Chemical and Ionic Equilibrium Solutions
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x104/6.46 x 10-°
=1.55x 10 °moldm-?

POH = -logto [OH]

logto /K,c

= -logio(1.55 x 1019 0.0500)
=556
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Maximum buffering capacity occurs at 10.0 cm? of NaOH, andthe
pH=pKa=4.19

Final pH = pH of NaOH solution = 14 — (-l0g100.100) = 13

Correct profile and axes; students should label the sketch with calculated
answers from part (j) and (i)
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bi) Fe(CeHsCO2)ss) =~ Fe™(ag+3 CsHsCOz (ag)

o Ksp=[Fe¥][CsHsCO2]®

. Number of moles of Fe(CsHsCOz2)s = 00532/ 418 8
=1.27x 10 mol

CsHsCO2 = CsHsCO2H

. Number of moles of benzoic acid reacted = 3 x 1.27 x 10
=381x10*mol

[H] = 10233 = 468 x 10 moldm
o Numberof moles of H*= 0.100 x 4.68 x 102
=4.68x 10mol

iv) Since the H* comes from both dissociation of benzoic acid and reaction of
benzoic acid with ron (Il chloride,

Number of moles of benzoate in solution= 4.68 x 10--3.81 x 10-*
=8.70x 105 mol

. Concentration of benzoate in solution =8.70 x 10-*moldm-3

Ksp= [Fe> [CsHsCOz P
(1.83x109) (870 x 104

=1.21x10"2mol* dm-'2
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5a)

bi)

The reaction is an exothermic equation. When temperature increases, by
Le Chatlier's Principle the position of equilibrium will shiftleftto absorb.
heat and reduce the temperature. This decreases the yield of the SOz
On addition of a catalyst, the position of equilibrium does not shiftas the

catalyst increasesthe rate of the forward and backward reaction to the
same extent. Thus the yield of SOs is also not increased
Hence, the suggestion is not feasible.
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bii) Let initial no. of moles of SOz and Oz be x

25Q2(g) + Oofg) == 2S0s(g)
Inital no_mol X X 0
o Fnalnomol  x-Z  x.X L
3 3 3
- -z -z
3 3 3

Py :§x2275:455@

P, =2x2275=91.0kPa
Z KPa

Pn:%x2275:910@

. Py)?
& P (B)
__oy
557091

=0.0440 kPa" (No units deduct 1 mark)
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When the volume is halved, the partial pressures are doubled

Partial pressure of SOz = 91 kPa
Partial pressure of Oz = 182 kPa
Partial pressure of SOs = 182 kPa

Let partial pressure of SOs extracted be y

2502(g) + Oofg) == 2S0s(g)

Initial pressure 91 182 182—y
A pressure 78 -39 +78
Final pressure 13 143 260-y
(260 —

————=00440

a3 43

2 520y + 66537.71= 0
y=2274

P 260-2274

326kPa
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i) Ke= [ONFP
[NOJ[F2]

(i) Kc=022/(0.6/0.9) = 0.123 mol" dm?

(i) When T increases, more ONF produced, i.e. egm shifts to the right.
Hence, forward reaction must be endothermic to absorb the excess heat.

(iv) Pressure increases / volume decreases at the tenth minute.

(v) When P increases, egm shifts to the right where fewer molecules are
present.
Hence, [ONF] increases while [NO] and [F,] decreases.

(vi) Cooling was done rapidly so as to prevent the equilibrium from shifting to
the left such that accurate equilibrium concentrations at the seventh
minute can be found.
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3(a)(i) AtZ, equal proportion of YOH and YCI s present. Hence Z is at maximum buffer
‘capacity, pH does not change significantly when a small amount of NaOH is added

as Y* will neutralize the excess OH- added.

Y+ + OH 3 YOH
(a)(ii) AtZ, [v4] =[YOH]

Hence, pOH = pKs

pH=92

POH=pKy=14-92=48

Ke=10*$ =158 x 10" mol dm
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(b)) [NaCll= =1.03 x10* mol dm®

23+355

[CHin mixture = 0.02 x 1.03 x 10 mol / 0.12 dm?
2172 x 102 mol dm*

100
[Ag¥] in mixture = 1.26 x 105 x —
1 120

=1.05 x10% mol dm?
Kep=(1.72 x10%) x(1.05 x10%)
21.81.x10:% moF gm®

‘3(b)ii) Total no. of moles of CF present = 0.05 x 1.03 x 10 = 5.15 x 10% mol
No. of moles of Ag* present = 1.26 x 10 x 100/1000 = 1.26 x 10% mol
Let no. of moles of AgCl precipitated be x mol
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cr +  Ag o ACls)

Initial mole 515.x105  126x10% 0
Change in mole -x -x +x
Mole after pption_5.15 x10%-x 126 x 10%-x x
Concentration 515 x10%-x 126 x10 —x
0.15 dm? 0.15 dm®
K =[5.15 x10°- x] [1.26 x10° = x]
015 015

407x10'2 =649 x102-6.41 x 105 x + x?
x2 -620x10°x+242x102=0
x=4.19 x 107 mol

Mass = 4.19 x 107 x 1435 =6.01 x 10¥ g = 0.06 mg

OR:Assuming x?~0, x=3.78 x 107 mol, mass =0.054 mg]




image5.png
3(c)(i) When AgNO: is added to NaCl, a white ppt of AGCI forms.
The ppt s soluble in aq. NHz.

Ag'(aq) +Cl(aq) > AgCl(s)
AgCl(s) + 2NHz(aq) & [Ag(NHz)2I* (ag) + CF (aq)

The ppt s insoluble in ag. NHz

Agi(aq) +I(aq) > Agl (s)

(i) When AgCl s added into aq. NHz.a complex [Ag(NHz)I" is formed. The formation of this
complex removes Ag*ions and lowers the IP(AGC)) Hence, the IP (AgCl) is lower than the
Ksp, AgClis soluble in aq. NHs.

Ksp of Agl s lower than that of AgCl. When Agl is added into aq. NHs, a complex [Ag(NHz):I"
is formed. The formation of this complex removes Ag* ions and lowers the 1.P.(Agi). However,

the L. (Aql) is still higher than the low Ksp of Agl. Hence, Agl is insoluble in aq. NHs.




