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Question: Calculate the solubility product if the solubility of AgCl

is 1.5 mg.L'* and the molecular weight of AgCl is 143.5 g.mol.
: Oldazall

AgCl ) = Ag* + ClI
gLl (s) = AE" (aq) (aq) 1.5 mg/L? = AgCl 4y sd

Ksp = [Ag+][ Cl7] 143.5 g/mol = AgCl &3l ojsd
Kep = [1.5 X 1075][1.5 x 1075] - sl
Ksp = [1.5 x 1071°] ¢ = Kep

= dalldsy )l

459 ga Aalaal) s -
AGC] csa s sy
T Ol aladiuly

m 1.5x1073
n= _

m - = -5
=== =1 X 10™°mol/l

1 mole AgCl = 1mole Ag+ + 1mole Cl'

Question: What is the concentration of Hg,?* in equilibrium with
0.1 M CI" in a solution of KCI containing excess, undissolved
'j'gzaz(s)?
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Hg2Cl2 (s) = Hg2" (aq) + 2Cl" (aq)

Ksp = [Hg2*][ CI7]°
1.2 x 107 18= [Hg2+][0.1]2

0.1 M =[Cl7]

1.2 x 10718 =K,
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Question: Calculate the minimum pH at which Cr(OH); will
precipitate if the solution has [Cr3*] = 0.0670 M? Ksp Of Cr(OH); is

-31
6.70 x 10 B ER . cilidaxal
Cr(OH) 3 (s) = Cr3* (aq) + 30H" (aq)

Ksp = [Cr3T][ OH]?

Hsdsa sl 140 0670 M = [C13]

Ksp 058 aladia) -
-18 =—
3 Kep 12x10 Ksp
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[OH] o] Kp = g
s ; -
[OH™] = 0.0670 S . D
3
[OH_] =1x107% -log(..cccuunnues ) -¢
V1 x 10729 =2.1544% 1010 PH+POH=14 -5

-log(2.1544% 10~19) =9.667
PH + POH = 14
PH=14-9667 =4.333 .
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Milli (m) = 10-3 X

pico (p) =10-12 X

Micro (u) =10-6 X

femto (f) = 10-15 X

nano (n) =10-9 X

atta (a) =10-18 X
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summary Qualitative analytical (2)
second lecture : solution.
Types of solutions:-
A solution consists of a solute and a solvent.
Normally a solute is smaller in quantity than a solvent.
A solution can be of homogeneous or heterogeneous nature.
A homogeneous solution is composed of a matter that all exist in the same state.
A heterogeneous solution is composed of a matter that exist in different states.
What does solubility mean?

if table salt (NaCl) and sugar are placed into two separate cups of water, water would
dissolve them. This is as they are highly soluble in water. But, the solution of NaCl can
conduct the electricity whereas the sugar solution cannot.

NaCl is ionic compound, if is placed into a cup of water, the bonds Na-Cl would break,
and ions would be surrounded by water molecules. This resulted in hydrated ions.

NaCI(s) 9 Na+(aq) + CI-(aq)

Aqg stands for agueous and means the ions are attached by H,O molecules. Na* cation
and Cl anion. These ions can transfer the electrical charges. This is called “electrolyte”
solution.

Sugar in a non-ionic compound, if it is placed into a cup of water, the sugar molecules
would swim in water as a bulk without dissolution.

C12H22011(5) + H20 & C15H2:011(aq)

So, there is no ions to transfer the electrical charges. This is called “non-electrolyte”

solution.
Electrolyte vs. Nonelectrolyte

Dissolved ions (NWacCl) Dissolved molecules (sugar)
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-
o< =3
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Electrolyte solution Nonelectrolyte solution




Solubility and factors affecting it.
Consider the reaction
BaSO 4(s) = Ba2+(aq) + SO42-(aq)
The solubility product (Ksp) Ksp = ([Ba?*].[ SO4%])/[ BaSO4]
As BaSO4 is solid, its concentration is constant as it is in its standard state, thus

Ksp = [Ba%*].[ SO4%] .

The solubility product, Ksp, is used for systems at equilibrium like saturated solutions,
it also can be used for solid formation (precipitate). Systems that are not at equilibrium
like unsaturated or supersaturated solutions, their equilibrium constant, ion product,
Qsp, can be used. Both Ksp and Qsp have the same expression.

Solubility product is “the equilibrium constant for the reaction in which a solid salt
dissolves to give its constituent ions in solution”.

The solubility product is the molar concentration of ions raised to their stoichiometric
powers.

Solubility is the amount (grams) of substance that dissolves to form a saturated
solution.

Molar solubility is the number of moles of solute dissolving to form a liter of saturated
solution.

To convert solubility to Ksp :
- solubility needs to be converted into molar solubility (via molar mass).

- molar solubility is converted into the molar concentration of ions at equilibrium
(equilibrium calculation),

- Ksp is the product of equilibrium concentration of ions.

Ksp is used to find the concentration of one ion, involved in a chemical reaction,
provided that the concentration of the other ion is known.

Question: Calculate the solubility product if the solubility of AgCl
is 1.5 mg.L* and the molecular weight of AgClis 143.5 g.mol.
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Question: What is the concentration of Hg,?* in equilibrium with
0.1 M CI" in a solution of KCl containing excess, undissolved

Factors affecting the solubility.

There are several factors have an impact on the solubility, such as the following:

1. Common ion effect. 5. Temperature.
2. pH value. 6. Pressure.

3. Formation of complex ions. 7. Polarity.

4. Amphoterism. 8. Molecular size.

1- Common ion effect :-

Solubility is decreased when a common ion is added. This is an application of Le
Chatelier’s principle: “a salt will be less soluble if one of its constituent ions is already
present in the solution”. Consider the ionic solubility reaction

CaSO4(S) = Caz+(aq) + 504-2(311)

The product [Ca?*][SO42] is constant at equilibrium. If the concentration of Ca?* is
increased by adding Ca?* from other source like CaCl, then the concentration of SO42
must decrease. This is to keep the product [Ca?*][SO42] constant. The solubility of
CaS0, will decrease in the presence of dissolved CaCl,.

Consider the reaction
Can(s) = Caz“(aq) + ZF'(aq)
If F- is added (from any salt like NaF), the equilibrium shifts away from the increase.

Therefore, CaFy() is formed and precipitation occurs. If NaF is added to the system, the
solubility of CaF, decreases.

2- pH value:-
Again we apply Le Chatelier’s principle:
Can(s) = Caz“(aq) + ZF'(aq)

If the F" is removed, then the equilibrium shifts towards the decrease and CaF,
dissolves. F can be removed by adding a strong acid. As pH decreases, [H +] increases
and the solubility increases. The effect of pH on the solubility is dramatic.

Question: Calculate the minimum pH at which Cr(OH); will

precipitate if the solution has [Cr3*] = 0.0670 M? Ky, Of Cr(OH); is
6.70 x 10731 © dsda A Jal




3- Effect of complex ions formation:-
Consider the formation of Ag(NHs)?* according to the equation
Ag+(aq) + 2NHs(aq) = Ag(NH3)**(aq)

Ag(NHs)?* is the complex ion. NHs (the attached Lewis base) is called a ligand.

The equilibrium constant for the reaction is called the formation constant, Kf
Kf = ([Ag(NH;)’])/([Ag+ ].[NH5]?)

Consider the addition of ammonia to AgCl (white precipitate):

AgClis) = AE *(aq) + Cl'(aq)

Ag(aq) + 2 NH3(aq) = Ag(NH3)*(aq)

The overall reaction is AgClis) + 2 NH3(aq) = Ag(NH3)**(aq) + Cl'(aq)

Effectively, the Ag *aq) has been removed from solution.

By Le Chatelier’s principle, the forward reaction (dissolving AgCl) is favored.

4- Amphoterism:-

Amphoteric oxides will dissolve in either a strong acid or a strong base.

5- Temperature:-

Solubility increases with increasing the temperature. However, gases solubility in
water decreases with increasing the temperature.

6- Polarity.

“Like dissolves like”.

Units of solution concentrations used in qualitative analysis lab:-

The concentration of a solution is the amount of solute presents in a given amount of
a solvent. The relation is proportion and a ratio.

The concentration can be determined either qualitatively or quantitatively.




There are several types in qualitative concentration, such as concentrated solution,
diluted solution, unsaturated solution, saturated solution and supersaturated solution.

To differentiate between the types of solutions, one need to compare the ion product
(Qs) with the solubility product (Ksp).

If Qs/Ksp < 1, the product concentration is too low for equilibrium, so the net reaction
shits to right.

Qs/Ksp = 1, the system is at equilibrium, no net change will occur.

Qs/Ksp > 1, the product concentration is too high for equilibrium, so the net reaction
shits to left.

Unsaturated solution is when it can still dissolve more solute.

Saturated point is when no more solute can dissolve in the solvent. depends on the
temperature.

Super saturated solution is when you put excess solute in the solvent .

SATURATED SUPERSATURATED
>OLU . SOLUTION SOLUTION
more solute no more solute becomes unstable,
dissolves dissolves crystals form

D ~ sy

increasing concei

Milli (m) = 10-3 X pico (p) = 10-12 X
Micro (u) = 10-6 X femto (f) =10-15 X
nano (n) =10-9 X atta (a) =10-18 X

X can stand for the mass units, for grams or moles.

Part per million (ppm) = mg.L-1, Part per billion (ppb) = g.L-1
Part per trillion (ppt) = ng.L-1




If the solute amount is presented by its number of moles, then we can use Molarity
(M) which represents the moles of a solute dissolved in a liter of a solvent.

M = no. of moles of a solute / solution volume in liter

X can stand for the mass units, for grams or moles.

Weight percent = (mass of solute / mass of solution or mixture) x 100
Like, 20 g of salt in 50 g of water = (20/70) x 100 = 28.57%

Volume percent = (volume of solute / volume of total solution or mixture ) x 100

moles of a solute
/ M

solution volume in liter

mass of solute
mass of solute) ___ 100
(mass of solution or mixture)

%m or %w = Weight percent

l lut
%V = polume of solute x 100 Volume percent

" volume of total solution or mixture




