lonic Equilibrium — Suggested Solutions

Topic 7.2 : lonic Equilibrium

ACJC/2009/P3/Q4(a)
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|~ No_ precipitation occurs o
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lonic Equilibrium — Suggested Solutions

AJC/2009/P2/Q4(a)-(b)
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lonic Equilibrium — Suggested Solutions

AJC/2009/P3/Q4(a)-(b), (e)

s

CHicH(oH)Cou == CHyCHOM)Coy + MY

Ay e1w'-bbnum EH‘*] [CH!.LH[uH}@L'] F Ia"‘m mol dm'3‘

TeHaenton) coaH] = (x - 1.::-"“‘] ma dm=?

N, kar DILBSENT 5 ories SR

A x= 3471 ¥ 10°F mol dm3
W0 Nomononrer =TI~ * 0200 mol e
| = [emcmomy o) = 0.200 mol dm™ - ]
e, wr PRS0 ORRA2

~ (M) = 6.90 x 1975 mo) dm®

pH= 41b
{.j cﬂgcut?ﬂ%* i__"'L—' cl-lg.tntml}ca;.ﬂ

L2y bt

Ncugeniow) €3," Fe€maining = 0.200 - ,m
=4

= 0.199 mol

— ————— e - TR

ﬁcu—immml‘“ = O, F rm_ > l?h'::

= o lel mo)

2199 o
*. [emsCHOoM)COS ] = '“T_’ 0-19% mol dm™

[eHs criom) coum ] = "'-‘;—ﬁ"= 0.100 mol dm™>

- [H) x 0.133
1o a.u . LHf) x 0.1

d.\00

2] E .00 € 1075 mot dm™

Now,

PH= ks
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lonic Equilibrium — Suggested Solutions

@O0 kep (Fecomy) = [Fe*ILow)”

For_predipitation to oceur,  [Fe*1Lon1™ > ksp

(0.010) x [on=)> > 1-b 10~'™

- i

[u.r} 7 1266 X107 mol dm™

~ poH= —lg (1245 x 107%) = 590

pH required = 14 -5.90 = 3.10

CJC/2009/P3/Q3(c)

(c) . .

(i) Since Kus of [Fe({CN)™ is larger than [Fe(SCN)(H20)s]™, [Fe(CN)]” is the more stable
complex. Ligand exchange will occur.
Deep red solution turns orange yellow.

iy Fe* + e — Fe™ 1077V
[Fe(CN)*™ + e — [Fe(CNJg*™ +0.36 Y

From Kes, [Fegcw}ﬁ]} is more stable than [Fe(CN k], [Fe(CN)J* is less likely to be
reduced than Fe™(aq) or [Fe(H-0)]™
[FeqCN}a] is stabilized by CN’ ligands, resulting in a lower E* value.

CJC/2009/P3/Q4(a)-(b)
4(a)
(i) [H1=429%x10" = 170x 107 mol dm™
~pH=-log (1.70 x 107)=6.77

(i)  Neutral, as [H*] = [OH]
(i) H.0() = H*(ag) + OH{aq)

As temperature increases, K, increases; so the equilibrium position shifts t© the right.
Therefore, the forward reaction (dissociation of water) is endothermic.

l:b} CH;CHQNH3+ + H:O == CH.CH:NH. + H.O"

pK, =3.25
-log K, =3.25 i
. Ky=562 x10%mol dm®
L Ke= = 22 = 5,16 X107 mol am®

[H]= W.f: xr—a\plﬁxlﬂ‘ * 0.0200
1.02 x 10° mol dm™

pH =-log {1.02 x 10%)=5.99
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lonic Equilibrium — Suggested Solutions

DHS/2009/P2/Q4

(a) Write an expression for the solubility product, Ks; of magnesium hydroxide.
[Mg*]J[OHT

(b) Calculate the solubility of magnesium hydroxide in g dm™ for a saturated
solution of magnesium hydroxide at 25T,

Let the solubility be x.
[Mg*][OHT°=561x 107
X(2x)* =5.61 x 107"

x =1.119x 10 mol dm™
Solubility = 6.53 x 107 g

(c) Calculate the solubility of Mg(OH)- in 5.00 x 10~ mol dm™ aqueous sodium
hydroxide.

Let the solubility of Mg(OH)zbe x mol dm™.
[Mg®[OH]*=5.61 x 1072

X(2x + 0.05)° =5.61 x 1077

Assuming that x is so small such that 2x + 0.05 ~ 0.05,
x(0.05)° =561x 10"

x =224 x 10 mol dm™

(d) Equal volumes of solutions containing 5.0 x 10~ mol dm™ magnesium
nitrate and 6.0 x 10> mol dm~ of sodium hydroxide are mixed. Predict if a

precipitate will be formed. Explain your answer with the aid of relevant
calculations.

Kep = [Mg* J[OH = 5.61 x 107 mol* dm™

On mixing ag Mg(NOs)= and NaOH:
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lonic Equilibrium — Suggested Solutions
New [Mg®] = Vx50x 10°/2V =25 x 107 mol dm™
New [OH] =V x6.0x 10°/2V =3x 107 mol dm™
At saturation point, Ksp = lonic product

lonic product = [Mg®][OH]? i
=0 x 10°[1] =5.61 x 1072[1]

Yes there will be a ppt.

7 DHS/2009/P3/1(a)

(i)

(ii)

(i)

Suggest a suitable indicator, if the titration were to be repeated without the
use of a data logger. Explain your reasoning.

Phenolphthalein. The pH transition range of the indicator lies within the
sharp pH change over its equivalence point.

Calculate the value of K for pyruvic acid.

30
1000 x0.01
=3x10™
No. of mol of pyruvic acid = 3 x 107
4
= 3X107 _ 503 mol dm®
10
1000
From graph, pH =25
Hence [H]= 107" =3.162 x 107

No. of mol of NaQOH =

[pyruvic acid]

_ [H'P _ (3.162x107%)?
Ka

- AF S =3.73 x 107 mol dm™
[pyruvie _acid]  0.03-3.162x107°

Explain, with the aid of an approprate equation, why the pH at equivalence
point is greater than 7.

[7]
CH.COCOO™ (ag) + H.0 () == CHiCOCOOH (aq) + OH(aq)

CHaCOCOO~ undergoes salt hydrolysis.
[OH] > [H].
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lonic Equilibrium — Suggested Solutions

8 HCI/2009/P2/Q1(b)

(b) (i) [Ba*][FF=1.84x10" where [Ba*] = 0.05 mol dm™
~[F1=+ (1. 543;10-”0[15_?
=1.92 x 10~ mol dm

(i) [Ca™lemaiing= 346 x 107"/ (1.92 x 107
= 0.38 x 107" mol dm™

9 HCI/2009/P2/Q2(a)

(@) (i) no.of moles of glycolic acid =0.20/76.0 =263 x 10~ mol )
volume of NaOH required = 2.63 x 107/0.10 x 1000 = 26.3 cm”

(i) no. of moles of CH;OHCOO" salt formed at equivalence = 2.63 x 107* mol
conc. of CH;OHCOO =263 x 107* /(26.3 + 20.0) = 0.0568 mol dm™

CH,OHCOO" + H;O = CHOHCOOH + OH
jnial Cone 0,068 - -
Eqgm conc./
mol dm= 0.0568 - x X A

Ks of glycolate = K./K. of glycolic acid = 1x 107 1.48 x 107
=6.76 x 107" mol dm™

Kb = x/(0. []568 X) = ‘ID 0568 (assume x << 0.0588 mol dm™)
=1.959 x 107° mol dm™

pOH = 5.708
pH =14 _5708 =829

(iii) Metacresol purple because its working range coincides with the sharp jump of
the titration curve which lies in the alkaline pH region (equivalence pH = 8.29).

10 HCI/2009/P3/Q5(a)

5 (a) (i) A solution that is able to resist pH changes when small quantities of acid or base
are added.

(ii} When a small amount of OH™ is added, OH™ ions can be removed from the system
by the reaction: COz + OH™ — HCO:™
{or HzCOz + OH™ — HCO:™ + Hz0}
Hence pH remains almost constant.
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lonic Equilibrium — Suggested Solutions

(iii) 7.90 x107 = 107 [HCO) [CO4]
[HCO5)/ [CO4] is 20:1

Blood has greater capacity for absorbing H® since there is a much higher
concentration of the base component HCO™

(iv) COs;exhaled is recycled. Blood COs level is raised and the buffer equilibrium shifts
to the right thus increasing [H7]. Hence blood pH will drop.

11 1JC/2009/P2/Q4(a)

(i) Explain what is meant by the term base dissociation constant, K, of morphine.
Mor + Ho0 = MorHY + oM~

CHorut) Lok~
[mar]

(i) Calculate the pH of 0.20 mol dm™ morphine solution.
Mt eiujlibnum, [w-)=z (Mom*)= %X mol g2
Mor] = 0.20 mol dm™> (ASume % << 0.22)

i
Now, .40 x 107%= —*—
%= 3. 85 x107% mol dea®
e, Pﬂﬁﬂ —'.3(5,35#'0_“) = 2 4\

PH= - 34 2 10.4

(iii) Calculate the amount of salt formed in the buffer solution.

Mor + WY ——> Mo H*

UMttt = Nug = 0. 01 vaol

{iv) Calculate the pH of the buffer solution.

Mgy = f-&f—a X 0.2 = 0.0V = 0.0V ma)

S Ml = (M HE) = FDH:— ko
= 6.1

B FH: V4 -6, 132
=t 83
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lonic Equilibrium — Suggested Solutions

12 JJC/2009/P3/Q2(a)-(b)

2. (a) (i) Aweakacidis aproton donor that dissociates partially.

(i) [H7 =5866x10" moldm™ [11
pH =225 [1]

(iii) Amount of acid used = 5x 1~ mol
Amount of NaOH required = 5 x 10~ mol

Volume of NaCH required = 0.0500 dm® = 50 em®

[CHT] = ~.,."le of acetylsalicylic acid > conc of salt solution

I|'1.|::n::|><1|::|‘”x 5%107 [1]
V 32x107 0054005

=1.25x% 107 mol dm™
pOH =590

pH  =8.10 [1]

(B) () pH=pK.=—lgl3.2x107) =349 [1]

(i) When H" is added:

C;H;0,C00” + H' — C;H;0,CO0H [1]

When OH™ is added:

C3H,0,.CO00H + OH — CzH/0,CO0™ + H,0 [11

(iii) Amount of HC/added = 2.00 x 10~ mol
In the resultant solution:
Amount of CaH;0,C00  left = 2.5x107 —2x10™ =2.30x10 " mol

230%107

50+25+42
%ﬂm
= 0.0299 mol dm™

Concentration of CgH;O-C00™ =
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lonic Equilibrium — Suggested Solutions

2. (b) (i) Amount of CsH;0,CO0H = 2 5%107 +2x107 =2.70x10™ mol

270%107

S0+25+72
- %m:uo
= 0.0351 mol dm™

Concentration of CgH;72-CO0H =

0.0299
pH of the resulting solution = — 1g[3 _2><1D'4] +1g
0.0351

=3.43

13  MI/2009/P2/Q2(b)

(i} Calculate the amount of H.CO5 present in the sample of blood plasma.
At the first endpoint, H;CO;(aq) + NaOH(ag) — NaHCO;(ag) + H:0(l)

Amount of H,CO, present = Amount of NaOH used for the 1st endpoint
1.30
1000
=9.75x 107 mol

% 7.50=107°

(i) Calculate the amount of HCO4™ present in the sample of blood plasma. [2]
At the second endpoint, NaHCOs(aq) + NaOH(ag) — Na;CO0s(aq) + H.0(l)

Note: Amount of HCO4 present for step 2 of the titration
= Amount of HCO5 present originally + Amount of HCO5 produced
from step 1 of the titration
= Amount of HCO; present originally + 9.75 x 107°

Amount of HCO,™ present altogether
= Amount of NaOH used for the 2nd endpoint only

14.60 - :
= W){ 7.50=10

=1.095 =107 mol
Amount of HCO,™ present originally =1.095x 10~ —9.75x 10~
=9.98x 107 mol
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lonic Equilibrium — Suggested Solutions

(iiiy Hence determine the K, of carbonic acid.

B [HCO,7]
Hof buffer=pk_, +lg—=—
p Pr, g[HEGOS]

['9.9?'5){10“%0 D-]

9~ e
(978107 5.0)

o 9975107
P, =74 |g|__ 9.75x10° |

7T4=pK,_ +I

pK, =6.39
K, =4.07x107 moldm™

(iv) The thecretical value for the K; of carbonic acid is 4.47 x 107 mol dm™, Suggest
an error or limitation of this experiment which would have resulted in the
difference in the value calculated in (b)(iii). [1]

There is a large percentage error in the titration values recorded as the
volume of NaOH used for the first endpoint is very small. ;

. o Mx010
OR Yo error EKWH']DDN

=7.69%

{v) Using the theoretical value for the K, of carbonic acid, calculate the pH of the first
endpoint. [4]

HCOj (aq) + H;O(l) = H,COs(ag) + OH (ag)

K, =K, xK,
K, =Ku 1.095x10™
K, [HCO; ] =———=-— 1000 -
. —14 . ) ar
=100 =0.01095 mol dm™
4472107
=2237 %10~ moldm™
= [H,CO,]J[OH7]
[HCE'E' ] pH=14 —-pOH
_ [OH] T S .
[HCO.] =14 [ -Ig(1.565x10%)] ;
=919

[OH]=+/2.237 %10« 0.01095
=1.565x 10" mol dm™
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lonic Equilibrium — Suggested Solutions

14 MJC/2009/P2/Q2

(a) Determine whether a precipitate is formed when the common washing-up
liquid was accidentally mixed with 0.200 dm® of ‘hard’ water.

lonic product of (CygH1S0:)2Ca = (7.143 x 107) (3.643 % 107

=9.48 x 10" mol® dm*®

lonic product = K = precipitate of (CieH1250:):Ca is formed.

(i) Write the K: expression for the reaction.

[Capaom& ]
[CTJ{][P:{DN:I& ]

o=

(ii) Hence, calculate the concentration of tripolyphosphate ions required to
reduce the calcium ion concentration in a typical sample of “hard water”
to 1.0 x 10° mol dm™.

Let x be the initial concentration of P304~ required

At equilibrium,

4
77 % 10° 24910

T (1.0x10%)(x—2.49x107%)

x = 2.493 x10° mol dm™

15 MJC/2009/P3/Q4(a)

4(ai) Kasand Ka- are the acid dissociation constant of the carboxylic acid group and
phenolic group respectively. Kay is smaller Ka- because carboxylic acid group is

more acidic than the phenolic group.

(i) H* from the 2™ dissociation is negligible and can be ignored and all the H*
comes from the 1% dissociation.
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lonic Equilibrium — Suggested Solutions

[H] =JcK,
—J0.05%6.31 x 10°

=178 x 10" mol dm™

Hence, pH = 2.75

(iii) For acidic buffer

a [salt]
H =pKa+lg——-
g g E;][acid]
. 6.25x107/0.03125]
— 19631 x 105 + Igk
98X T 6 25 107/0.03125]
= 4.20

Salt hydrolysis

HD@C OO Na*
[ 1= 1.25x10°/0.0375 =3.33 x 10~ mol dm™®

; —14

Kb_zK“ = Lﬂﬁz’l.ﬁﬂx’lﬂ‘” mol dm
K, 631x10°
[OH ]=/cK,

=3.33x102x1 58x%107°
=2.29x10° mol dm™

pOH =-g2.29x 10° =563

pH =14 -563 = 8.36
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lonic Equilibrium — Suggested Solutions

(iv)
pH

8.36 |

420 +
J
275 |

.
L

|
12.50 Volume of NaOH / em®

16 NJC/2009/P3/Q2(a)

2 ()1 Minimum [Ag*]=8.52x10" moldm™
(1) Minimum [Ag”] =3.17%107 moldm™

(ii) [I"]=2.69x 10" moldm™
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lonic Equilibrium — Suggested Solutions

17 NJC/2009/P3/Q5(e)(ii)

pH

Point of max

buffering capacity ethylamine against
13l HCl

11.2
94

NaOH
against HCI
/ curve

Equivalence pt for
+—— NaOH vs HCI curve

7.0

. ethylamine vs HCI
! curve

Vol HCIL/ em?
125 25.0 ° em

18 NYJC/2009/P3/Q4(a)-(b)

4@ () [oH] - 56x107(0.200) =1.058 X102 moldm

pOH=-1g1.058x 107 =198 pH=12.02
i 0.200 x V.. ...
(i Using e, 1o Vi o, = 24.0 cm®
0.120 x 40.0 1 G,

(iii) When vol = 48.0 cm® , solution reached max buffering capacity

(b) (i) Pbla= Pb™ +2I
Let x be [I7]

98x10° = Ix(x)
X = 32(98x10") = 2696x10° mol dm™

GOE =3 .
Solubility of Pbl, = % mol dm”

107



lonic Equilibrium — Suggested Solutions

(ii) |Let C be [Pb™] before mixing
[Pb™] after mixing = % [I' ] after mixing = D'ZDD [Tm]
for ppt to appear, IP of Pbl, = K of Pbl,
ClL05007  oao yne .
15 > | = 98x 107 [1m]
=C = 3.136x 107 mol dm™

19 PJC/2009/P2/Q3(b)
(b) (i) Fe(l0a)(s)+ag = Fe™(aq) + 310:™ (aq)

[Fe**] = 3.6/(580.8) = 6.20 x 10 mol dm™
[I0:]= 3x6.20 x 10° = 0.0186 mol dm™

Kep of Fe(102)2 = [Fe*]egm X 102 cqm
= 3.99x 10 mol* dm™? at 298 K

(i) Due to the Common lon Effect, the solubility decreases.

Let the solubility be x mol dm’™
(1057 Jiotes = 0.105 + 3x = 0.105 mol dm™®; since 3x is small compared to 0.105

Ksp of Ce(10s)s = [Ce*laam X [10: Pegm
3.99 x 107 mol® dm™ = x(0.105)° mol* dm™
x= 344 x 107 (check: 3x = 1.03 x 10%<< 0.105)

Solubility of Fe(10s)s in 0.100 mol dm™ KIO; = 3.44 x 10° meol dm™

20 PJC/2009/P3/Q1(a)

1{3}{|} FEBTE{S} + BH.0 — iFEEHEO)ﬁ]3+ + 3Br
[Fe(H0)[* + H,0 == [Fe(H,0):0H[" + H.0*

Due to high charge density of Fe* ion, it is able to polarize the water molecule
weakening the O—H bond, releasing H* ion. Hence a solution of FeBr; has pH less than
7 at 298 K.

(i) K, (Fe* (ag)) = 6.34 x 10" mol dm™
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lonic Equilibrium — Suggested Solutions

21 PJC/2009/P3/Q3(a)

3(a) (i) K.=107=10""=158x 10" moldm™
K = [C1oH1aN] [H30] / [CroHisNH']
Ka = [HaOT / [CroH1aNH?]
[H:0"] = [(1.58 x 107 ){0.100)]"% = 1.26 x 107 moldm™

pH = Jog:g[Hs0*] = 3.90

(i)  When pH is decreased, [H;0"] increases and position of equilibrium shift to the left,
concentration of conjugate of nicotine increases.

(iii) pH = pKa(CigH12NH") + logig [CioH1aNI CioHisNH™] = 6.50

(iv) [CigH:4N]ew = (5 x 0.100 — 0.200v) / (5.00 + v)
[C1oH1aNH® Joew = (5 x 0.200 + 0.200v) / (5.00 +v)

pH = pKa(CyoH1sNHT) + logyg [CroH 1N CioHiaNHT ]

6.40 = 6.80 + Iogm':5 x 0.100 — 0.200v)/(5.00 + v)
(5 x0.200 +0.200v)/(5.00 +v) solving, v = 0.364 dm®
22 RI/2009/P2/Q1(c)
(eMi) 2H*(ag) + Mg(OH)(s) — Mg*(aq) + 2H.O())

(c)ii) Mg**(aq) + 2F(aq) — MgF(s)

The Mg™ released from the acid—base reaction in the stomach reacts with the F~ present to form
a precipitate of MgF: which is insoluble and is thus not easily absorbed by the body.
(c)(iii) Precipitation occurs when

[Mg™IF _ > Kep
per 1107 1
Mg*[(——)/1.0]° =516 = 10
[Mg™]1C 9.0 )/1.0]
[Mg™] > 0.0186 mol dm™

(vol. of milk of magnesia needed)(1.40) = (0.0186)(vol. of liquid in stomach)
i.e. vol. of milk of magnesia needed = 0.0133 dm®
(i.e. 13.3 cm’)
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lonic Equilibrium — Suggested Solutions

23 RI/2009/P3/Q1(a)
(a)(i) Amount of lactic acid = Amount of NaOH needed for neutralisation

= Mmmn = 0.0024 mal
1000
250

Concentration of lactic acid = 0.0024 +m = 0.0950 mol dm™

(i) pKa=pH at half-neutralisation = 3.85 (when Viaon = 10 cm’)
Ka=10"%=1.41x 10" mol dm™

i _ HAT]

Alternatively, K = [HA]

Initially, [H] = [A] = 10~% = 3.548 x 10~ mol dm™

3548 x10°x3.548 x107°

© 0.0960-3548x107

= 1.36 x 10~ mol dm™ where HA = lactic acid

3

(iiiy At equivalence point, the resultant mixture is a solution of sodium lactate,
H:yCH(OH)COO™Na*.
Being the conjugate base of a weak acid, lactate ion hydrolyses in water to give OH™
CHsCH{OH)COO {ag) + H2O{l) = CH;CH{OH)COOH(aq) + OH(aq)
The formation of OH™ causes the pH at equivalence point to be greater than 7.

24 SAJC/2009/P2/Q6

Ca(OH): (s) Ca™* (aqg) + 20H (aq)
-5 +s5 t+25

(a) Ksp = s(2s) =45 = 1.0 x 107"
5= 6.30 x 107, solubility in water is 6.30 x 10 mol dm™.

(b) [Ca2] = (0.10 +5)
[OH]=2s
Ksp = (0.10 + s)(2s)°
1.1% 1072 = (0.10 + 5)(2s)
s =158 x 10° mol dm™

(e) [Ca™"] = 1x10%2 = 0.5 x 10™ mol dm™
[OH]=2x2x10°/2 =2 x 10” mol dm™
lonic product = 0.5 x 107 x (2 x 10°F = 2 x 10" mol® dm® > Ksp
Hence, precipitation takes place.
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lonic Equilibrium — Suggested Solutions

25 SAJC/2009/P3/Q4

4.

(iii)

(iv)

(@)

(i)

(ii)

pH of lacticacid =25
[H]=10%

Since lactic acid is a weak monobasic acid,

—_—

Ka = [H]/ [CH:CHOH(COOH)] OR  [H'] = /K, [HA]

= (10%%y%/ 0.080
=1.28 x 10 mol dm™

Maximum buffer capacity occurs when [salt]=[acid]
pH = pK;

= -og 125 x 10™

=3.90

When a small amount of H™ is added,

CHsCH(OH)COO (ag) + H* (ag) = CH:CH(OH)COOH

The additional acid, H*, is removed by large concentration of CH,CH{OH)COOC" from
the salt.

Thus, H' changes very slightly and the pH remains almost constant.

At the equivalence point, only basic salt is present.

No. of moles of salt formed = 0.08 x 10/1000 = 8 x 107 mol
[salt] = 8 x 10 26 x 1000 = 0.031 mol dm™*
[OH]=+[(1x10™/ 125 x 10" x 0.031] = 1.55 x 10" mol dm™
pOH =58

pH=82

A suitable indicator is phenolphthalein.
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26 SRJC/2009/P2/Q4

(a) | Explain the term acid dissociation constant, K;, as applied to ethanoic acid.

[1]

Acid dissociation constant, K; is a measure of the strength of a weak acid
OR
CH2:COOH(aq)

H™ (ag) + CH,COO (aq)

o |H'|[cH,c00™ |

] 1M
|CH,COOH | (V]

(b) | Calculate the initial pH of the 20.0 cm® sample of ethanoic acid. [2]

CHsCOOH(aq) == H" (aq) + CH:COO' (aq)
Let the [H'] be x mol dm™

[x)x) -k,

0.01-x

Since Ka « 107 mol dm™; assume that x is so small that 0.01 — x = 0.01

[x)(x)

ol =1.8x107 [1 M]
[H"] =4.242 x 10 moldm™® [1/2 M]
pH =-lg[4.24 x 107
=3.37 [1/2 M]
(e) | Calculate the equivalence volume of NaOH and hence, the end point pH.

[4]

CHaCOOH (ag) + NaOH (aq) = CH:COONa™ (aq) + Hz20 (/)

2
Amount of CHsCOOH = —2x0.01
1000

=2.000 x 107 mol

Since Nepzcooy - Nuaor= 11

Amount of NaOH = 2.000 x 10 mol [1/2 M]
2x107

0.02
= 0.0100 dm® = 10.0 ecm® [1M]

Equivalence volume of NaOH =

At equivalence paint,

"
[CH:COQT] = Etg‘i
1000

=6.667 x 107 mol dm™  [1/2M]
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Let the [OHT] at equivalence point be y mol dm™

CH:COO (ag) + H.0{) — CH.COOH(aq) + OH(ag)

Initial [ 6.667 x 10° - 0 0
ain [T -y - ty ty
Eqm[ ): 6.667 x 107 -y - y y
Kax Ky = K,y
-14

Kb ot L

1.8x107

=5556x 107" mol dm™  [1/2 M]
[vilw) _K,

(6.667%10%)— ¥

Since Ky < 107 mol dm™: assume that x is so small that 6 667 x 107 — x = 6.667 x
107

(¥)y)
6.667%10°
[OH] =1.924 x 10° mal dm™
pOH =-Ig (1.924 x 107%) = 5.716 [1/2 M]
pH =14-5718
=828 [1/2 M]

=5.556x10" [1/2 M]

[4]
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(d) | The reaction is continued until 30 cm® of sodium hydroxide has been added.
On the given gnd, using the pH values you have determined from (b) and
(c), sketch how the pH changes and indicate clearly the buffer region.

[3]
A
14
“““““““““““““““““““““ BN ==X
/eﬁf B
pH
828 !
7] i
!
|
Acidic Buffer
3.37 K —1 |
0 i | —
0 10 20 30
Volume of NaOH added / cm®
Mark all 3 points {initial, endpoint and final pH) correctly — [1M]
Correct shape of the graph — [1M]
Correct indication of buffer region — 1M]
(e) | State and explain the choice of a suitable indicator for this reaction. [2]

Ehenclphthalein, [1M]

lts pH transition range (= 8 — 9.8) lies_ within the sharp pH change over
the equivalence point. [1M]
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27 SRJC/2009/P3/Q3(c)

(i) A sample of sodium hypochlorite, NaOCI was dissolved in 100 cm” of
0.123 mol dm™ HOC! solution forming a buffer of pH 6.20. Determine the ratio of
the concentration of Qcr to HOC!I in the solution.

(1]
[OCI7]
pH=pKa +1g [HOCT]
[QCI7]
6.20= 7.50 + Ig [FOCI]
[OCT]
ig[HOC] = 130
[0l

[HOCT] = p.o501

{ii} The buffer is then used to absorb HCI gas. By using the above ratio or otherwise,
calculate the amount of gasecus HCI (in mol) that is required to be added to the

buffer solution mntil it reaches pH 6. [4]
[oC]
[HOCT] = 0.0501
[OCT] =p.0501HOCI]

=0.0301 x0.123
=0.006162 mol dm
On addition of HCY, let x be the concentration of H

[HOCllnew =0.123+x
[OCT new  =0.006162 —x

[0CT ]
600 =7.50+1g [HOCI]
~ 0.006162—x
600 =7350+1g 0123+x
0.006162—x
150 =tz 0123+x
“ 0.006162—x
0.03162 = 0123+x
0.03162(0.123)+ 0.03162x = 0.006162 —x
103162x  =000227
X = (0.00220 mol dm™
100
amount of HC1= 000220 x 000
= 0.000220 mol
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28 TJC/2009/P3/Q1(d)

(d) (i) o Kgp=[Pb¥][CrOs%]

Let the solubility of PbCrOs be x mol dm™
PbCrOs(s) === Pb® (aq)+ CrOs (aq)

o Kyp=[Pb¥][ CrOs7]
169 x10™ =x°

x:\{K_:F

e =130x 10" moldm™

The solubility of PbCrO4is 1.30 x 107 mol dm™.

(ii) K
5 -12
. [sz-l-l:—'pz_ — 1BQK1D
[CrOo, ] 0.010
e = 1.69x 10" mol dm™
29 TJC/2009/P3/Q3
(a) (i) ~~ At the surface of the sea, pressure of COz is 1 atm (normal atmospheric
pressure)
*9 300
At 300 m below sea level, the pressure of CO2 = W+ I
= =31 atm

. Solubility of CO2 300 m below sea level

- i:x3_29x1 0-*

=1.02 mol dm™

I _ Koxe
{l:l [Hj ‘uKaXC

= \4.5x107 x1.02
=6.77 x 10 mol dm®

e pH=-g(6.77 x 107
=317
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o ot
X a8 —

th:(l:):ox(:x-ﬁ}

(1) * Trigonal planar

(iii) oo [HCO;]H*]

)] * Ke=—mToT

(1) [HCOZH*]
Kat = 1‘302]

=4.5% 107 mol dm™

_ [HCO3]H"]

? 7 [H,CO,]
_ [HCOSIIHT] _[€O,]
- [CO,] [H,CO;]

45x 107 x 400
1.80 x 10* mol dm™

Ka

30 TPJC/2009/P3/Q3(a)-(b)
3a)i) B + H,0 == BH* + OH

i) In the neutralization

[HCI + (B> [BH [cr

At the end of x: there is salt, BH*CI , water and excess B to make a buffer soln.

Let the vol HCI = xdm® _
Vol of B used = (1-x) dm”

HCI + B> BH* Cr
Initial /mal 0. 05x 0.05{1-x) - -
Change -0.05x% -0.05x +0.05x +0.05x%
Final/ maol - 0.05(1-x)- 0.05x = 0.05x 0.05x
0.05-0.1x
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ke = [BHIOHT]
[B]

[OH]=10"%10%% = 107*
Ko =3.17 x 107 = [BH] x 10
[B]
2.00 = 0.05%/0.05-0.1x
0.1 - 0.2x = 0.05x
*x = 0.400 dm® . vol HCI:
vol B = 0.600 dm”

iii) Dilution has no effect on the ration of [BH*] and K, hence pH remains the same at
9.2 [B]

3bi) Egm 1: AgCI(s) + 2NH:(aq) 2[Ag(NH:).]* Cl(aq)

Egm 2: AgCl(s) =—— Ag*(aq) + Cl(ag)

refer egm1: Addition of ammonia soln form the complex, [Ag(NH:):]" , hence
reducing the [Ag™(aq)],

this affect the eqm 2, by LCP, system tries to replenish the Ag*(aq) by causing
eqm 2 to shift to the right, resulting in more AgCl to dissolve.

ii) In 2 dm® soln,
Amt of AgCl dissolved i
=500x107-1.88x 10" =3.12 x 10° mol
Let amt of complex Ag™ be y mal.

Ksp = [Ag7][CI]
18x 10" = (3.12x10° —y) x (3.12 x 10%)
2.00 2.00
y =0.810 x 10° mol in 2.00 dm®

hence, [complexed Ag'] = 0.810 x 10°/2.00
= 4.05 x 10° mol dm’™

31 VJC/2009/P2/Q2(b)

(i) Calculate the concentration of hydrogen ions in the solution after barium
hydroxide is added.

[H7=102%=1.32 x 10° mol dm™

(ii) Using your answer to (i) and the given information, calculate the value of the acid
dissociation constant, Kg, of HF.

Ka = [H7][F1/ [HF]
=1.32 x 107 x (1/2)
=6.60 x 10 mol dm™
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32 VJC/2009/P3/Q2(a)

(i)

(i)

(ii)

(i)

(iv)

(v)

Write an expression for the solubility product of Ca({OH)-.

Ca(OH): (s) Ca® (aq) + 20H" (aq)
Ksp of Ca(OH); =[Ca®][OH]-

Calculate the pH of a saturated solution of Ca(OH). at 25°C given that its
solubility is 0.830 g dm™.

M, of Ca(OH), = 74.1
Solubility of Ca(OH)z =

0.830

= 2 3
1 1.12 x 10 mol dm

[OH]=2x1.12x 10?=2.24 x 10? mol dm™

pH =14 -1g(2.24 x 10 =12.35

Determine the solubility product of Ca(OH): at 25°C, stating its units.
[Ca®] [OHT?

(112 x 107%) (2.24 x 10%)°
5.62 x 10° mol® dm™

Ksp of Ca(OH)2

Explain and predict qualitatively the effectiif any) on the solubility and solubility
product of Ca(OH)> when 25.0 cm” of 0.050 mol dm™ solution of potassium
hydroxide is added to the solution in (i)

The common ion, OH . from the very soluble KOH would cause egm in (i)
to shift left, hence lowering the solubility of Ca(OH)..

Ksp of Ca(OH); would not be affected as temperature is constant.

Write a balanced equation to show the reaction between carbon dioxide and
baryta water.

Ba(OH), + CO; ——» BaCO; + H,0

Which solution, lime or baryta water,is more sensitive to the detection of carbon
dioxide gas at 25°C7? Explain your answer with reference to the data given in

table in (a).

As the K., of CaCO; is lower, the ionic product of [Ca?][COs*] would
exceed the K., of CaCO; more readily hence |lime water would be more
sensitive.

1
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33 YJC/2009/P2/Q3(c)

© 0 5= &, xc=205x107 x0.100 =143 x 10~ moldm™
PH=—log(1.43x107)=2.84

() 2wor _,; _ Exoos *Viaon

My Cas % Vpy
Cry %V . 20. -
N L W fm"m =0.0100dm" =10.0 cm’
T 0.200

(iii) A +H.0 > HA + OH", pH = 8.5 (any value from 8 to 9)
(V) pH=pK, =-10g(2.05x107°) = 4.7

(v) pH o

47 1------ e

.
-

0 5 10
volume of NaOH added/cm®

(vi) Phenolphthalein. End point pH lies within the pH range of the indicator

34 YJC/2009/P3/Q1(e)

(e) (i) K., = [Mg™(aq)] [OH (aq)]® : units: molPdm™

(ii) [Mg=*(aq)] in the saturated solution

| =11
(200310 21104 mol dm =3

=3

=9

iii 1g**(aq)] extracted = 0. -1.71 %107 =0. moldm™
(iii)  [Mag™"(aq)] d =0.0540 - 1.71 x 107 = 0.0538 mold

0.0538 1 00=996%

Maximum % of Mg extracted =
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