO,H + ROH - CH,CO.R + H,O
The reaction s usually carried out In the presence of an acld catalyst.

(a) Write an expression for the equilibrium constant, K, for this reaction, clearly stating the
units.

un"s T Urh

In an EHDE‘IH"‘I‘IEI‘II o determina ."CE a student pmcad tog6ihe
athanolc acld, 0.10mol of an alcohol ROH, and 0.005 gibls

The flask was sealed and HBPI at 25°C for sevan dag?
Altar this tima, the studant titratad all of tha conhania
using phanolphthalain indicator.
Al the end-point, 22 5em? of NaOH had been used

a5k with 2,00 meldm™ NaOH

(b) () Calculate the amount, in mol D@Sd in tha titration,

(ly What amount, | aOH reacted with tha hydrogan chlorida?

(lll)y Write a balanced equation for the reaction batwean athanolc acid and NaOH.

(lv) Hence calculate the amount, in molas, of NaOH that reacted with tha athanolc
acid.

4]
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(e) (I) Use your results from (b) to calculate the amount, In moles, of ethanolc acid present
at equilibrium. Hence complate the table balow,

CH,CO,H ROH CH,CO,R H,O
Initial
amount/mol 0.10 0.10 0 0
aquilibrium
amount/mol

(Il) Use your results to calculate a value for K for this reaction.

(3]

(d) Estors ara hydrolysad by sodium hydroxide, During the titration, sodium hydroxide reacts
with ethanolc acld and the hydrogen chloride, but not with the astar.

Suggest a raason for this.

(e) What would be the effect, If any, on the amount of aster present if all of the water were
removed from the flask and the flask kept for a further week at 25°C?

Explain your answar.

[Total: 12]
s/11/qp22
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3 Concern over the ever-increasing use of fossil fuels has led to many suggestions for
alternative sources of energy. One of these, suggested by Professor George Olah, winner of
a Nobel Prize in chemistry, is to use methanol, CH,OH, which can be obtained in a number
of different ways.

Methanol could be used instead of petrol in a conventional internal combustion engine or
used to produce electricity in a fuel cell.

(a) Construct a balanced equation for the complete combustion of methanol.
- [1]

When hydrocarbon fuels are completely burned in an internal combustion engine, several
toxic pollutants may be formed.

(b) State two toxic pollutants that can be produced after complete combustion of a
hydrocarban fuel in an internal combustion engine.

-2

Methanol may be manufactured catalytically from synthesis gas, a mixture of CO, CO,
and H,. The CO is reacted with H, to form methanol, CH,OH.

CO(g) + 2H,(g) — CH,OH(g) AH = —91 kJ mol!

(c) From your understanding of Le Chatelier's principle, state two conditions that could be
used in order to produce a high yield of methanol.

In each case, explain why the yield would increase.
CONAITION et c et e me e e e e e e e eas s m e e e emseae s ranseeemmneeeeennseannnnnenens

=) 0] = = 11 Lo o USROS

Lol o 1 ({0 o TSRO SRT

=) 0] =1 0 F= 11 [ ] o OSSO

- [4]
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Carbon monoxide, which can be used to make methanol, may be formed by reacting carbon
dioxide with hydrogen.

CO,(g) + Hy(g) = CO(g) + H,0(g) K, = 1.44 at 1200 K

(d) (i) It has been suggested that, on a large scale, this reaction could be helpful to the
environment.

Explain, with reasons, why this would be the case.

(if) A mixture containing 0.50 mol of CO,, 0.50 mol of H,, 0.20 mol of CO and 0.20 mol
of H,O was placed in a 1.0 dm? flask and allowed to come to equilibrium
at 1200 K.

Calculate the amount, in moles, of each substance present in the equilibrium
mixture at 1200 K.

co,b + H, = CO + HO

initial 0.50 0.50 0.20 0.20
moles

(6]

[Total: 13]
s/09/qp2
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2 Alcohols and esters are important organic compounds which are widely used as solvents.
Esters such as ethyl ethanoate can be formed by reacting carboxylic acids with alcohols.
CH,CO,H + C,H,OH = CH,CO,C,H; + H,0O
This reaction is an example of a dynamic equilibrium.

(a) Explain what is meant by the term dynamic equilibrium.

(b) Write the expression for the equilibrium constant for this reaction, K_.

(c) For this equilibrium, the value of K_ is 4.0 at 298K.
A mixture containing 0.5mol of ethanoic acid, 0.5mol ethanol, 0.
and 0.1mol water was set up and allowed to come to equilibrj
volume of solution was Vdm?.

Calculate the amount, in moles, of each substance presen

&

(4]
s/07/qp2 \
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(d) 2.00 moles of SO,(g) and 2.00 moles of O,(g) are sealed in a container with a suitable catalyst,
at constant temperature and pressure. The resulting equilibrium mixture contains 1.98 moles
of SO,(g).

The total volume of the equilibrium mixture is 40.0dm?.

250,(9) + Oy(9) = 2504(g)

(i) Write the expression for the equilibrium constant, K, for the reaction between SO,(g) and
0O,(g) to produce SO,4(g).

K. =
(1
(ii) Calculate the amount, in moles, of SO,(g) and O,(g) in the equilibrium mixture.
SO,(g) = i mol
0,(g) = e mol
[2]

(iif) Use your answers to (d)(i) and (d)(ii) to calculate the value of K_ for this equilibrium mixture.
Give the units of K_.

s/18/qp23
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