Year 13 Chemistry Class Activities – Term 2; Week 5 
Topic: Aqueous Equilibrium
At the end of the class, students should be able to;
	define solubility / common ion effect / complex ion effect

	state Le Chaterlier’s principle on solvents at equilibrium

	list factors that affect solubility

	use Le Chaterlier’s principle to explain the common ion effect, using an
example

	calculate solubility of salts of the type AB2, A2B and AB in water

	explain how temperature affects solubility in an exothermic or
endothermic reaction



Student Activities.
· Read the pdf attached more than two times


· Watch the link given below on YouTube
Link 1: Common ion Effect  by Professor Dave
Link 2: Le chateliers principle, ph , solubility by the organic chemistry tutor
[bookmark: _GoBack]
· Do activity 10Aand 10B
· Cross check your answers with the solution below.


Solutions to activity 10A and 10B




For any queries, contact me on messenger; mosese vereti
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10A1 30 K from solubility
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D Colculator practice
1A 2220 \riting expressions for
K
Quiz 10A 1

Solubility, precipitation reactions apg K,

Consider solid calcium carbonate in equilibrium with g saturateq solutigy

of calcium carbonate. We could write an equation:
CaCO;(s) == Ca’*(aq) + CO42(aq)
and an equilibrium expression

[Ca®*][COs"]

[CaCOs]

But we never write solids in equilibrium constants (because the

concentration of a solid is a constant), so we simply write: "
K, = [Ca?*][CO52]

where K( is a special equilibrium constant related to saturated solutions,

We call it the solubility constant or solubility product.

This year we are concerned with the K of sparingly soluble or
‘insoluble’ compounds. (No matter how ‘insoluble’ a substance is,
tiny amount will still dissolve, even if it is only one ion in 1020 soli

Mg(OH),(s) == Mg2+(aq) + 20H(aq)

Ky = [Mg2+][OH-]2
Caz(POy),(s) === 3Ca?*(aq) + 2PO,3

K =

a very
d ions.)

~(aq)
K, = [Ca2+]3[PO,3-)2

Al
Substances called ‘in

arge K indicates a high solubility.
soluble’ have small K, eg K(BaSO,) = 1.1 x 10-10

K from Solubility

. _ |
T}_le solubility of CaF 2 I pure water is given as 2.3 x 10~ mol L. ,
Find K((CaF,).

First wite the equilbrium equation for the System, and then the K:
CaFy(s) == Ca2+(aq) 1 2p-

(aq)
Ko = [Ca2t)F2
Now plug in the numbers-
From the fact th

at the solubil;
[Ca2+] = 23x 1 solubilit

yis23 x 104 mol L-! we know that:

0 mol -1 and  [F-] =2x2.3x 104 mol L!
So =4.6 x 104 mol L-!
Ky = (23x104)x (4.6 x 104>
= 487 x 10-1!






Solubility from K,

The solubility product of silver chrom:

54t ate (Ao, .

Calculate the solubility of silver Chl‘(mmle( inb\:vcl:m) 159.0 x 10-12
ater,

First write the equilbrium equation for the system, and then 1|
\ 'e nthe K
AgCrO4(s) === 2Ag*(aq) + CrO,(aq)
Ke [Ag*2[CrO,42)
. , 9.0 x 10-12
Finding the solubility requires us to use both chemistry and algeb
ebra:

Let the solubility of silver chromate be s.

i

t Then [Ag'] =2s and [CrO4 2] =5

{ 453 = 9.0x10-12
1 s = 3,|20x 1077
! 4
| ; =

N . 1.310 x 104 mol L-!
The solubility of silver chromate is 1.310 x 104 mol L-1.

10 Solubility equilibria
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1 solubility ot barium

.\ hydroxide

‘\ 102 DI Solubility and solubility
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Quiz 10A 2

ourseli 10A The solubility product—Ks

1  Strontium fluoride, SrF,, has a solubility of 0.012 g per 100 g of water. M(StFy) = 125.6 g mol.

a Write the equilibrium equation for StF, dissolving in water.

b Calculate the solubility of StFp

in mol L1,

concentration of each ion in the saturated solution:

[Fl= —

¢ State th

=

d Write the expression for K(SrFp)

Y 6 b,
Silver iodide has a solubility of 78x 1078 L

o -19
a What is the solubility of silver jodide 1n mol L

e the formation ©
b Write the equilibrium cquatlon for the formation

Jyer iodide
¢ Write the expression for K, for silver |

{ sulumled sl

and hence calculate the value of K(StF)

ver jodide golution:

e






Continuing Chamistry

d Calculate the value of A,

e i 6
3 The A forlead bromide is 6.3 x 1074,
ad bromide solution.

a  Write an equation for the formation of le

b Write an expression for A,

¢ Calculate the solubility of lead bromide in mol L-!.

4 Calculate the solubility of Fe(OH), if K(Fe(OH),) = 1.64 x 10-14.

T“’.' {e . pro tt |

re;(fm( .v\du.u 15 aiso known as the K_ applj

; ion quotient, symbolised Q of bs EP 168 10 saturated so]y

L TACKet expression j
. onise
not in equilibriyp,

Saturated solutiop:
Any solution:

® POWERPOINT Eii
108 1 00 (onic Product calculatipns =~ L 10.3‘

If car: .
{ .\nh'd sodium chloride i«
What is (he mip i

First .';rl q );)XI“ |
e thy uqlnllnmmuuulmnll (t
‘ 0r the
Ag(l(s) = A
We know [Ag*] = \

112

lonic products ang predicting pr

tions i ST
qual to [;:3 eq.u111bm,m; however the same, square-
tonic product (IP) when the solution is

3 s
Oncentratjon to form a precipitate

a0.01 mo] ! AgNO; solution,
needed 1o give a precipitate of

- System, and then the K

g%aq) + Cl‘(aq)
[Ag*][CI)

1.
» W& want to fipg [CI-].





T

Rearrange the K; expression to find [CF. 10 Solubility equilibria
K, = [Ag'lICIn |
cry > |
[Ag*]
2x 10710
0.01
[C1IT] > 2% 107 mol L-!
A precipitate will form if the concentration of N
5 x 10-8 mol L. aCl exceeds

L P S S

— Mixing solutions to form aprecipitate

will a precipitate form when 75 mL of 4.0 4 _

solution and 25 mL of 6.0 x 10-5 mol L A;‘\]% ?:)?lln[i,ol NaCl o
K (AgCh = 1.8 x 10-10, 35 n are mixed?
| Calculate the concentration of the relevant ions in the mixed solution:

! Volume of mixed solutions = 75 mL + 25 mL = 100 mL

[Ag'] = 6.0x107 mol L™ x 25 mL
100 mL

= 15%x10° mol L!

[CIT] = 4.0 x 1073 mol L! x 75 mL
\ 100 mL

= 30x102 molL™!
Now write the expression for the ionic product and plug in the numbers:

jonic product = [Ag*][CIT]
= (1.5x107)(3.0x107)
= 45x107 '
Eompare the ionic product with the K to determine whether a precipitate will
orm:

| The ionic product (4.5 X 10-8) is larger than the solubility product
‘ (1.8 x 10-10) so there will be a precipitate.

e —— SRS

| _ €& POWERPOINT
The common |0n eﬁeCt 108 2 Yl The common ion effect

If we take a saturated solution of sodium chloride and try to dissolve more

sodium chloride, we just get solid sodium chloride at the bottom of the
beaker. But we also get solid sodium chloride if a few drOPS of . % PRACT‘CALS
concentrated hydrochloric acid are added to saturated sodium chloride 10.3 Sy The commo

solution. Why? P 190

In a saturated solution the ionic product equals the solubility product:

KS = [Na*][Cl“]
By adding HCI the concentration of the common ion,
With the ionic product now exceeding the solubility pro
of sodium chloride must occur.
In soap-making, the soap (the sodium salts of fatty
out of solution by adding brine—sodium €
this common ion effect.

Cl, is increased.
duct, precipitation

acids) is prccipilulcd

hloride solution—because of
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solution 10A and 10B.pdf
reaction vessel for further oxigauon [;0 UuIc aciu.
A = correct conditions, M = 4 correct explanation

Test yourself 10A

1 a SiFy(s) = Sr2*(aq) + 2F(aq)
b 5=0.012g per 100 g of water
=0.12 g - ¢

= 96x104mol |.-!

C ‘ST2+] =96x10 4n“)| | l. “- l =2 %96 x l()" mol L l
d K, = [Sr24)[F)

=[9.6 x 10412 x9.6 x 10 4)2
=35x10°

2a  MAgl = 23477 2 mol

- 28x10%e L
solubility = — gL~
234.77 g mol’

= LI19% 10" mol L

Agl(s) = Ag*(aq) + I"(aq)
K, = [Ag*][I]
d [Ag'] = [I'] = 1.L19x 10
K, = (1.19x 10
= l.4x107
PbBry(s) == Pb>*(aq) + 2Br(aq)

LI - o

3 a






Test yourself 10B

1 CaSO,(s) == Ca’'(aq) + SO (aq)
) 10 mL
l(‘u‘ 'I e Ih()4 I = ",j() ml x 0.001 mol !

= 5x 10" mol L"!
lonic product = [Ca’*][SO,*]

= (5x 10?2
2.5x 107

lonic product < K s0 no precipitate will form.

2 a [Pb**] = 0.025mgL™"
= 25% 10 gL

2.5%x 105 g L'
207.2 g mol™!

1.2% 107" mol L™

247 _ 9mL x1.2066% 107 mol L™
b o] " = (9mL + 1 mL)

1.1 107" mol L™

2.7 _ 1mL x0.100 mol L™
¢ [G07) = i mL)

= 0.0100 mol L™!

d IP = [Pb2+][CrO 2]

= (1.1 x 10" mol L-1)(0.0100 mol L-!)
= 1.1 x 109 mol L-!
IP > K so precipitation will occur

3 "AtpH= 13, [OH-] = 0.1 mol L-!.
Mg(OH),(s) = Mg?*(aq) + 20H-(aq)

K, = [Mg**][OH)?
K, ~r 2
opp = Meg”]
I x 10" .
o = Mg

IX 107 mo] -

i

[Mg2 + I

"

0

L






