Equilibrium Past Papers

In which of the following will an increase in
pressure lead to an increase in concentration of
the product(s)?

A Hy(g) + Cly(g) == 2HCl(g)

B 2N,04(g) == 2N,0,(g) + O,(»)
C N,04(g) = 2NOy(®)

D 2S0,(g) + O,(g) = 250,(g)

C,Hy(g) = C,H,(g) + Hy(g) AH® = +157k] mol™

The conditions favouring the highest
equilibrium yield of ethene in the above
reaction are

A low pressure and high temperature
B low pressure and low temperature
C high pressure and high temperature

D high pressure and low temperature.

Phosphoric acid i1s a weak acid and undergoes
partial dissociation according to the equation

H,PO, = H,PO, + H'

The position of equilibrium would be shifted
to the right by the addition of

A a catalyst

B sulfuric acid

C  sodium hydroxide

D sodium dihvdrogenphosphate.

Butanoic acid is a weak acid which dissociates as shown.
C;H,CO0H(aq) + H,0(¢) = C,;H,C00 (aq) + H,0"(aq)
The equilibrium position can be shifted to the right by the addition of

A acatalyst

B  sulfuric acid

C sodium hydroxide
D

sodium butanoate.

Propanoic acid partially dissociates into ions in aqueous solution and an equilibrium is
established.

Which of the following decreases in concentration when potassium propanoate is added to
this equilibrium?

Propanoate ions

Hydronium ions

Hydroxide ions

e S o T = = B

Propanoic acid molecules

2505(g) + 0y(g) = 2505(¢)  AH=-196 kimol™

Which line in the table is correct for the concentration of 50,(g) at equilibrium and the
equilibrium constant, K, when the pressure of the equilibrium mixture is increased at
constant temperature?

[505(g)] at equilibrium Equilibrium constant, K
A increase no change
B increase increase
C no change increase
D no change no change
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When sulfur dioxide and oxygen react the following equilibrium is established.

Which line in the table is correct if the temperature of the equilibrium mixture is increased?

Which change in reaction conditions will shift
the position of equilibrium to the right in this

250,(g) + 0,(g) = 250,(g) AH =-197 kJ mol™

Equilibrium Concentration of 50, as
constant, K temperature increases
A decreases decreases
B decreases increases
C increases decreases
D increases increases

reaction?

250,(g) + O,(g) == 250,(g) AH°=-197k] mol™

A

Increasing the temperature

Removal of some oxygen gas

B
C Increasing the pressure
D

Adding a catalyst

A reaction in dvnamic equilibrium is one in

which

A

8]

the concentration  of the produet
ig  always  independent of reaction
conditions

the enthalpy changes for the forward and
the reverse reactions are equal
the activation energies for the forward

and the reverse reactions are equal

the rates of the forward and the reverse
reactions are equal.

10.

11.

12.

PCl, = PCL, + Cl, 13.

Adding PCL; 1o the above svstem will

A inerease the wvalue of the equilibrium
constant

B decrease the wvalue of the equilibrium
constant

C  increase the concentration of PCl; and
decrease the concentration of Cl,

D decrease the concentration of PCL and
increase the concentration of Cl,.

Hyvdrogen for use in ammonia production is

produced by the endothermic reaction:

14..

CH,(g) + H,0(g) = CO(g) + 3H,(g)

Which of the following will increase the
equilibrium vield of hvdrogen?

A

B
C
D

INH,(g) = N,(g) + 3H,(g) AH® = 92k] mol

Decrease the methane concentration
Diecrease the temperature
Diecrease the pressure

Add a caralyst

115

The conditions favouring the decompaosition of
aminonia are

A
B

low pressure and low temperature
high pressure and low temperature
low pressure and high temperature

high pressure and high temperature.

Iodide ions are oxidizsed by acidified nitrite
wons according to the equation

INO, + 21T +4H" = 2NO + 1, + 2H,0
Addition of sodium ethancate to the reaction
mixture slows down the formation of iodine.
The most likely explanation for this effect is
that ethancate ions

A remove iodine
B reduce the concentration of iodide ions
[ react with nitrite ions
v react with hydrogen ions.
In the equilibrium N, O (g} = 2NO,(g) the

forward reaction is endothermic.

Which one of the following causes an increase
in the value of the equilibrium constant?

A The removal of NO,
B Anincreaze of pressure
C A decrease of temperature

I Anincreasze of temperature

When one mole of phosphorus pentachloride
was heated to 323K in a closed wvessel, 30%
dissociated as shown.

PCLig) = PClL(g) + Clig)

How many moles of gas were present in the
equilibrium mixture?

A 05
B 10
cC 15
D20
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16. CH;COOH + C,H,0H — CH;CO0C,H; + H,0 18 N,0,(g) = 2NO,ig) AH"=+57k]mal" 21, The reaction
The above reaction can be said to have Which of the following will increaze the CO(g) + 3H,(g) = CH,ig) + H,0(g)
reached equilibrium when equilibrium constant for the reaction? has an equilibrium constant of 3-9 at 950°C.
A the equilibrium constant K is equal to 1 A Use of a catalyst The equilibrium concentrations of CO(g),
B  the reaction between the acid and the B Increase of pressure H,(g) and H,0(g) are given in the table.
aleohol has stopped
 Increase of temperature Equilibrium
C  the concentrations of the products equal Substance cuncentrationfmull_l
those of the reactants v Decrease of temperature
COg) 0500
I} the rate of production of ethyl ethanoare
equals its rate of hyvdrolysis. 19.. The equilibrium constant for a particular H,(g) 0-100
hydrolysis reaction has the value 3 x 10% at H,O(g) 1-040
25°C. From this we can conclude that, at 28
25°C, this hydrolysis reaction is
17 When sulphur dioxide and oxvgen react the A fast What " the %Fulljhfut,m concentration of
B e - . o CHy(g), in moll™, at 950°C?
following equilibrium is established. B feasible
250,ig)+ 04(g) = 250,(g) C  exothermic A 0-049
The equilibrium constant for the reaction is I endothermic. B 0-200
3300 ar 630°C and 21 ar 850°C. C 4-90
Which line in the table i1z correct for the D 200
reaction? 20. When sulphur dioxide and oxvgen react the
following equilibrium is established.
Prod - 280,(g) + O4(g) = 280,(g) 22. At a particular temperature, 5-0 mole of NO,
Ly 5 —_ . Itre AT ¢ o W
Sign of AH rocuct yie ‘ o= The equilibrium constant for the reaction is was placed in a 1 litre container and the NO,
temperature Increases 3300 at 630°C and 21 at 850 °C. dissociated by the following reaction:
A + decreases Which line in the table is correct for the INOig) = 2NO(g) + O,ig)
. reaction? T . - .
B + INCreases At equilibrium the concentration of NO{(g) is
. -1
C _ decreases 20 mol ™.
.. Product vield as The equilibi _— ill have a value of
D _ increases Sign of AH temperature increases e equilibrium constant will have a value of
A + decreases A O-11
B + increases B 022
C decreases C 013
18] — )
increases D 900,
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The diagram below represents an equilibrium

mixture for the reaction

N, (g} + 0,(g) = 2NO(g)

What is the value of equilibrium constant?

A 0-083
B 0-30
c 20
D12

ApClis) — .thlfalq} + Cl-{ﬂq}

The solubility product (K} for silver chloride
is given by the expression

K, = [Ag'(aq)] [ClT(aq)]
The formula mass of ApgClis 143-4.
K, =1-80% 1t ge 25°C.

The solubility of silver chloride, in moll™, at
25°C s

1-80 = 107

B 360 =107

C  13x107

D 268 %107,

b

. The reaction 26.

Cig) + 3H,(g) = CH,(g) + H,O{g)
has an equilibrium constant of 3-9 at 950°C.

The equilibrium concentrations of CO{g),
H,ig) and H,O{g) are given in the table.

Substance nunci?:ri:tt;;izfﬂul It
COMg) 50 % 1072
H,(g) 10 % 107
H,0(g) 40 % 107

What 15 the eguilibrium concentration of
CH,ig), in mol I, at 950°C?

A 20%107
B 49x107°
C 3lx107
D 49x10™

The reaction

The equilibrium concentrations of CO(g), H,(g) and H,0(g) at 950 °C are given in the

table.

CO(g) + 3H,(g) = CH,(g) + H,0(g)

has an equilibrium constant of 3-9 at 950 °C.

Substance Equilibrium concentration (mol (")
Co(g) 5-0 x 107
H,(9) 1-0 x 107
H,0(g) 4-:0x 1073

What is the equilibrium concentration of CH,(g), in moll™, at 950 °C?

A 49x107"
B 31x107%
C 49x10°
D 20x107
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Dinitrogen tetroxide, N,0,(g), dissociates to form nitrogen dioxide, NO,(g), according to the 2. e i : -
Saation. Consider the following reaction.
N,O(g) = 2NO,@g) CS,(g) + 4H,(g) = CH,(g) + 2H,S(g)

0-28 mol of N,0, gas is placed in an empty 1-00 litre flask and heated to 127°C. When the At 900°C the equilibrium concentrations are:

system reaches equilibrium, 0-24 mol of NO, gas is present in the flask. 4 ;
[CS,]=0:012 molI” [H,]=0-0020 mol I”
[H,S]= 0-00010 mol I [CH,] = 0-0054 mol 1™

(a) Write down the expression for the equilibrium constant, K, for this reaction.
(a) Write down the expression for the equilibrium constant, K| for this reaction.
(b) Calculate the value of the equilibrium constant, K| at 900 °C.
(b) Calculate the equilibrium constant, K, for the reaction at 127 °C. 3

() At 25°C, the numerical value of the equilibrium constant for this reaction is 0-12.

Explain whether the forward reaction is endothermic or exothermic.
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The expression for the equilibrium constant of an esterification reaction is 4. Difluoromethanimine, FN = CHF, can exist in two isomeric forms.
When a sample of the trans-isomer was dissolved in an organic solvent at 22°C it was slowly
converted into the cis-isomer. After 7 days, 95% of the trans-isomer had been converted and no

__ [CH,COOCH,CH;] [H,0]
[CH,COOH] [CH,CH,OH]

further conversion occurred thereafter.

(a) Write the chemical equation for this esterification reaction. {a) Calculate the equilibrium constant for the conversion of trans-difluoromethanimine into

itz cis-isomer at 22 °C,

(b) In an experiment to determine the value of the equilibrium constant, 0-70 moles of g ] . : .
- id and 068 | £ ethanol w ed i Bl B s aemens (B) Suppose a sample of cis-difleoromethanimine was dissolved in the same organic solvent at
EMISIOIC AcicC. A HICHN, 0, SRTMAN. Wete UMD 1N A COIOL TaeE. 308 s e 22°C. Predict the percentage amount of the eis-isomer present in the solution after 7 days.

stoppered to prevent the contents escaping and then placed in a water bath at 50 °C.

At equilibrium the mixture contained 0-24 moles of ethanoic acid.

(1) Why is it important to prevent the contents of the flask escaping?

(i1) Calculate K at 50°C.
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Hydrogen gas and iodine gas combine directly to form hydrogen iodide, HI(g). 6. lodine solutions are prepared by dissolving iodine in aqueous potassium
At constant temperature, an equilibrium is established. iodide. The following equilibrium is established.
H,(g) + 1,(g) = 2HI(g) L@qg) + I(agg = I, (aq)

(i) Write the expression for the equilibrium constant, K. (i) Write an expression for the equilibrium constant, K, for this
reaction.

(i) * 0.25 moles of H,(g) and 0.25 moles of |,(g) were mixed in a sealed
1.0 litre reaction vessel. At equilibrium, 0.015 moles of 1,(g) were
present. (i) . A solution of iodine was prepared by dissolving iodine in

Calculate the equilibrium constant, K, for this reaction. 2 0-239 mol ™" aqueous potassium iodide.

The following data was obtained by analysing the equilibrium
mixture.

[I,(ag)] = 1-21 x 107> mol I’
[1,(ag)] = 0-116 mol "

Calculate the equilibrium constant, K, for this reaction.
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7. Sulfur trioxide and sulfur dioxide are two oxides of sulfur. (ili) The experiment was repeated at the same temperature, T, using

0.700 moles of sulfur trioxide in a sealed 2.00 litre container.
Sulfur trioxide decomposes to form sulfur dioxide and oxygen.

State the effect of this change in volume on the value of the equilibrium
250,e) = 250,(g) + Ofe)  AH=+19 kimol" constant, K.

(i) Write an expression for the equilibrium constant, K, for this reaction. 1

(iv) The experiment was then carried out using 0.700 moles of sulfur trioxide

(i) In an experiment to determine the equilibrium constant, K, 0.700 moles in a sealed 1.00 litre container at a different temperature, T;.
of sulfur trioxide were placed in a sealed 1.00 litre container and heated
to temperature T7.

o , , Explain fully whether T} is a higher or lower temperature than 7T,.
At equilibrium the mixture contained 0.125 moles of O,.

The equilibrium constant, K, had a lower value at T, than at 7.

Calculate the equilibrium constant, K, for the reaction at 7. 2
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Oceans are essential in reducing the concentration of carbon dioxide in the
atmosphere. Around half of the carbon dioxide produced by burning fossil fuels
dissolves in the surface water of oceans.

Carbon dioxide dissolves in water to form carbonic acid, H,CO,(aq).
H:O() + COy(g) = H,C0:(aq) AH —ve

Explain the effect rising seawater temperatures will have on the concentration
of CO, dissolved in the oceans.

9.

Phosphorus forms different compounds with chlorine.

When heated, phosphorus pentachloride dissociates to form phosphorus
trichloride and chlorine.

PClie = PCL(® + CLg AH = +124 k) mol ™’

In an experiment to determine the equilibrium constant, £, 0-100 mol of

PCl, was placed in a sealed 1-00 litre flask and heated to 250°C. At
equilibrium 0-0420 mol of PCl, had been formed.

(i) Calculate the equilibrium constant, K, for the reaction at 250 °C.

(ii) The temperature of the equilibrium mixture was increased to
400°C.

Explain the effect of this change in temperature on the value of the
equilibrium constant, K.
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10. Aldehydes and ketones can exist in two forms, a keto form and an enol form.
For example, the aldehyde ethanal exists in equilibrium with its enol form,

ethenol.
0 OH
4 _
HyC—C — H,(=C K=3-0x10"
\ \
H H
ethanal ethenol
(keto form) {enol form)

These two different molecules are known as tautomers.

State which of the tautomers is the more abundant in this equilibrium. 1

10
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1.D 1. a) K= [NO2J
2. A [N20:)
3.C b)
4. C Nan(g)\:‘ 2NO2(g)
5 B v o"';:’;'f..
. no of mol of N,O, at equilibrium = 0.28mol - 0.12mol = 0.16mol
6. A _INO:E _ (0.24¢ _ 00576 _
K= [N.O,] ~ 016 ~ 016 =036

T.A c) Foerward reaction is endethermic as decreasing temperature favours reverse reaction
8.C
9.0 20) o [CHallHsST
10. D [CS52] [He]
1. C

b) 28125 - LCH:] [H25)  (0.0054) x (0.00010)> 5.4x10™"
12.C T O[€s:][H.]* T (0.012) x (0.0020)* T 19x 10
13.D
14. D
15. C 3a CH3;COOH + CH3CH,OH — CH3COOCH,CH; + H;O
16. D b (i) System will not reach equilibrium
17.C

(ii) 40 Ethanoic Acid Remaining at equilibrium = 0.24mol
18. C - -. Ethanoic acid reacted = 0.70 - 0.24mol = 0.46mol
CH:COOH + CHiCH:O0H — CH:COOCH:CH: + H:=0
19- B‘ 1mal Imol 1mal 1mal
0. 46mal Q4é6mal 0. 44mal 0 4émol
20 C -.0,24mol remaining .. 0.22mal remaining
21 A _ [CH:COOCH:CH:] [H:0] ~ 0.46 x 0.46 40
: " [€HsCOOH] [CHaCH:0H] ~ 0.24x022
22 A
[cis-isomer] 95%

23.D 4a) 19 K= [trans-isomer] 5% B
24.D

If starting position was 100% cis-isemer then the equilibrium would shift to left to
25. B b) 95% get back te equilibrium position of 95% cis-isomer and 5% trans-isomer

26 C 11



Equilibrium Past Paper Answers

I 2
() k=t
[He] [T]
(ii) 9818 Iz at start = 0.25mol I: at equilibrium = 0.015mol
- Izreacted = 0.25mol - 0.015mol = 0.235mol
Ho + I — 2HI
1mol Imol 2mol
0.235mol 0.235mol 0.470mol
(reacted) (reacted) (formed)
Hz remaining at equilibrium = 0.25mol - 0.235mol = 0.015mol
HIP 0.470)
K= [HI] = ( ) = 9818
[Hz] [I2] 0.015 x 0.015
(o 1I5]
6. (i) [T2] [I7]
Assuming a 1 litre container:
[Iz] 1.21x107 = 0,00121 mol I (in question) [Is] = 0.116 mol I'* (in question)
(i) 779 [KT] = 0.239 mol 1! - [I7] = 0,239 mol I (at start)
I, + I — Is
Imol Imal 1maol
0.116mal 0.116mel 0.116mal
(used up) {used up) (formed)
but 0.116mel I used up in reaction se 0.123mel I" remaining at equilibrium,
Assuming 1 litre container, [I°] at equilibrium is 0.123mol 1
Iy 0.11
ECV . 6 = 779.4
[I:][I'] ~ 000121 x 0.123
. [S0:]*[0:]
71 =
(i)« [SOT
2503 _ 2502 + 02 no. of mel 50, unreacted = 0.700mol - 0.25mol = 0.45mol
- 2mol 2mol 1mol K= [SO:P[02] _ _[0.25]% x [0.125]
(i) 0.0386 0.25mol 0.25mol 0.125mol T s0sE [0.45]
[reacted) [farmed) (farmed)
(i) Mo effect Only changes to temperature affect the equilibrium constant. Increasing volume will only decrease
pressure and affect position of equilibrium.
(iv) reaction is endothermic Equilibrium shifts to the left

12
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8. Concentration of dissolved CO: decreases as equilibrium moves to left.

9. () 0.0304 PCls — PClz + Cl:
1mol Imol 1mol
0.0420mol 0.0420mol 0.0420mel

(reccted)

no. of mal PCls unreacted = 0.1000mel - 0.0420mel = 0.0580mal
[PCIs] [Cl2]  [0.0420] x [0.0420]

K= =0.0304
[PCIs] [0.0580]
(i)  More forward reaction Increase in temp favours the endothermic reaction (forward reaction)
Value of K increases More products formed and less reactants remain
0. Ethanal As the value of K is well below 1 the equilibrium must lie well to the left.

13




