SECTION 10 Cheimical Equilibrium

Multiple-Cholee Quastions

ASLOS(1)_01

[1n whichs of the following systems will ilic equilibrium posilion shifts to the lefd in tesponse to an
increase in pressure of the syslem?

A, COyg) + HLOQ) === HCOinq

B. Hag} + Chi{g) == 2HCHg)

C. 4Pe(s) + 3Qug) == 2Fe:03(s)

D, 280s(g) = 280g) + Oug

DSE1ISP 29
Consider the following system al equilibrinm:

Alg) + 2B(g) == 2C() AH =4200 ki mof™!

What would be the effect on the rates of (he forward and backward reactions if the temperature of
the system were lowered?

Forward reaction rate Backward renclion rate
A, Decreases Increases
B, Decreases No change
(Y Decreases Decreases
D, Increases Decreases
DSELISP_35
1* statement 2% statement

Catalystz are used in many industrial Catalysts would not affect the percentage of the
processes. product in the equilibrium mixture,

DSEI2PF 26
A mixture of N20s{g) and NOu(g) is allowed to attain equilibrium in a gas syringe at room
temperature:

MNaOy(gy ===  INO:Ag)
Light Dark
brown brown

The gas mixture in the syringe is compressed rapidly, Which of lhe following statements correctly
describes the expecled observation?

A. The colour of the mixture becomes paler,

B. The colour of the mixture becomes darker,

C.  The colour of the mixture becomes paler instantancousty and then darker.

D.  The colour of the mixture becomes darker instantancously and then paler.
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DSE{2PP_31

Which of the fotlowing isfare characteristic(s) of chemical equilibrium?

(1)  When a catalyst is added to an cquilibrium mixture, the equilibrium position changes.

(2} When cquilibriunt is attained, the rate of forward reaction and that of backward reaction aro

equal.
{3) Equitibrium can be attained from either direction of the reaction.
A.  (lyonly B. (2yonly
C.  {1yand{3)only D, (2)and (3) only
DSEI2_26

The concentration-time graph for a certain chemical reaction in a closed vessel of fixed volume is
shown below:

]
=, !
- El
T - b
5 p il i
e
]
g . L/
'
g 7
7 . Q(g})
Loyl ——
0 10 20 30 40 50 60

time /g

Which of the following chemical equations cotrectly represents the reaction?
A Pg) — Q) B. Q@ — P@
C. P — 20() D. Qg —= 2P(g)

D Em = 5Y,ffRd 57 Usite
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DSEL2_27

In a | din® closed container, [ mole of Xa(g) undergoes decomposition to form X(g) until
cquilibrium is attaincd, The chemical equation concerned is shown below:

Xaxg) == 2X(g)

Which of the following graphs correctly shows the variation in concentration of Xa(g} and X (i)
with time?
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DSE13_35

[ statement
Increasing reaction temperaturs can licrease
the yield for alf reversible chemical reactions,

2 statemsent
Increasing reaction temperature can shorten the
time needed to attain cquilibrium for all
reversiblo chemical reactions.

DSE13_27
Xafg) +3Ya(g) == 2XYi(g)

A mixture of X2(g) and Ya(g) was introduced into a 2.0 dm? closed vessel kept at a tixed
temperature. When the system attained equitibrium, the vesse! contained 0.4 mol of Xa{g), 0.3 mol
of Y2(g) and 0.4 mol of XYa(g).

Which of the follewing is the numerical value of Ke for the above reaction at this temperature?

A, 33 B. 6.7

C. 48 D, 593
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DSEI3 28
Xa(g) +3Ya(g) = 2XYi(g)

Which of the following combinations shows the effects of a catalyst on the rate of forward reaction,
rate of backward reaction and the yield of XY3(g)?

Ra fi rdl reaction  Rafe of backward reactio Yicld of XY3(g)
A, Increased Increased Unchanged
B. Unchanged Unchanged Unchanged
& Increased Decreascd Increased
D. Decreased Increased Decreased
DSE14 26

Counsider the information below:

Reaetion Equilibrium conslant at 25°C
Afag) + B(ag) = C(aq) +Dfaq) : &
Claq) + D(aq) == E(uaq}+ F(aq) + Glaq} K2
E(zq) + Faq) + Glaq) == Alaq) + B(aq} K3

Which of the following combinations is correct

Relationship of K), K and K Unitof &3
L -1
A, Ky = %Xk mol dm
B Kz = . . mol™ dm*
’ BT K Ky
€, Ky =Ky %X Kz ol dm™?
D. Ky= Ky X Ky mol~! din®
DSE14_3t

The foltowing system atlained equilibrium at a certaln temperature:

280(g) + Oofg) = 280s(g)

Which of tie fol{owing statements is / are correet when the volume of the system is decreased
while the temperalure remains unchanged?

(1) The value of K« increases.

(2) The cquitibrium position shifis to the right.

(3) The rate of decomposition of SO3(g) increases.
A.  (Donly B.
C. (!)yand(3) only D.

(2) only
(2) and (3) only
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DSE{4_35

1% statement 2™ statement
Al chemicnl equilibrium state, the forward At chemical equilibrium state, the vedctants
reaction rate equals zero, would not react to give the produets.
DSELS_27

Consider the foltowing reaction at a cerlain temperature?
2XYa(g) === X(g)+2¥a2kg) Ke=0.60 moldm™
Anp equilibrium mixture was obtained at this temperature as shown below:

10.0 din? closed container mixture of 1.0 mol of XY (g,

2.0 mol of Ya{e} and 17 mol of X:t g}

stopper —-— stopper
What is 4?7
A LS B. 3¢
C. 015 D, 030
DSELS_31

[n a closed container and at a cerfain temperature, the following equilibrium was attained:
COCl(g) === CO(g) + CCl(g)

Which of the following statements is / are correct 7

() €O(g) and Chig) must be of the same concentration,

(2)  The rate of deconposltion of COCL(g) is cqual to the rate of formation of CO{g).

{3y The cquitibrium constant K, for the reaction increasss when the volume of the container

increases,
A, (Donly B. (2)only
C. (1) and {3} only D, 2Yand (3) only
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DSE1S_33 (modified)
Censider the following cquilibrium reastion system in a closed container of fixed volume:

CO(R) +#0(g) === COag)+Ha(g) AH<O

Which of the followlng, when applied to the system, would lead to an increase in the rate of
formation of Hy(g)?

(1) adding CO(g)

(2) decreasing the temperature

(3) adding a sultable catalyst

A, (Donly B, {(2only
C. (P and (3)only D.  (2)and (3)only
DSE(6 26

The following reaction hes sttalned equilibrium in a fixed volume container:
CO) +HO%R) = COxg)+Hg)  AH=-411kJ mol!

Wiich of the following is correct if the temperature of the system is increased?
A, The pressure of the system remains unchanged.

B. Both the rates of forward and backward reaction increase.

C.  The zquilibrium constant of the reaction remains unchanged.

D. The respective yield of COx(g) and Ha(g) increase to the same extent.

DSELs 27
Consider the following equilibrium system:

Brafaq) + H20(l) = HOBr(aq) + H'(aq) + Br{ag)

Which of the following can turn the color of the system paler?
A, Passing HCI(g) into the system

B. Passing HB(g) into the system

C. Adding NaB{s) to the system

D, Adding NaOH(s) to the system
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Direction: Questions DSEI7_31 and DSEI7_32 refer to fhe following reaction invelving four
miscible liquids,

W) + X() == Y@ + Z(0)  AH=+45kJ molt
At 25°C, the equilibrium constant K. for the reaction is 2.5. In an experiment, 1.0 mol of W() and

£.0 mot of X(1) are placed in a closed container keeplng at 25°C. when equilibrium is atsained, the
total volume of the regction mixture is 0.20 dm?,

DSE17_31

How many moles of Y(I) would be present in the container when equilibrium {s atfained?
A, 044 B. 06!

c. 07 D. 083

DSBi7_32

When equilibrium is attained, which of the following would increase the number of moles of ¥¢i)?
(1) Removing Z(1} from the reaction mixture

(2)  Tncreasing the volume of flie container

(3}  Increasing the temperature of (lse reastion mixture

A, {Donly B. (2)only
C. (1) and (3) only D, (2)and (3) only
DSE17_34

Consider the following equilibrium systeny:
2Cr04¢(aq) + 2H'(aq) —= CnOs(ag) + H:0(l)

Which of the following statements are INCORRECT?

(1) [CrO¢(aq)] must be equal to [Cr0-(aq)].

(2} Both the forward reaction and the backward reactive have stopped.

{3)  The number of moles of Cr04*~(aq) must be double the number of moles of CrO7*(ag).
A, (1yand (2)only B, (1)and (3)only

C. (2end (3)only D, (), (2)and (3)
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DSEI8 26
Consider the following equilibrium system in a certain liquid medium at 25 °C:
CH3COCH; + HCN === (CH3);C{OH)CN AH> 0
Which of the following statcments is comect {assuming the fotal volume of the system remains

unchanged)?

A,  Adding (CH3}C(OH)CN would increase the equilibriinn constant Ke.

B.  Increasing (he temperature would i the ¢ tration of (CH3):C{OH)CN.

€. The concentration of CHiCOCH: must be equal te the concentration of (CH3):C(OH)CN.

D,  AfReradding HCN and when & new equilibrium s atiaited, the concentration of HCN would
be restored to the value before the addition of HCN.

DSEIR 29
The equilibrium constant . for the reaction

Nx0s(g) = 2NO:(g)
at 70 °C iz 0.13 mo! dm?, In & 5.0 dm’ closed container kept at 70 °C, there is a mixture of 0.20
mo} of N;O4(g) and 0.30 mo! of NO2(g) at & certain amount. Which of the following combinations
is correct at that moment?

Reaction quottent Q. / mol dm Rate of the reaction
A, 0.09 Backward > forward
B. 0.0% Forward > backward
C. 0.45 Backward > forward
D. 045 Forward > backward
DSEI19 26

Consider the following two reactions at a cerfain temperature:

Reaction (1) : CO(g) + HaO(g) === COi(g) + Ha(g) Equilibrium constant K= 0.8
Reaction (2) : COag) + Ha(g) === CO(g) + H20(g) Equilibrium constant K. =X

What is X ?

A, 08 B. 125

C. 0.8 morigm’ D.  1.25moldm?
DSE19_27

The decomposition of Hi(g) into Hag) and 1a(g) is reversible. In o closed container of 3.0 dm?
keeping at a fixed temperature, an equilibrivm mixture contains 6,10 mol of Hl(g), 0.60 mol of
Ha(g) and 0.60 mo! of L(g). What is the equilibrium constant X, for the decomposition at this
temperature 7

A 04 B. 36

C. 90 D. 360
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DSE19_25

Consider the following equilibrium system in a closed container of fixed volume:

A(g) + B(g) == 2C(g)
A small smount of B(g) is added at time t and finally a new equilibrium is aitained at the same
temperature. Which of the following graphs can represent the varistion of [C{g)} with time 7
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DSE20_26
26. Consider the information below :
Rerction Equilibrivm constant 2 25™C
HaA(q) w Hi(aq) + HAag) 13 % 107 mol dm™?
HA g ™ H'(aq) + A™{aq) 3.1 x 107 mol dm™
ZHA(sq)™ HLAGQ) + A (eq) X
‘What is the numericat value of X ?
A, 42 % 10°
B 24 % 107
C. 1.0 % 107
D, 25 % 10
DSE20_33
33 Refer to the following chemical reaction :
H,00) e Haq) + O (aq) AH> D
The pH of a pure water sample is 7.0 at 25°C. Which of the following statements is / are correct when the
sample has been heated to 50°C 7
(1) The {OH (ag)] of the sample is 1.0 % 107" mot dm™.
) The pH of the sample is smaller than 7.0,
{3} The sample remains nsutral,
Al (1) only
B. (2) only
& (1) and (3) only
D. (2) and (3) only
- F - 2 3 2 ; a P
3 { ] L 1 . L i [ i g A L

DSE21_31

3L

DSE21_32

32.

[

Consider the following reaction under certain conditions :

2Xa{g) ™ 3Xofg) K.~ 4.0 mol dm™

The reaction quotient is 2.0 mo! dm™ at a certain mament. Which of the following statements is / are

correct ?

{1} The reaction quotient is larger than 2.0 mol dm™ aRter a period of fime.

23 The backward reaction is faster than the forward reaction at that moment.

3) The concentration of Xz(g) must be equal to the concentration of Xs(g) at that moment.

(1) only
(2) only
{1} and (3} only
(2) and (3) only

oowe

Consider the following equilibrium system :

HA(aq) = H'(aqg) + A™(ag) AH>0

colourless pink

Which of the following statements is / are correct 7

o
@
&}

Adding Na:COx(s) would make its colour become paler.

Increasing the temperature would make its colour hecome darker,

Adding a few drops of concéntrated HCl(aq) would increase the concentration of A(ag).

{1yonly
{2} only
(1} and (3) only
{2) and (3} only
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Structural Questions
ASLIS(D)_03
The table below lists the equilibrium constants, K¢, for the reversible reaction,

Hag) + COxg) === CO(g + H0(g)

at three different temperatures.

Temperature / K. 500 700 900
Ke 7.76%107 1.23%197 6.03x107!
{a8) Based on fite above information, deduce whether the forward reaction is exothennic or
cndothermio.
{1 mark}
(b} 2.0 mol of Ha(g) and 2.0 mo] of COx(g) are allowd to seact in a 4.0 dwm® closed container,
Calcutate the conceniration of CO{g), in mo! diny? in the equilibrium mxiture at 700 K.
(3 marks)
{¢) State the effect of an jncrease in pressure on the percentage yield of CO{g). Bxplain your
BOswer.
{2 marks)
ALBOID_0da
Tn the Haber process, ammonia is synthesized by the exothenmie reaction of nifrogen and hydrogen
at around 723 K.

Ni(g) + 3Hx(g) == 2NH(g)

[n a simulation of the process, a mixture of nitrogen and hydrogen was placed in a closed container.
The initial concentrations of nitrogen and hydrogen were 0.50 mo} dm and 1.50 mol dm™
rospectively. When the equilibrivm was attained at 723 K, 25,0% of the original nitrogen was

copsumed.
i) Calculate the respective concentmtions of nitrogen, hydrogen and amsnonia in the
equilibrivm mixiure.
(3 marks)
(if) Caleulate K. for the reaction at 723 K.
{2 marks)}
(i) (D State, with explanation, the effect of temperature on K for the reaction,

(1 mak)

(I}  Explain why the Haber process is not operated at feraperatures much higher or
much lower than 723 K.

(1 mark)
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ASLOG(D)_04

An experiment, consisting of four stages, was conducted to determine the equilibrium constant Ko,

of an esterification reaction:

Stage 11 0.25 mol of ethanoic aeid and 0.25 mol of propan-2-ol were mixed in a pear-shaped flask.

1.6 cm? of this mixture was withdrawn and added to a conicat flask containing 25 em?
of defonized water. The contents of the conical flask were then titrated against 0.30 M
sodium hydroxide solution,

Singe2: A few drops of concentrated sulphuric (V1) acid were added to the remaining acid-

alcohol mixture in the pear-shaped flask wil shaking. 1.0 cm® of this mixiure was
withdrawn and immediately titrated against 0.30 M sodium hydroxide solution as i
Stage 1.

Stage3: Some pumice stanes were added to the pear-shaped flask which as then heated under

ceflux for an hour After rapid caoling, 1.0 om? of this mixiure was withdrawn and
immediately titrated against 0,30 M sedium hydroxide solution as in Stage 1.

Stage4: The remaining mixture in the pear shaped flask was heated under reflux for another half

an hour. ARer rapid cooling, 1.0 e’ of this mixture was withdrawn and immediately
titrated against 0.30 M sodiwm hydroxide as in Stage 1.

The table below lists the titcation results:

@
®

©

@

©

100]

Volume of 0.30 M NaOH(aq) used / om®
Stage | 36.80
Stage 2 36.90
Stage 3 17.55
Stage 4 17.15

Write a chemical equation for the esterification reaction.

(1 mark}
What is the purpose of adding concentmted sulphuric(V1) acid in Stage 2?

(F mark)
(i) Explain why the titration in stage 2 should be carried cut immediately.

(1 mark)
(i) Suggest a suilable indicator for the titration.

{1 mark)
Why are pumice stoncs wsed in Stage 3?

(1} mark)

Assunting that equilibsium had beesn atlained in Stage 4, caleulate K. for the eslerification
reaclion.

{4 marks)

Suggest what further actions should be taken after Stage 4 to confirm that equilibrium has

{1 mark)
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ASL01()_02
‘The energy profile of a reversible reaction

Ag) + B(g = Cg)

iz shown below:

potential energy

A{g)+ B(g)

C(g)

reaction coordinate

A mixture of A{g), B{g} and C(g) was allowed to reach equilibeium in a closed vessel with a fixed
volume,

State the effecls as listed in the table below of (i) adding a catalyst to the mixture, and (ii} increasing
the temperature of the mixture.

(i1} increasing the
temperature of the
mixture

(i} Adding a catalyst
1o the niix(wre

Effect on the rate of the forward reaction
Effect on the rale of the backward reaction
Effect on the equilibriumn position

ALOXI) Ola
The pH of hunan blood is maluteined within a nacrow range from 7.35 to 7.45 by a natural buffer
systeni consisting of carbonic acid, H:COx(ag), and  hydrogencarbonate ions, HCOs(aq).
0] A buffer solution containting H2COs{aq) and HCOx(aq) in equal concentrations has a pH
of 6.10. Calculate the dissociation constani, K, , for HaCOs({aq).

(2 marks}
(iiy  Cafeulate the ratio of concentrations of HCO37(aq) and H2COx(aq) in blood at pH 7.40,

(2 marks)
(iti) (1)  Would the blood pH of a person increase or decrease in the comse of physical

cxertion ? Explain your answer.

(2 marks)
(i)  Briefly explain why the HoCOs(aq) / HCOs{aq) buffer system can waintain the
bloed pH.
(1t mark)
09
| B39 £ 2 8| = = elA|
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ALO2(I)_ 028
A closed system consisting of a mixture of N204(g) and NOx(g) is nllowed to attain equilibrium at
350 K and 700 kPa. The mbxture has a light brown color.

N:Oifg) ~== 2NOx(g)

pale yeflow brown

describe the color change of the mixture when its temperature is increased under the same pressure.
Explain your answer.

(2 marks)
ALO2(I1} 03

AL 298 K, the equilibrium constants, Ky, for the reaction (i) and {2) below are 1.8%107 mol2 dut®
and 2.0%1071 mof? dur respectively.

Ag'aq) + 2NHb(aq) = [AgNH:):l'(aq) (1)
AgCls) = Ag'faq) + Ci(ag) @

(a) For cach of the reactions (1) and {2}, write an expression for its 1.

(2 marks)
(b} Calenlate the Ke at 298 K for the following reaction:
AgCils) + 2NHs(aq) == [Ag(NHa)al'(aq) + Ci(ag)
(3 marks)
(¢} Using your result in (b}, calewlate the solubility, in mol dm™, of AgCl(s) in 0.10 M NHi(ng)
at 298 K.,
{2 marks)

ASLO2(H)_09 (modified)
The dissociation of butan-1-amine In water can be represented by the following equation.

CHy(CHi):iNHz{ag) + HyO{) == CHy(CHNHs*q) + OH-(ag)

(a) Giveall acidic species in an agueous solution of butan-1-amine.
(1 mark)
(B)  The dissociation constant, K, of butan-1-amine is 5.9 x 10~ mo! dm™> ut 298 K. Caloulate
the pH of a 0.1¢ M agueous solution of butan-1-amine at 298 K,
(3 marks})

31
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ASLO3(D)_o1
HiPOu(aq) ionizes in theee stages to give HaPOy~(aq). HPO: " (aq) and PO (aq),
{)) At298 K, the dissociation constants, Ka, of HaPOu(nq), H2POs(2q) and HPO (aq) are as

follows:

K/ mol dm™
HiPOylaq) + H2O() == HaO'aq) + H2PO«(aq) 7.9%107
H:POG{aq) + H20() == HaO'(aq) + HPOs(nq) 6.2x10°
HPO(aq) + H:0f) === H;O%(aq) + POs*(aq) 4.4x10-1}

Explain why tie dissociation constant decreases wifh the successive loss of hydrogen fons.

{1 mark)
(b)  Sketch the expected pH titration curve when HaPOu{aq) is titeated with NaOH(aq).
{3 matks)
ASLO3(})_05
A1 298 K, the pH of a 0,10 M aqueous solution of bulanoic acid is 2.9.
() (D) Calouate the degree of dissociation of butanoic acid in the solution.
{2 marks)

(i) Caleulate the K. of butanocic acid at 293K,
{2 mncks)
)  25.0cm® of0.10 M butanoic acid is titrated against 0. 10 M sodiwn fiydroxide solution. Sketch
a graph to show he chauge in pH <uring the titration,
{3 marks)

ASLO3(I_L1
Caonsider the following reversible reaction:
NiOi(g) —
Colorless

2NOalg)
Dark brown

A gas syringe containing a mixture of N2Os(g) and NOx{g) was allowed to atlain equilibrium at
room ¢ . The syringe was then immersed in fce-water. The color of the
mixlure gradually became fighter.

(a) State the effect of decreasing the temperature on the rate of the backward renction. Explain

peralure and |}

your auswer.
(3 marks)
&) (i) Based on the given information, deduce whether the forward reaction is exotlicnmic or
endothermic.
(2 marks)
(ii)  Explain your answer in (1) in terms of chewmieal bonding.
(1 mark)
(c) Suggest a chemical method to dispose of the gaseous mixture in the syringe al the end of the
{1 mark)
312

Provided by dse.life




ASLOKI)_04 (modified)
(a) Write an equation, with state symbols, for the auto-ionization of water,

{1 mark}
(b) Write an exptession for the equilibrivin constant, Ko of auta-ionization of waler,
(1 mark)
(c) The table below lists the K, of water at three differcnt temperatues.
Temperature / °C Ky / mol? dm®
19 8.3 x 1071
30 1.5 % 10714
50 5.5 x 1¢71
{i) Calenlate the pH of pure water at 56 °C,
{2 marks)
(i} s pure water alkaline, neutral or aeidic at 50 °C, Explain your answer.
(1 mark)

i) With reference fo the given infonnation, deduce whether the anto-ionization of water
is an exolhermic process or an endothermic process.
{2 marks)

ASLO4(J0_08 ({Similar to DSEI7_11]
Chlorate(J) salts, in the form of NaClO or Ca(ClO)z, are commonly used as disinfectant.
(a) In aqueons solution, chlorate(l} ions undergo hydrolysis to give chloric(l) acid, HCIO(aq).
Write the chemical equation for the hydrolysis of chlorate(I) fons.
(1 mark)
{b) Many swimming pools se chlorate(l) salts to sterilize the pool water, The HCIO(aq) fornmed
is very effective for killing microorganisim,
(i} ‘The pH of a snmplc of pool water is 7.50 a( 298 K, Caleulate the ratio of concentration
of ClO(aq) to that of HCIO(ay) in tle sample.
(A1298 K, the dissociation constant, Ke, of HCIO(aq) is 2.95%10°* mol du.)
(2 marks}
(i) The concentration of HCIO{aq) in pool wafer increases with decrease in pH, yet the pH
of pool water should not be kept too low. Brielly explain,
(1 mark)
(€ (i} Writea chemical equation to represent the dissociation of HCIO in water.
(1 nark)
(i) Wil the equilibrum position of the system in () shifl upon the addition of wate? Specify
the direction of the shift, if any, and explain your answer.
(2 marks).
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ASLO4(II) 09 [Similar io DSEI8_13]

®

Plg)y reacts with Q(g) irreversibly to give (), A mixture of P(g) and O(g) is allowed to react

in & closed container of volunte 1 dm?® kept at a constant temperature, The graph below shows

the changes in concentration of P(g), O(g) and R(g) in the container with time, (P, O, R do |
not represent symbols of clements,)

0,60 - i -
7? 0.50
4 e
3 0.40 (IS
K |
B ) NN ; !
B 030 L ;
i ’ 3 B R
0.20 " : &
o.10 [HEEPEHHINGE ; SaREeduitasdie
: :g‘::l?ﬂ PHEL :
R 2 B 19l ) -
e S| 0
tiroe / misutes s>

(i) With reference to the above graph, deduce the chemical equation for the reaction in
terms of P(g), O(e) and Rig).
{2 warks)
(i) If the mixture of P(g) and Q(g) is allowed (o react at the same temperature bul in a
closed container of volume 2 du’ instead, will the fime requived for the 1enction to
compleie remain the same? Explain,
{2 wmarks)
(iii) Explain why the collision between molecules of 2(g) and Q{g) will not uecessarily lead
to a reaction.
{1 mark}
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()  X(g) reacts with ¥(g) reversibly to give Z(g). A mixture of X{g) aud Y(g) is allowed to react ALO5()_03b  [Similar to DSEI7_11}
in a closed container of volume 1 dm® kept at a constant temperature. The gtaph below shows Cyanidin (Cy) is a water-soluble plant pigment which can be found in blackberry, and Is responsible
the changes in concentrations of X(g), ¥(g) and Z(g) in the contalner with time. (¥, ¥, Z do for its purple color, The following cquilibrium exists in an aqueotss solution of cyanidin:
not represent symbeols of elements,) CyH*(aq) Cy(zq) + H'(aq)
0.60 red purple
; ® Write an expression for the acid dissocintion constant K, of CyH*(aq).
0.50 {1 mark)
'?T . G -t XTe) (i} Inasample of blackberry juice buffered at pH 3.0 at 298 K, the concentration ratio of CyH”
§ 040 2 to Cy(aq) was found to be 20 to 1. Calculate K, of CyH'(ag) a1 298 K.,
3 P (2 marks)
-.E_ 0.30/ ™ ’ (iiiy  Blackberry juice is offen preserved by adding small amount of SOx(g), which reacts with
8 by CyH*aq) to give colourless produdet, CySO;Ha(ag). The reaction can be represented by
- tite equation below:
g. 0.20 RN M CyH"(aq) + SO:(aq) + H:O() = CySO:sH(aq) +H(aq) (1)
g.10 : - Z(gyiLt. ; .. [} Write an expression for the equilibtium constant K¢ in reaction {I).
e i:“.j v al}' ; {1 mark)
0.000“ il ; e I'T = o ; (i When sufficient $Ox(g) is added to a blackberry juice buffered at pH = 3,00 at 298
X b ) ' time / mintes o v o K so that concentration of SOx(nq) nt equilibrium is 1.0 x 10°% mo! dm=>. the
) “ concentration of CyH*{sq) drops to one tenth of its origina! value,
() With reference to the above graph, deduce an expression for the equilibrim constant, Assuming that SOx(aq) does not react with Cy(aq), ealculate K. in reaction (1) at
K., for the reaction. 298 K. )
(2 marks) {2 marks)
(ify Compare the rate of forward reaction and that of the backward reaction
{1) atthe Sth minutes after X(g) and Y (g) are mixed. ASLOS(ID_08 [Similar ta DSE13_12)
(1 mark) Ya(g) undergoes decomposition according to the following equation:
(2) attho 3th minutes after X(g) and Y(g) are mixed. Yag) —= 2Y(g) AH>0
(1 mark)
(You are not required to perform any caloulation.) Two experiments were carried out to study the decomposition of Ya(g). In these experiments,
(i) if the mixture X(g) and Y(g) i allowed to react at the same temperature but in a olosed different amounts of Ya{g) and Y(g) were charged into a closed conlainter of volume 2 dm® kept at
container of valume 2 dny® instead, will the yield of Z(g) be the samo? Explain. a constant temperalure. The table below lists the initial numbers of moles of Ya{g) and Y(g) in the
(2 marks) container, as well as the number of moles of Y{g) present in the container after onc day.
. Initial number of moles Number of moles of
Experiment
Ya(g) Y{g) Y({g) after one day
1 4 0 2
I 0 4 s
() The reaction quotient Q of the system can be represented by the following expression;
e
T %]

.....For ench experiment, caleulate Q of the system afier one day. Hence. deduce whethor
The systemi had attained cquilibriom after one day.
{5 marks)
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(b} Consider experiment |
{1) will the yield of Y(g) be affected if the volume of the container is decreased from 2 dim?
to 1 dm®? Explain.
(2 marks)
{2} State the effect of an increase in temperature on the yield of Y {g). Explain.
(2 marks)

ASLO6(I) 04 [Similar to DSEI3_12¢}
The dingram below shows a gas sytinge containing a pale brown mixture of N2O4(g} and NOx(g) at
equilibrium at room temperature. '
N:Oulg) —_— 2NOx(g)
Colotless Drark brown
plunger rubber cap

A BN, ixtute of N:0:(g) and NOs(g)

In each of the following cases, stafe the sxpecled ebservation, with reason(s). Sketeh on the given

graph fo show the expected varintion in the concentration of NOy(g} in the mixture until the

aitainment of & new equilibrium,

(@) The plunger is quickly pushed from position A to position B at tinte G, while the temperature
of the mixture is kept constant.

Expected observation: NOL()]
Reeson:
Graph;

1]

(5 matks)

(&) Seme N;O4(g) is introduced inte the gas syringe ot time fy, while the volume and the
temperature of the mixture are both kept constant.

[

Expected observation: NOe)!
Reason:
Grapl !
i
5 time =
{3 marks)
i

ASLO6(I1)_12 (modified)
Propanoic acid is a week acid
(a) Explain what is meant by the term *weak acid’,
(1 marks)
(b Caloulate the pH of 0.20 M propanoic acid a1 298 K.
Given that
[H*(aq)}{CH;CH,CO0™(ag)]

- -5 -3
TCH, G, COOH(aq)] = 1.35 % 107" mol dm

K, of acid dissociation =

(3 marks)
(¢} Sketch a graph showing the change in pH of the sofution mixture when 25.0 cm® of 0,20 M
propanoic acid is titrated against 0.20 M aqueous sodium hydroxide.
(2 marks)
(d) When sodium propanoatc is dissolved in water, the following chemical equitibrium is
eslablished:

CH;CHCOO(rq) + Ha0() === CH;CH.COOH(ag) + OH™(aq}

(i) If K¢ is the equilibrivm constant of the above system, while Ky and Ky are the
equilibrium constants of the following reactions:

CHiCH:.COOH(ag) == CHiCH.COO(aq) + H(aq)
- [H* (ag)}{CH;CH,C00™ (ag)]
8 “JCH,CH,COOH(aq))

HiOag) == H'(aq) + OH {aq)
Ky = [H*{aq}][0H"(aq)]

K
Show that K, = 'E\i .
3

(1 mask)
(it}  For a 0.20 M aqucaus solution of sodium propanoate, caleulate
(1) The concentration of OH-{aq)
(3 marks)

(2) The pH value

{1 mark)
At 298 K, iostic product of water, Ky = 1.0x10-" mol? din®;
Kaq of propanaic acid = 1.35x10~° mol dnv?)

3%
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ASLO7(1)_04 [Similar to DSEI3_12]
The equilibrium constant K. for the following reaction is 0,20 mol™' dm’at 873 K,

CO(gy + Chig) ~ COCh(g)

A inixture 6f 2.0 mol of CO(g), 1.0 mol of Chi{g} ud 0.5 mol of COCly{g) is introduced inito an

cvacuated vessel of 4.0 din? kept at 873 K.

(8)  Calculato the reaction quotient of the systent at the start of the reaction. Then, decide the
direction in which the reaction will proceed to nchieve equilibrium,

(3 marks)
(b}  Calculate the concentration of COCl(g) when equilibrinm is attaincd at 873 K.
(3 marks)
(¢) Discuss the cffect on K, il the vofume of the vessel is d d whife keeping the
temperature of the system at §73 K.,
(1 mark}

ASLO8(I)_04
Consider the renction of Ha(g) with [:{g) at elevated temperature;

H(g) + hig) =~ 2HIiE)

4.0 mol of Ha(g) and 2.0 mol of I(g) were introduced into an evacuated 5.0 dm? closed container

keptat 713 K.

{a) Given that the cquilibrluny constant K. for the reaction is 5S¢ at 713 K, caleulate the
concentration of Hz(g), (g and HKg), in mol dm3, respectively in the equilibrium mixture.

(4 marks)
() Deduce the effect on the nunber of moles of HI(g) in the equilibrium mixture
(1)  Ifthe volunie of the container is reduced to 2.5 dm?;
(1.5 marks)
(1) If the initial number of moles of Ha(g) and 12(g) used are both 4.0.
(1.5 matks)

(You may asstme all other conditions to be the same in each case, and are not required to
carry out calculations,)

ASLOS(I 62
The equilibrivm constant Ke for the thennal decomposition of caleium carbonate is 2.7x10°* mot
dm? at 1006 K.
CaCOi(sy === Ca0(s) + COxg) AH>0
25.0 g of CaCOs(s) is introduced info a 5.0 din® evacuated vessel, and the system Is allowed to
aftain equilibringm at 1000 K.
{8) Write an expression of K. for the decomposition.
(1 mark)
318
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(b) Caleulation the percentage of decomposition of CaCO3(s) in the above equilibrium system.
(3 marks)
(c) Will the percentage of decomposition of CaCO;s(s) increase, decrease ov remain unchanged il
the temperature of the above equilibrium system is decreased? Explain your answer,
(2 marks)
(d) If more CaCOy(s) is added to the equilibrium system at 1000 K, will the cquilibrium
concentration of COx{(g) change? Explain your answer.
{I mark}

ALIOM)_02 (modificd)
Prom a saturated squeous solution of catcium hydroxide, several 20.0 em? aliguots of the solution
were withdrawn, Each aliquot was titrated with 0.100 ol dm~ hydrochloric acid using a suitable
indicator. The mean Htre were 9.10 e, Caleulate
(a) the concentration of hydroxide ions in the saturated solutions, and

{1 mark)
(b) the solubility of calcium hydroxide at the temperature of the experlment.
(2 marks}
(¢) tho cquilibrium constant (solubifity product) of calcium hydroxide at the temperature of
experiment,
(3 marks)
ALIO()_03

State the expected observation(s) in each of the following experiments, and account for the
observation with the aid of chemical equation(s).
Adding excess HaS04(aq) to KaCrOs(ag), and then excess FeS0s{aq) fo the resulting solution,

{3 marks)

ALIO(I1)_03
Amnionia is manufactured by Haber process:
Nofg) + 3Ha(g) === 2NHi(g) AH<O
(@) Inasimulation of the process, a mixture of 10 mole Na(g) and 30 mol Hx(g) is Introduced into
250 dny? closed vessel, which is kept ot 673 K and contains the iron catalyst. When the system

attains equitibrium, the mole percent of ammionia is 39, Caleulate
(I) ‘The equilibrium concentration of cach gas, and

{3 marks)
(1) The equilibrium constant, K., of the above reaction at 673 K.
(2 marks)
(I} Suggest TWO ways to increase the yield of ammonia when the process is put into industrial
(2 marks)
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ALLI(IT)_06
State the expected ebservation(s) in cach of the following experiments, and write the chemical
equation(s) of the reaction(s) involved.
@  HClaq) is added to K2CrOu(ag))
(2 marks)

ASLII() 06
Awmmonia is manufactared by the Haber process:

Ny(g) + 3Hyg) § HCygq = ~92 kI ol

in a simulation study of the process, mixture of Na{g) and Ha(g) were allowed to attain equilibrium
under five sets of reaction conditions, and the mole percent of NHs(g) in cach equilibrinm mixture
was recorded, The table below Hsts the results obtained in the five trials:

2NH,(g)

., | Initial mole ratio Reaction conditions niole percent of NHa(g)
el of Na(g) to Hz(g) |Temperature / K. |Pressure / atm | catalyst | in equilibrium mixture

1 {:3 473 10 Fe(s) 51

2 i:3 773 1000 Fefs) 58

3 13 473 1000 Fefs) a

4 108 713 10 -

S 1.8 773 1000 - ¢

(No catalyst was used in trials 4 and 5; a, b and ¢ represent the mole percent of NHs(g) in the
equilibrium mixture in (rials 3, 4 and 5 respectively.}
(= In which TWO trials would the mole percent of NH3(g} in the cquilibrium mixture be the
same? Explain your answer.
(2 marks)
(b}  Inwhich irlal would the mole percent of NHa{(g) in the equilibrium mixture be the highest?
Explain your answer,

(2 marks)
{c) The industrial operating conditions for the Haber process are as fottows:
Mole ratlo of Na(g) to Ha(g) 1:3
Temperature 673 K
Pressure 200 atm
Catalyst Fels}
Explain why this st of conditions is used,
{2 marks)
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ALB{I)_07 (modified) [Similar to DSEI6_16]}
For the reaction below,
2802(2) + Qo) =—= 2505(g) AH<O

The equilibrivim constant K is 1173 mol™tdn’ st 1100 K.

{a)  Amixtore of 0.20 mol of SO} and 0.20 mol of O2(g) is introduced into an evacuated closed
container, Calenlnte the volume of the syslem in order 1o achieve an 80% conversion of SO
to SOs(g) at LIOC K,

(4 marks}

{by If the above system is subjecied to each of the following changes. will the percentage
conversion of SOxg) to SOs(g) increases, decrease or remain uachanged? Explain you
answer in each cose,
@) Increasing the volume of the container

(1 mark)
(i))  Decrepsing the fomperalure

(1 maik)
(i) Introducing & catalyst

(1 mark)

ASL12(1)_0}
{b)  Account for the following observations and give the relevant chemical equation(s):

Word written on a paper using KSCN(aq) are invisible. When the paper is sprayed with
Fe¥*(aq), the wards appear blood-red. If the words are swritten with alkaline KSCN(ag) they
will turn orange-brown when sprayed with Fe**(aq).

(3 marks)

ASL2(M)_07
The equilibriunt censtant K. for the following reaction can be determined by finding the
concentration of 1-(ag) and that of S042-(aq) in the solution phase of the equilibrium mixture:
PhSOus) + 21{aq) === Pbl(s) + SO:*(aq)
{n)  Write an expression of K. for this reaction.
(1 mark)
(b}  You are provided with PbSO4{s) and standard Ki(ag). Outline how you wonid prepare, in a
schocl laboratery, an equilibrium mixture for determining K, at 313K,
{2 marks)
(¢}  The concentsation of I=(aq) in the solution phase can be found by titration using standard
AgNO3(ag). What trentment(s) on the equilibrium mixture isfare necessary before carrying
oul the titcatlons?
(2 ntarks)
(d) Given that the concentration of the standard Kli(aq) used is 0.100 mol dm? aund the
concentration of I"(aq) in the solution phase of the equilibrium mixture is 0.072 mol dm™,
caleulate Ko at 313 K.
(2 marks)
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ASLI2(II) 01 (modified)
Al 298 K, the dissociation constant K. for NHa(aq) is 1.8 x 10~ mol dm~>,
NHs(aq) + H20(l) === NHi*(aq) + OH-(aq)

(@)  Caloulate the pH of 8.10 mol dm™* NHi(aq) af 298 K.

(3 marks)

{by  Calouiate the molarily ratic of NHa(aq) to NH4Cl{aq) required for preparing a pH 10 solution
at298 K.

(2 marks)

(c)  Bilefly explain how the sclution in (b) can resist pH change upon addition of o small amount
of acid or skali,
(2 marks)

ASLI13(1) 04
Consider the followlng reversible reaction:
CO(g) + H:O{g) = COxr) + Hi(g) AH <0
0,10 mol of CO(g) and 0,10 mol of H20(g) were intraduced into a fixed-valume closed contalner
maintained at 700 K. When equilibrlom was attained, 74.0% of CO(g) was found to have reacted.
(a) Caleulate the equilibrium constant K for this reaction at 700 K.
(2 marks)
()  State and explaiu the effect of cacah of the following changes on the equilibrium
cancentration of Ha(g).
(i} Incroasing temperature
{1 mark)
(i) Introducing extra CO{g) into the container,
{1 mark)

ALI3()_01
() Blue cobali(Il) chioride paper is commonly used to test for the presence of water, The
addition of water tums the blue paper pink. The pink paper turns back to blue when it is
heated in an oven.
With the aid of a chemical equation, explain the above observations,
(2 marks)
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ASLI3(11)_03
You are provided with the equitibrium constants, K, at 298 K for reactions (1) and (2) below:
Kcat 298 K.
2.0 x 107" mol® dm™®
6.3 % 167 mol® dm™?

(1)  Mg(OMu(s) + aq = Mg"(aq) + 20H(zq)
(2) Ni(OHj(s) + ag === Ni*'(aq) + 20H(aq)
(@) Write the K¢ expression for reaction (1) and that for reaction (2).
(1 mark)
() At 298 K, o mixture of Mg(OH)a(s) and 0.010 mof dm™> NiSQi(ag) was stirred until the
following equilibrium was attained:
Mg(OHY(s) + Ni*(aq) == Ni(OHx{s) + Mg"(aq) (@)

(i} Write the K. expression for reaction {o) and ealculate the K¢ at 298 K.

(3 morks)
(i) Calculate tiie concentration of Ni**(aq) ions in this equilibrivm mixture,

(2 marks)

DSE{ISP_il [Similarto DSE14_13]

The table below lists the equilibrium constants, K., for the roversible reaction
Hig) + COxg) == CO{g) + H:O(g)

at three different temperatures.

Temperature / K 500 700 900
K. 7.76x1073 1.23x10- 6.03x10
{a} Based on the above iuformation, deduce whelher the forward reaction is exothermic or
endothermle,

(2 marks)
(b) 2,0 mol of Ha(g) and 2.0 mo} of CO(g) are atfowed to renct in 5 4,0 dm® closed container.
Caleutate the concentration of CO(g), in mal dm™3, in the equilibrium mixiure at 760 K.
{2 marks)
{c) State the effect of an increase in lemperature on the rate of the backward reaction,
{1 marks)

DSEI2PP_I3
In an expetiment, excess aqueous ammonia is added to an aqueous selution of copper(l}) sulphate.
The following equilibrivm is established and the resulting sslution is deep blue in color.
Cu**(ag) + 4NH(aq) == Cu{NH:}**(aq)

(@) Writs an expression of K. for this reaction.
€I mark}
(b)  If the above cquilibrium mixture contalns 0.0020 mol dm™ of Cu?*{aq) ions, 0.0814 mol

...8m7 of NHi(aq) and 0.0800 mol div? CuiNHa)«*(aq) fons, caleulate K. under the conditions

of the experinwent.
(2 marks)
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(¢}  When HySOs(aq) is added slowly to the equilibrivin mixture until in excess, a blue precipitaie
is formed and he precipitato subsequently dissolves in the excess acid forming a blue
solution, Account for these observations with the help of refevant chemical equation(s).

(5 marks)

DSEI2_13
Consider the reaclion represented by the equation below:
Fe¥(ag) + SCN-(aq) === Fo(SCNY*(aq)

Tn an experiment, 25.0 cm? of 0.010 M Fea{SOs)(aq) and 25.0 em® of 0.010 M KSCN{ag) were
mixed in a conical flask at room tempernture, and equilibrivm was attained.

(s} The concentration of Fe(SCN)*(aq) in the mixture was 0.0043 M when equilibutn was

altalned. Calcutate the equilibrivm constant K. for the above reaction at room temperalure.

{3 marks)

&) It is known that FePOu(s) is insoluble In waler, Suggest what would be the effect on the
equilibrium position if NaaPO4(s) is added to the equilibrivm mixture.

{t mark)

DSEI3_12 [Similarto ASLOS()_04b, ASLOT(II)_04s, b)
At 250 °C, the equilibrdum constant K« for the following reaction is 25 mol™! dw’,
PCh(g) + Chig) == PCli(g)

A 16 dnt’ sealed conteiner, which is maintained at 250 °C, inltially contains 0.50 mof of PClx(g),

0.20 mot of Clx(g) and 0.40 mot of PCls(g).

{8} Tor this system under the initial conditions, caleulate its renction quotient. Predict and
explain, under the initial conditions, whether the forward reaction rate or the backward
reaction rate would be greater,

(2 marks)

{b) Caleulate the concentration of Cli(g) when the system attains equilibrium at 250 °C,

(2 tmarks)

() 0.10 mol of Chig) is added to the equitibrlum mixfure in (b). Sketeh In the graph below. the
variation of {he concentration of Cla(g) with time until 2 new equilibrivm is attalncd. (Assume
that the lemyperature of the systens remains at 250 °C throughout the whole process.)

3
g
)
g
i
]
T time /s
addition of 0.10 mol of Cli{g)
(1 mark)
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DSE{4_13 {Similar to DSELFISP_IH]
Consider tho reaction represented by the equation below:
2NO(g) + Oxg) === 2NOyg)

(@) In an experiment, 1.02 nio! of NO(g) and 1.29 ok of Ox(x) are mixed in a 50.0 din’ closed
cohtainer mainfained at 980 K., When equilibrium is attained, 61.0% of NO{(g) is consumed.
(i) Caleulnte the equililrium constant Kc for the above reaction under the experimentat
conditions.
{2 marks)
(i) Discuss whether K would change i additional NO(g} is introduced into the above
equitibrium mixture.

(2 marks)
(b} The values of K. {in appropriate unit} for this reaction at different temperatines arc shown
below:
Temperature / K 600 700 800 900
K 6,88x 10% 2.97x10? 2.89%¢10° 4.68x 10
Rased on the above data, deduce whether the forward reaction is exothermic or endothernsic.
(1 mark)
DSEIS_1

Refer to the following chemical equation:
HO() == H'ag) + OH(rq) AH>0

Under fixed conditions, [H20(1)] is considered as a constant. In consideration of the definition of
Ko, [H )l OH(aq)] would alse be a constant.
(a) ‘The pH of an aqueous solution is defined as —log[H*(aq)]. The pH of water equals 7.0 at 298
K. Find, ot this temperature, the:
O [Eeal
{1 mark)
() [H'aq))l OH (s}
{2 marks)
&) [H20(D)] equals 55.6 mol dm> ot 298 K. Suggest why {H20(1)] is considered us a constam
with reference to the vahues of [H¥(aq)] and [OH(aq)}.

(1 mark)
(c} Explain whether the pH of water at 328 K would be less than 7.0. equal to 7.0, or greater
than 7.0,
(2 marks)
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DSE{6_10 [Similarto AL11(1)_07]
In an experiment, 2.0 mol of SOu(g) and 2.0 mol of Ox(g) are allowed to react in a closed container
maintained at 350 K. The chemical equation for the reaction is shown below:

280:(g) + Oufg) == 280s(g) AH =—198 kJ mol™

When the reaction altains dynamic equilibriwm, 1.8 mol of SOs(g) is obtained.

@

®

©

What is meant by the term ‘dynamic equitibrium’?

{1 mark)
AL 950 K, the equilibrium constant K. for the above reaction is 878 dm® mol. Calculate the
volume of the contniner.

(3 marks)
If the above equilibrium mixture is subjected to each of the following changes, will the
numbser of moles of SO:(g) obtained Increase, decrease or remain unchanged? Explain your
angwer it cach case,
(i) Increasing the temperalure

{1 mark)
(ii) Adding a suitable catalyst

(1 mark)

DSEI7_1t  [Similar to ASLO4(IT) 08, ALOS(I) 03b]
The equation below shows the lonlzation of 4-nitraphenol in water:

OH 0@
(aq) === ) + H'(q)
NO, NO,
4-nitrophenol A-pitrophenoxide {on
(colorless) (vellow)

At 25°C, the cquitibriun constant K for the ionization is 8.0x10°% mol dm™>,

(8)

®)

©

@

Write an expression for K.
{You may usc HA to present 4-nitrophenol and A~ to represent 4-nitrophenoxide fon.)
(1 mark)
When the above ivnization attains equillbrinm at 25°C, the pH of an aqueous of 4-nitcophenol
is 2.4. Calculate the ratio of the concentration of 4-nitrophenol to the concentration of 4-
nitroplienoxide ions in this solution,
(2 marks)
Suggest if there is any color change when NaOH(aq) Is added gradually into the solution in
(b). Explain your aoswer.
(2 marks)
Suggest one possible use of 4-nitrophenol is acid-base titration experiment, )
S R e e e b s
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DSEL8_13 [Simifarto ASL04(11)_09]
An experinsent was performed for a reversible reaction involving X(g), Y(g) and Z(g) in a closed
container of 2.0 dm’ at a constant temperature. The graph below shows the relevant experimental

data.
g i g g g ] 11
I
T, 0.80 10 B 10 O
8 070 aang
g 0.60 4N q -+ -
5 .50 il lEHA
.§ 040 Pas -+
& 030 =
g 0.20 41| M1 ,._._-;;;': ' _::-_
& 0.10 -HAHF
0.00 - -
¢ s 1] s 20
time / minnte
(8)  According to the graph, how do you know that the reaction is reversible?
(1 mark)
(6  Caleulate the equilibrlum constant K, for the reaction at the temperature of the experiment.
(3 marks)
{c) Comment on ihe following statoment;
“The rate of the forward reaction is zero of the 25" minmute qfier the start of the reaciion.’
{1 mark)
DSEI% 12 (Similaras DSEI2_I3]
Consider an equilibriuny mixture of the following chemical reaction:
Fe*{ag) + SCN(aq) = Fe(SCN)**(aq)
yellow  colourless deep red
(a)  Write an expression for the equilibrium constant K. for the reaction.
(1 mark)
(b) At a certain temperalure, the cquilibrium constant K. for the reaction is 1.08 X 10° dm?
meol~!, The equilibrium mixture is prepared by mixing 20.0 cm? of 0.030 M Fe(NOs)(aq)
with 10.0 cm? of 0.030 M KSCN({aq) in an acidic medium. Calculate the concentration of
Fe(SCNY*(aq) in the equilibrivin mixture at that temperature.
(3 marks)
(¢) Tt is kaown that the equilibrlum constant K. increases when temperature Increases.
Suggest and explain whether the enthalpy change of the reaction is positive, negative or
2C10.
(t mark)
(d) Whena little smount of Naa8Qs(s) is added to the equilibrium mixture, the colour of the

“wixture becomes palen, Explain this obscrvation,

(2 marks)
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DSE20_09
4 Consider the following reaction mizture 2t 25°C in g closed comtaingr of fixed volume ¢

2N = N0
brown colourless

) With reference to the table below, fate 8. Hence, ¢ i the equitibrion sonstam K for
the reaction & 35°C.
NO{g) N;Ou(g)
Concentration #t start / mol doy™? 0.0406 2.0010
Concentration #f equilibriom / el dm™ G¢.0323 4
{3 marks)
) The temperature of the mixture is increased to 55 °C and its colour evenwally wms darker,
Deduce whether the reaction above is endothermic or exothertie,
DSEZ21_09
9. An experiment was performed for a reversible reaction involving CHa(g), HaS(g), Ha(g) and CSxg) in a

closed container of a fixed volume of 2.0 dm® at a constant temperature. The equation for the reaction is
shown below

CHa(g) + 2H,58(g) = 4Hx(g) + CSx(g)

{a) Write an expression for the equilibrium constant X; for the reaction.
[ The number of moles of cach species at different times at that temperature are given in the table
below :

CHu(g) HaS(g) Ha(g) CSilg)

Initial number of moles 0.04 0.08 .08 .04

Number of males at equilibrium 0.11 0.02 0.025

[4; Fill in the number of moles at equilibrium for CHe(g) in the above table,

(i) Calculite the equilibrium constant K. for the-reaction at that temperature,

(i) If the volume of the closed container changes to 3.0 dm® while ali other experimental
conditions remain unchanged, explain whether K. would increase, decrease or remain

unchanged.
E3 5 » & 1 { Y - = - . ¥ 1 Z 4
L 4 t % 3 t e 4 k L ’
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32.

Consider the following equilibrium system :
2Cr04*(aq) + 2H*(aq) = Cr,07(aq) + H0(1)

Which of the following statements can demonstrate that chromium exhibits the characteristic(s) of
transition metals ?

1) Cr,07*(aq) ions are orange in colour.
2) Adding HCl(aq) would shift the equilibrium position to the right.
3) The oxidation states of chromium in CrO4?~ and Cr,O-*" are the same.
A. (1) only
B. (2) only
C. (1) and (3) only
D (2) and (3) only

Consider the following statements and choose the best answer :

1st statement ‘ 2nd statement
At chemical equilibrium, the concentration At chemical equilibrium, both forward
of reactants must be equal to the reaction rate and backward reaction rate
concentration of products. are equal to zero.
A. Both statements are true and the 2nd statement is a correct explanation of the 1st statement.

B Both statements are true but the 2nd statement is NOT a correct explanation of the 1st statement.
C. The 1st statement is false but the 2nd statement is true.
D Both statements are false.
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Steuctura! Questions
ASL99(1)_03
(®)  The reaction Is endathermie since the valuc of Kc increases with incrensing
tenmperature,

® Hig) + COxg) === COr) + MO
Befors / mol 2 2
At equil, / mol 2-y 2-y ¥ y
_ [CO(E)][H0())

¢ Ha(@1[C0: ()]

&
123x 107 = ?———)3 = y=0520mal
0.52¢
[co(g)] = T 0,130 mol dm™7
®)  Nochange.

Percentage yield only depends on the temperature.

ALSY(1Y)_04a
O] When equilibrinm is attained
Na(g)] = 0.5 % 0,75 = 0,375 mol dm~
[Hi(g)] = 1.5 — 3 % {0.5 x 6.25) = 1,125 mo! dm™
[NHx(g)] =2 % 0.5 x 0.25 = 0.25 wol dm™
G . INgs@) (0257
¢TI @IBEF  (0375)(1.125)7°
K. decreases with increasing temperature,

= 0.117 moi~2dm®

i
The reaction is exothenmic. » incrense in temperature will cause the
equilibrium position to shift to the tef,

(I}  The reaction proceeds slowly at low temperature, The yield of NHz is fow
at high temperaiure,
+ The procee is operated at around 723K,

ASLOB)_04
(®  CHiCOOH() + CH;CH(OH)CHs(l) == CH;COOCH(CH:.() + H.0()
(b)  Ascatalyst {o speed up the reaction,
(c) O] To prevent the disturbance of equilibrium position duc to the removal of
reactant / (o prevent the equilibrium state of reaction shifis (o the lefl due to
e removal of reactant.
() Phenolphthatein
{d)  As the anti-bumping granulc to ensuce the smooth boiling process,
{e) No. of mole of CH3COOH(D) in | c’® of mixture = 36.80%10°% x 6.30 = 0.011
[CH;COCH(D] = [ICH;CH(OH)CH; (1] = 0.011 + 1%107* = 11,04 mol dm™
[No. of mole of CHsCOOH() in [ em?® of iixduce after equilibriom
={17.15 - (36.90 - 36.8)] X107 x 6.30 = 5.12x10°

r——

1
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[CH3COOH(] = [CHH)CHOH)ICH(D)] at cquilibrium
=§,12%10"% + 1x107? = 5.12 mol dm~?
CHiCOOM{l) + CHCH(OH)CH() === CHyCOOCH{CHa):(f) + H2O)

Initial 11.04 §1.04
Atequil.  11L.04-y 1104 -y 592 5.92
=512 =512

_ _[CH3COO0CH(CHy) (DIH00)
= TCH, COORN][CH;CHOM)CH, ()]
(5.92)(5.92)
= GADEZ)
0] Allow the mixture heating reflux for another hour and ropeat the titration, If the
volume of Hirant used / amount of CHCOCH remained is unchanged, the
cquilibrium has been attained.

=134

ASLOL{) 02

(i} Adding a catalyst to (i} Increasing the

the mixture temperature of the mixiure
Effeet on the rate of the Ingrease in the same sxtent Increase in the smalfer
forward reaction extent

Effect on the vate of the Ingrease in the same extent | Increase in the larger extent

backward reaction

Effect on the equilibrivm remain unchanged Shifl to lelk (reactant side)

position

ALO2QD)_Ola
(6} HCOsx(ag) == HCO:s(rq} + H'(aq)
Atequil. / mol dm™> y y 1p-51¢
e [ [BCO5 ™ (aq)}{H * (aq)]
) [H,CO4(rq)]
In the solution, [HCO;~(aq)] = [HCO5(aq)]
& Ky = [H¥(ag)] = 10751 = 7,94 x 10~7 mol dm™3

G _[HCO, Gl @)
* = €0,
_,_ [HCO, (aQ)}10"740
SRt W NPTy
[(HCO; ()] _ 7.94x 1077
We0;Ga] - 10w

{Accept answer from 19.8 10 20.0)
{1 mark for method; 1 mark for answer)
@iy (O During physical exertion, the concentration of CO; in blood Increases.
The equilibriom . ... i
HaCO3(aq) === HCOs5(aq) + H(aq)
shifts to the right. » pH of blood wilt drop.
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(I} Blood contains high concentration of HCOy(aq) which reacts with H*
produced.
«pH of blood is maintained within the narrow phi range,

ALO2(1) 02a
Color of mixture b Tighter instant Iy b thiere is an expansion in volume.
As the reaction is endothennic, the color of mixture finally t dacker ¢

equilibrivm shifts to the right.

ALO2()_03

® _ _[As(NHS)," ()]
For reaction (1), Ky = The* (3] N ()]

For reaction (2), Ko, = [Ag* (ag}]iCl™(aq)]

ty Ag(NH;);* @)} [Ci~(ag)
For reaction (3), K e ;NZH:,(:(])]F Sl
Ag(NH3),"
= -[%HE%—:])F x [Ag*(aq)]{C~(ag)] = K¢t Koz

= 1,8%107 X 2.0%1071¢ = 3,6x10™3
(¢} Assuming that [[Ag(NH:)2) (aq)] = [CI-(aq)]

AgCis) + 2NHs(aq) == [Ag(NH:nT'Gg) + CI{ag)
0.4-2y ¥ ¥ mo! din™
IR (TGP ) | (ST I
36%107 = NGO Gio%y

y = 5.36x1087% mol dm™3
Solubility of AgCi(s) = 5.36x10~% mol dm™-*
{accept 5.3x 107 mo) dm* 1o 6.3x107 mot dnv™)

ASLO2(T)_09 (modified)
@) M0 and CHy(CH2):NH3* (aq)

®) CH3y(CHz):NFiy(aq) + H0() === CHy(CH2)NH;'(aq) + OH(ag)
Initial / M 0.10
Atequil. /M 0.10—y ¥ ¥
- 5.9 x 104 = [CHs(CHDsNE GO~ _ »?
. [CH,(CH;)sNH, (aq)] 010~y

y = [OH~(aq)]=7.68 % 10~
pH = 14— pOF = 14— log(7.68 X 10~%) = 1.9

ASLO3()_01
{a)  After the removal of a hydrogen fon, the comaining species has an addition negative
charge that alttaets the remaining hydrogen atoms more strongly.

{1

£13
{1

1
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(b) A

pH

volume of NaOH(aq) added

(2 marks for a curve showing the neutralization of HyPOs(eq), HaPO4(aq) and
HPOs*(aq) + | mark for Jabeling the axes)

ASLO3(1)_0S
@ @ vpH=29, «[H'(q}=10""M
CsHyCOOH(ag) === CiHzC00-aq) + H¥(aq)
At equii Ot M-y ¥ ¥
y=102"M
degree of dissocintion = 1072 + 0.1 = 0.0126
@ H'G@lCH,C00™(ag)] {19729y
< {C:H,CO0RGY)] 910 — 16729
=1.6x 107° mol dm—

pH

voluine of NaOH(ag) added -

ASLO3(I1)_1t
(a}  Backward rate will decrease.
Kinetic encrgy of the molecules decseases with deoreass in temperature.
Hence, the fraction ef coltiding molecules with K.E. greater than the activation
cncrgy becomes smaller,
[65 T (4) When the temperature of lhe mixture is lowered, the equilibrium position
shifts to the eft. The reaction is endothermic.
(i)  The dissociation of N204 requires breaking of covalent bond.
 the reaction is endothermic.

(3]

{1
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(c)  Treatthe gas in the syringe with NaOH,

ASLO4(1)_04 (modilicd)
(@) o) = HY{aq + OH (g
®  Ke=HGQ]IOHq]
© O =K = VEEX 107 mol dm 2 = 2,35 x 10~7 mol dm™?
pH = -log(2.35 x 107"} = 6.63
(i) Neuiral because {H' (ag)] = [OH(aq)]
(iiiy  The yalue of Kw inereases with temperatare. That is, energy is absorbed
when water undergocs anto-ionization. The process is endothermie.

ASLO4(I1) 08
(8} CiO(aq} + HO(l) == HClO@q) + OH(aq)
M () HCO@q) = HYaq) + ClO(aq)
o - I GICI0Gag)]
< [HGIO(aq)]
K. [00~(aq)]
[H*@a} ~ [HC0(ag)]
pH = 7.50, » [H'(aq)] = 10-"% mo! dm~?
[Cl0~(ag)} 2.95x 1078
[HCOGg)] 10778
(i) The low pH of pool water would cause eye irritation of swimmers.

= 0,933

) (i) HCIO(ag) =—= H¥ag) + CIO(aq)
(i) The equilibrinm position will shift (o the right.
There is a geeater number of aqueous speeies on the right, Dilution feads to
a decreaso In concentration of the agueaus species and the equilibrium
posifion witl shift to the right to counteract the effect of the chunge.

ASLO4(H)_09
(@ @) From the curve, 1 mole of P(g) reacts with 2 moles of Q(g) o give 1 motle of
R(g). )
Equation: P(g}) + 2Qfg) — R(g}
(i)  The time required will become longer.
In a larger conlainer, the concentrations of reactants become smaller and
hence the collision frequency deereases.
@iii)  Colliding ntolecutes will undergo reaction only if they possess an cnergy
greater than the activatlon energy and collide in the right orientation.
) @ From the curve, | mole of X(g) reacis with 2 molecules of Y{g) to give 2
moles of Z(g).
Bquation: X(g) +2Y(g) === 2Z{g)
[

Ke = RvaT

r
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@) (1) Atthe S* minute, forward rate is greater than backward rate.
(2} Atihe 35™ minute, forward rate Is equal to backward rate.

(iii)  The yield of product decreases.
With an increase in volume, the total pressure decreases. The equilibrium
position will shifts to the side with a greater number of moles of gases.

ALO5(I)_03b
O (1M D)
¢ [CyR*(ag))
G)  pH=3.00,{H']=103M
ASACL)) S
[Cy(aq)]
ey Qo] 107 o
CyCa)] ~ Ko
K. =6X1075M

i K _. [CyS0;H,(aq)][H* (2q)]
€7 [CyH*(a)]{50:{ag)]
an CyH' + 80; + 0 =" CySO3H; + H*

Atequil /M 0.ty 0.0l 0.9y 192
- [CySO3H, (a)[H* ()] . ©9y)(107%) _
© 7 [Cynt(ag)iSoy(aq)]  {0.1y)(0.01)

0.9

ASLOS(I)_08
(a) Experinent |

Yag) ~— 2¥{g)
Before / mole 4 Y
Afer | day / mol 3 2
Afer | day / mol dm™ 1.5 i
1”2 _2
=2t 22 = D moldm™?
@153
Experiment 2
Yag) -~ 2¥(@)
Befors / mole 0 4
After 1 day / mol 4, Y3
After | day / mol dm™ 2. 3 i/ 3
2
2 A 2
= Yenr = @: = mol dm~?

(@1~ 2/, 3

The system had already attained an equilibrium state becnuse the two reaction

quotients are the some.” 7777
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(by (1)  Yield of Y{(g) will decrease.
When the volume of the container deercases, the pressure of tho system
will incrense,
The tofal number of moles of gaseons products is greater than that of gaseous
reaciaats.
+ Increase in prossurs will cauise the equilibriom position to shift to the Jefl.
~ Less Y(g) will be formed.
{2)  The yield ol Y{g) will increase.
For an cndothermic reaction, increase in temperature will cause the
equilibrium position to shift to the right / will lead to an increase in the
value of K. & more Y(g} will be formed.
ASLO6()_04
{8)  Expected observation:
The brown color of the mixture turns deeper for a moment and then geis pater
gradually.
Reason:
When the plunger is moved from A to B, there is a decrease In volume and so an
increase in the conceniration of brown NOa{g).
A deerease in volume will lead o o shift in the equilibriun: position to the lefl, to
prod a 1t ber of moles of gaseous molecules, so that [NOx(g)]
decreases,
Graph
MNOLe) &_
t time
{6y  Expected observation:
The brown color of the mixture gradually gets darker,
Reason:

An fncrease in the concentration of N2Os will shifts the equilibrium position o the
right, so that {NOu(g)] increases.
Graph \

NO,(g)]

t time

)]

{11

{1
B}
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ASLO6(iT)_12 (modifled)
(@) A weak acld is an acid that only partially ionize in water.
®) R [H*{aq)}{CH;CH,C00™ (ag)]

¢ [CH3CH2CO0H(3Q)}

y?
62—y
y=1.636x 1073
pH = ~ log(1.636 X 1073) = 2.79

(&) o} s

135 x 1075 =

,where y=[H*(aq)}

\

R s i A
25
volume of NaOH{aq) added / em®
@ 0 K = [€H3CH,CO0H(ag}][OH " (aq)]
o= [CHZCH,CO0~ (aq)}

~ - [CH3CH,C00H (2] K
= I GCON @ i e, CH,C00- Gl ~ R

W [CH, CH, COOH(ag)][OH~(aa)]
¢ T [CHaCH,C00~ ()]
Lox107H g2
T35 X 165 02~y
[OH"(ag)] =¥ = 1.217X 1075 mol dm™®
(@) pH=14-pOoH
= 14 - log(1.217%1075)
=9.09

ASLO7(1T)_04

© I
Reaction quotient, Q = 28 A

Co@I0(8)] (%) (%)

= { mot! dw?
Q> Ko » Reaction will proceed to the lof} to achiove equiibrium.

b) Coy + Chig) =——  COClxg)
nitial / mol 2 | 0.5
At equil / niol 2ty +y 05—y
(= 1coCke)]
< {co@00a)

it
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——

—

= = &EE = =7 e
0.5 -4
0.20 = o—7——, sy = 0343
Gmaty Y
0.5 — 0.343
fcock(g)l= — = 0.0339 mol dm™3
{c} No change. K. is o cons{ant at a constant temperature.
ASLO8(1)_04
(} Ha(g) + (g} bl 2HKg)
Initial / mol 4.0 20 [
At equil / mof 40—y 2.0~y 2y
NG )
© 7 (@8]
@y}
50 = ————, Ly =187
G-ne-n Y

[Ha{g)} = 0.426 mo! dm=3

[I2{g)} = 0.026 mol dm™*

[Hl{g)] = 0.747 mo} dm™*

) @G No change.

There Is no change in the number of moles of gases in the reaction, No
shilting of equilibrivm position will result.

@iy  TIncreased
The equilibrivm position will shift to the right to give & greater number of
males of Hi(g).

ASLOY(IN_02
(@) Ke={COxg}}
(6}  Moles of COx(g) in the equilibrium mixture = 2,7%16-*% §

Moles of CaCQu(s) originally present =25 + (40.1 + 12 + 16x3) = 0.2498
27x107%x5

% dissociation of CaC0,{s) = 0,2498

X 100% = 5.4%

©) Decrease
The dissocistion is an endothermic process. A decrease in temperature will
cause the equilibrium position to shifl to the left resulting in a smaller
percentage of CaCO3(s) to undergo dissociation,

(d)  No. The equilibrium constant depends only on temperature, Adding CaCOi(s)
to {he systen wiil not affest the concentration of CO2(g).

AL10(1)_02 {modificd)
(a) [OH (aq)] in the saturated solution.
0.1x9.0
=20

= 0.0455 mol dm™3

r—

B3]
1

[

[4]
n

¥}
(1
[}
1%}
1%
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1%}
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()  Ca(OH)(s) == Ca*(aq) + 20H (ag)

0.0455

Solubility of Ca(OH),(s) = = 0,02275 mol dm™3

() Ca(OH)s) = Ca¥(aq) + 20H(ag)
o
[Ca** (aq)] = 0'0; >
Ke=[Ca?"(aq)][OH" (nq)}?
= (0.02275)(0.0455)* =4.71x107° mol® dm™®

= 0.02275 mol dm™*

ALIOT) 03 ’ g

Adding H2804(aq) to K2CrOs(ng) : the yellow solutton turn orange (Cr.07-).
2Cr04(aq) + 2Haq) = CnO~(ag) + RO

Adding FeSOu{aq) to the orango solution: it tums green (Cr*),

G6Fe? (aq) + Cr07~(rq) + 14H"(aq) —> 6Re¥ (aq) + 2Cr*(aq) + THO()

AL10QD)_03
@ O Mg) + Jib(g) === 2NHig)
Before / mol 10 30 -
At equil / mol 10~y 30-3y 2y
Tota} no. of mole of gaseous species = {10~} + (30 ~3y) +2y=40-2p
« mole percentage of NH3 = 39%
2y
B '4_6'-—2)"
+ concentration of NHa(g) = 5.6 (%2 + 50 = 0,2244 mol do™>
- concontration of Na(ag) = (10 — 5.61) + 50 = 0.0878 mol dm™
» concentration of Ha{aq) = (30 — 3%5.61) + $0 = 0.2634 mol dm™
(il K, = INHa®)* (0.2244)°
C S TL@IM@F  (0.0876)(0.2634)
=31.38 mol? dm®
(by  Incresse the pressure of the system
Renove ammonia by liquefaction and pass the untcacted Na{g) and Ha(g) back into
the reaction chamber.

=039, y=3561

-

.,

ALH(ID_06

{a) Observation: sofution changes franm yeilow to orange
Equation: 2004 (aq) + 2HYaq) == Cr07(aq) + H0()

ASLIKIN_oé

(@ Trsl2&5
Explanation: The mole ratios of Nz(g) to Ha(g) ar the same I the filve frials. ~ The

. equilibrium position of the reactlon is affected by temperature and pressure only. In

trint 2 and 5, both pressure and temperature arce the same, thus they have the
same yield of NHi(g).
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(3

Teial 3

Explanation: The reaction is exothermie, low temperature will favour the formation

of product,

There is a smatler number of molecules on the product side than on the reactant side.

Increase in pressure will favor the formation of product, In irial 3, the pressure is

greatest while the temperature Is lowest,

Any TWO of the following:

+  Under the operation conditions, the percentage conversion of Ma(g) to NHa(g)
is reasonably high and the use of catalyst can speed up the reaction.

s Operating the process at 200 atm (much lower than 1008 atns) ean help reduce
the matatenance cost of ¢the pipelines.

s Operating the process al 673 K makes the reaction to proceed at a reasosiably
fast rate without having a great increase on fucl cost.

ALII(l)_07 (modified)

@) 280:(g) +  Oxg) == 280ig)
Inltlal / meol 0.20 0.20 [1]
At equil. / mot 0.04 0.12 0.16
Ateguil /motdm= 004/, 032/, 8.167,
: 0.16y° g
__soer ) it
7 150,()1*[02(8)] (0.04)2 (0.1 z) oenoany -
vV v
V=88 e’
by @ Decrease. The no. of gas molecules oh the product side is smaller than that
on the reactant side.
Decrease in pressure will cause the equilibriom position to shifl to the left.

(i} Increase. The reaction is oxothermic, Decrease in temperature will canse the
equitibrium position to shift to the right.

(i)  No change. A catalyst will increase the rale of the forward reaction and that
of the backward reaction to the same extent and has no effect on the
equilibrivm constant.

ASLIz{) 0f
(b)  ‘The blood-red cotor is due to the formation of [Fe(SCNYJ*,

Fo¥*(aq) + SCN(aq) === [Fe(SCN)}I**(aq)
OH- fon binds more strongly with Fe®* jon than SCN- jon does,
If the solution is made alkaline, brown Pe(OH)3(s) will be formed inslead.

_Pe(aq) +30H aq) === FeOHp(s) .
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ASLI2(1)_07

@ _[s0 " @q)]

I EF

(b)  Add PbSOq(s) to the standard Kl(aq).
Stir the mixture thoroughly, and allow it to stand in & water bath at 313 X for &
leng period of time.

(¢}  Collect the superaatant solution by filtering off selids / decantation.
Pipette a known volume of the solution and transfer it to a (conical) flask.

@ PbSO4s) + 20(ag) == Pbls) + 50+
Initia! / mol dm? 0.100
Atequi) / mol dm™ 0.072 0.014
01-0.072

(50> (aq)leq=——5—— = 0.014 mol dm"?

50l 0014

k= Gar -~ ©om)?

= 2.7 (moldm™%)~!

ASLIZ2(IT)_01 (modificd)

() NHy(zg) + HO@) === NHa(aq) + OH-(aq)
Initinl / mol dm? 810
Atcquil /meldm™ 010y » y
NH,* (3] [OR " (ag)] ¥
K= = = 1.8 x 10"8
[NH3(ag)] 0.10—y

¥y =18x1076— 18 x 1065y
y = [OH™(aq)]=1.33 X 1072
pH=14—pOH =14 -Jog(1.33 X 1073} =110

b) NHi{aq) + H0() == NHi'(agy + OH (g
At equil / mol dm™? x » 104
_ [NHg @) [OH~(aq)]  [NH,* (ag)10™* -5
NG ey 0
[NH Y (agd] _
WG]

Hence, {NHi(aq)} : [NH (aq)] = 5.56

(c)  The solution contains both NHs(aq) and NHs*(aq) ions in farge amounts,
When a small amount of acid (or atkali) is added to the solution, the H'(aq) ions (or
OH(aq) fons) added with be consumed by the NHi(aq) (or NHy*(nq) ions).
The equitibrium position will shilt to the left (right_to counieract the chunge and
the change in pH is smail.
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— — = ~— C- ==
ASLI3(I)_04
(@) CO(g) + HO) == COfg) + Halg)
Initial / mol 0.10 0.10 - =
0.4 ~74Y
At equil / ol =) 0.026 0.074 0.074
=0.026

K

0074y
_eoiimae) _ Cv) _ oaray?
ICO@IM0] (o.o 26\ (W)
V.
=810
[ The forward reaction is exothennic.
Increase in temperature will shift the equitibrium position to the lefl thus
decreasing the concentration of Ho(g).
(i)  Kcis aconstant at n fixed temperature. When extra CO{g) is itroduced into
the contalner, moe CO(g) will react with H20(g) to maintain a constant value

of Ke. & Concentration of Hz(g) will incrense.

AL13(1) Ot
(€}  CoCliexHiO(s) === CoCly{s) +xH:0(})
pink blue
With the addition of water, the equilibrium position shifis to the lefl to give pink
CoClysxH,0(s).

Heating CoClaaxHaO(s) removes water, The equilibrium position shiits to the vight
to give anhydrous CoCla(s)

ASL13(I)_03
(a)  Reaction (1}

Ko = [Mg® @@)lOH ()}

Reaction (2)

Koz = [Ni* (aq)){OH@q)}
© ® _ [Mg® (a}

“7 [Ni* (aq)]
_ [Mg*@q)] _ [Mg** @q)][0H* (aq)]®? Ky

T NEHa)]  [NE*@Q)0HT @) T Ky

20 x 1071
= 53 %1010 = 3174603 = 3,17 x 10°®
D] Mg(OH)s) + Nit*(ag) == Ni(OH)(s) + Me(zq)
Initial / mot 0.010
At equil / mol 0.010~y +y

Mg@q] v
[Ni**(aq)]  0010—y
y = 3.15 X 107° mot dm—3

317 x 1%

r—
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DSEI1SP i1

(@) K increase wilh temperature. The equilibrivm position shifts to the right when
temperature I8 increased.
., the forward reaction is sndothermie,

{b) Ha(g) + COug) === CO(g) + H:0(g)
Tnitial cone. / mol dm™ 0.5 0.5
Equil conc. / mof dm™? 0.5~y 05—y y ¥
_ [Co(@)iH,0(g)]
¢ Ha(£)1[C0:(8)]
y?
1.23 x 107t

TO5-y)(05-3)
y = 0.130 mol dm?
{c) The rate of the backyward reaction Increases,

DSE12PP_13
@ __ [CuNDi* o)
T [Cu*(ag)] [NHa(aq)]
® 00800 e
KF_—_(O.()OZO)(O.UOM)* = 1.04 x 163 (mol dm™3)~*

{1 matk for answer; | mark for cotrect units)
© H804(aq) reacts with tho NHa(aq) present:
H'(aq) + NHi@q) —> NHy'(aq)
OR, HaSO04(aq) + 2NHifag) — (NH3}SOslaq)
Removal of NHs(ag) causes the position of the following equilibrium to shift to the
lofl,
Cu*(ag) + 4ANHi(ag) —= Cu(NH3)*(aq)
NHi(aq) is n wesk base:
NHi(aq) + H:0() = NHi%(aq) + OH (aq)
When [Cu®(aq)] builds up it will react with the OH-(aq) ions 1o give the blue
precipitate,
Cut(aq) + OH'(aq) — Cu(OH)fs)
When excess HzS04(aq) is added, it will react with the Cu{OH)(s) fornied to give
a blue solution,
(3 marks for chemical equations; 1 mark for explanation of the shift in
equilibrium position; 1 mark for the formation of blue precipitate))

DSEL2_13
@  [Fe* (aq)Tinihl ane mixing = 0,010 X 2 % 25 + {25 +25) = 0.01 M
[SCN~(aq)Jinsiist etter mixing = 0.010 X 25 + (25 +25) = 0.005 M

Pe'*(a) +  SCN(aq) === Fe(SCN)*(aq)
CInitial/mobdm™ 001 0005
Reacted / miol dm  0.01 - 0.0043 0.005 —0.0043
Ategm/ mol dar™? 0.0057 0.0007 0.0043
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_ [re(sCNy @@l 0.0043
¢ Rt (a)][SCN-(aq)]  (0.0057){0.0007)
= 1078 mol-! dm® (accept 1080 mol-! dm® | no mark for wrong unity

(b}  The equilibrivm position will shift {o the left hand side / reactant side.
DSE13_12
@ Reaction quotient = GBI 0:)‘;3 o5 moi~tdm3
=40 moi dm®
« Reaction quotation > K.
~ Backward reaction rate is greater than the forward reaction rate.
©)  Atequilibrium, the concentrations are:
[PCls{g)] = (0.04 — y) mol dmy>
[PCl3{g)] = (6.0S + y) mol dem™?
[Ch(e)} = €0.02 + y) mol dm™?
0.04—y -2
(0.05 + ¥3(0.02 + )
Solving cquation, y = 0.0052
ECIa{EY}oqm = (0.02 + 0.0552) mol dm> = 0.0252 miol dm~?
© .
3
£ .
@ .................
=
i |
T thne / s
addition of 0.10 mot of Chi(g)
“The final equilibrium Iovel of [Clz] should lie between the original level and the
tovel whest 0.1 mol of Clz was Just ndded.
DSE!4_13
[CYIR O] INO(g) + Oug) == 2NOyg)
Initial cone.: £.02+50 1.29:50
=9,0204 ={.0258
Bquii cone.: 4,0204%039%  0.0258 - 6006222 0.0204%0.61
=0,007956 =0.019578 =(.012444
K, = NG (2)}? (0.012444)°

NO(@F10:()]  (0.007956)2(D.019578)
=125 dm* mol™!  (accept 118~ 125) (not accept M1
...{aceept maximum 3 decimal places)

iy No citange, beeanse K is mdcpendcn! ot conccn!r’ﬂmn i cniy dcpends on

temperatuze,
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1
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{1}
{1

{1]

3d4

(b}  Asrcvealed from the dats, when temperature increases, Ko decreases. Therefore

the forward reaction is exotherniie,

OR, As highor temperature favors endothermie side of reaction, so the

forwavd reaction s exothermic,

DSEIS_li
@ @  log[H'(aq)] =70
[ a)] = 10°7 mol dim™
iy [H*q)] = OH(aq)] = 107" mol din?
[H @ OH(aq)] = (10 1677 = 187" mol? dn®
()  Because {HaO(D] >> [H*(aq)] and [OH-(aq)]

OR, Only a very small aisount of H0 is ionized to give H*(ag) and OH-(aq)

{c)  The pH of water would be less than 7.

The ionization of H>O(l) is endothernde. Increasing the temperature will shift

the equilibriom position to the right.

DSEIS_10

(a) At dynamic equiltibrium, the rate of forward reaction is equal to the rate of

brekward reaction, and not equals zero.
OR, At dynanic cquilibrium, reactants are converted to products and

producis are converted to reactants at equal rate. No net changs is

observed.

(b) 250a(g) i O:z(s) w= 2504(g)

Initial / mol 2 2.0
At equil, / mol 22y 2-y 2y
Atequil./mol  2-2(0.9)=02

&
(02) (2 1)

V=1192dn’ (Accepl: 12, 11,9, 11.92, 11,923, Not aceept: 12.0, 11.90)

© O Decrease. The reaction is exofhormic, lncrease in temperature will cause the

equilibrivm position to shift to the left,

(i)  No change. A catalyst will Incvease the rate of forward reaction and that

of backward reaction to the samie extent.
A catalyst has no effect on the equitibrium position,

DSEI7_11
@ [H* (ag)]{A~(aq)]
¢ [HA(aq)]
{Accept no siate symbols are given in the expression)

2-09=1i1 L8

1 5. 931
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In the solution, 2,4 = ~log [H* (aq)}
[H*(aq)} = 4.0 x 1073 mol dm ™
Aceept 3.98 X 107310 4.6 x 1072
4.0 % 1073 [A(aq))
8.0%1070 = — — =
{HA(aq)}
[HAGQ)]
S = 50000
[A~(a9}]
The cquilibrivm position will shift fo vight, when H' ions are consumed by
NaOH(aq).
(Also accept: The rate of the backward renction decreases / HA will deconipose to

(Accept 49750 to 50000)

compensate for the loss of H*, forming niore A)

HA is colorless while A is yellow. Increase in JA™] cause the solution ehanges from
colorless to yellow / the color/yelios color becomes niore intense,

Indicator / use to find out ihe end-point of acid-base titration,

DSEI8_13

{»)

(G

()

Nene of the final concentration of X(g), Y{g) and Z{g) is equat to zero,

OR X, Y, Z co-exist in the system, and their concentrations remain nnchanged
after a long period of time.

OR The concentralion of the reactant, Y, is still not equal to zero aller & long
period of time.

2¥(g) = IX@E + Zg

Ko X2 _ (0.60)*(0.20)

IGIE (030
1 mark for correct equation or K. expression
1 mark for correct final concentrations of X, Y and Z, and substituting the numbers

= 0,48 mol*dm™°

into the cxpression

i mark for corvect mmerical answer with correct unit, Not accept M2,

The stalement is INCORRECT.

At the 25" minute after the reaction has started, {he reaction attained dynamic

equitibrium.

OR The rate of forward reaction is equal to the rate of backward reaction (snd
both of rates are not equal to zero).

DSEI9_12

®

_ {Fe(SCN)**(aq)]
 [Fe** a][SCN~(aq)]
{State symbols not required)

K.

£ €=
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DSE20_09

9. (a) K.=[NoOu(g)]/ [NOA)Y i*
{NOax(g)Jeqm = 0.0323 mo! dm?

©— ~— r~— - rr

[Fe?" (aq) it after mistog = 0,030 % 20 + 30 = 0,020 M
[SCN‘(‘\Q)IHKH aftermixing = 0.030 % 10+30=0.010M
Fe¥{aq) + SCN-(aq) == Fo(SCN}*(aq)
Ateqm /mol dnr®  0.020 -y 0.010—y y
[Fe(SCN)**(aq)] y
= Fes* (a][SCN-(am)] (0,020 — y)(0.010 — y)
y =0,0217 mol dm™ (rejected since larger than both 0.020 and 0.010)
y =921 % 1672 mo} doy?
NOT accept 9 % 107/ 9,2087 x 107 mol dm™>
(Accept mex. 4 sig.figs) (Correct unit is required)
Increasing of K means that the equiltbrium position is shifled to the right /product
side, hence the AH should be positive,
¢ Na:SO;s(s) added reacts with Fe¥*(aq) so as to decrease the concentration of
Te*(aq).
¢ The equilibrium position shifts to the left / reactant side.  The concentration
of Fe{SCN)?** deercases, the colour of the mixture becomes paler.

=108 x 1072

2= [N;04(g)]eqm = 0.001 +(0.04 - 0,0323) /2 = 0.00485 mol dnr? 1*

K= 0.00485 /(0.0323 = 4.649 ‘mgl‘"‘dm{(Accep{lﬁS ~ 4,663
{Correct unit is required) {Not Accept M or (mol dm- 3}
{Accept answer with maximurm 4 decimal places)

(b) *  More NO: is formed and the equilibrium position shifts to left / shifts to reactant side when

the temperature increases.

» Increase temperature shifts equilibrium position to endothermic direction.  Therefore, the
forward reaction is exothermic.
{No 2 mark if 5o deduction is given, or the deduction is tacorrect. &.g. The reaction is
exothermic a5 the equilibrivm position shifls toight when the temperatiure increases.)
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