Chapter I1: Overview of Solutions 2024/2025

1. Definition of a Solution

A solution is a mixture of two or more components. The major component is called the solvent, and
the minor component(s) are called solute(s).

SOLUTION =SOLUTE + SOLVENT
There are liquid solutions and solid solutions. A solution is called aqueous when the solvent is
water. This is particularly true for solutions in all living systems.
A solution is said to be saturated with a given component when it contains the maximum amount of
that component that the solvent can dissolve.

2. Expressions of Solute Proportion:
The most commonly used quantities to express a composition are listed below.
< Mole Fraction

Let ni be the amount of substance of any given component i in the solution. The mole fraction xi of this

component is expressed by the ratio of ni to the total amount of substance n (total number of moles):

X; = _ N avec L.a: =1
n Iin; PR
ni and n are expressed in moles. xi is dimensionless.
Example:
We dissolve 15¢g of ethanoic acid CH;COOH and 11g of hydrochloric acid HCI in one liter of water (M =
18 g/mol).

o Calculate the mole fraction of CH;COOH and HCI in %.

o Calculate the mass percentage of the solution.

Solution:
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Mep.coon
n'CHgCGGH - Mz— - 0.25 ”!.OIE
CH3COOH
My
Nyl = = 0.30 mole
HCl
My, 0

= 55.55 mole

HHZD = MH ;
2

Mole Fraction of CHsCOOH :

Ney,cooH
ferycoon = 100 X = = 0.45 %
Ny,0 + Nery,coorn T Nact
Mole Fraction of HCI :
Ny
chI - 1[]0 X - 0.53 foﬂ

Ng,0 ¥ Ner,coor + Nucl

Mass Percentage of CH;COOH

m =100 X Menscoon = 1.46%
= = 1. (]
CH3COOH My, 0 + Mer,coon + Muct
Mass Percentage of HCI
Myct
m _ — 0

My,0 + Mcyycoon T Mucl

+* Mass Fraction
Let mi be the mass of a component i in the solution. The mass fraction wi of this component is expressed

by the ratio of its mass to the total mass mmm of the solution.
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w; =" = avec 2 w; =1
T Eiiﬂi

mi and m are expressed in the same unit of mass. Wi is dimensionless. In practice, the mass percentage is mostly
used:
P(%) = wi x 100 (%)

Example:
A commercial concentrated nitric acid solution at 70% contains 70 g of HNO3 in 100 g of solution, meaning
70 g of HNOj for 30 g of water.

++ Mass Concentration tP:

The mass concentration or gravimetric CM of a solution is the mass of a solute contained in a unit volume

of the solution.

_ masse ofsolution

P volume of solution

Cpas g.L'simasse(i)Isagand VatalL.
Example 2: We mix 500 cm? of a glucose solution at 7g/L with 2 liters of water. What is the mass

concentration of the solution?

In 500 cm? = 0.5 liters, we have: Cp =7 =m solute / 0.5

m solute(glucose) =7 x0.5=35¢g

Final volume of the solution:
V final solution=V glucose + V water

=0.5+2 = 2.5 liters

ms glucose

Thus, the mass concentration is: Cp solution = - -
V solution finale

| w

Cp solution =2'5= 149/l

92

% Molar Concentration or Molarity (Cwm):
3
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Molarity or molar concentration of a solution is the number of moles of a solute contained in the unit volume of the
solution.

Number of moles of solute

volume of solution

It is usually expressed in moles per liter (mol.L™2). In the international system (MKS), molarity is expressed in moles
per cubic meter (mol.m™3).
% Molal Concentration or Molality (Cm):

Molality or molal concentration is the number of moles of a solute contained in one kilogram of solvent.

Number of moles of solute

Cm =
total mass of the solvent

Or Cm = m solute / m solvent (mol/kg)

Exempel 3 :
We dissolve 4.5g of NaCl (58.5g/mol) in 500 cm3 of distilled water. Calculate CM and Cm.

Remarks:

In the case of sufficiently diluted aqueous solutions, molarity and molality are numerically equal (CM =
Cm). Indeed, under these conditions, the mass of one liter of solution is practically equal to the mass of one

liter of water (1 kg).

m 4.5
n m &2

CM = = M _ = 385 — 0 154mole/l
Vsolvant Vsol 0.5

Cm =0.154 mole / kg .

In other words, for an ionic solution, the equivalent concentration Céq(i) of an ionic species i is equal to the product

of the ionic molar concentration Ci and the absolute value of the ion’s valence Zi, such that:

Cog = CM(i) |Z;| (Eql™*)

For a solution containing several different ionic species, the equivalent concentration is equal to the sum of the

equivalent concentrations of the anionic and cationic forms.
4
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Cg =) C@IZ1+ ) () |2]]
i Jj

According to the principle of electro-neutrality, we have:

D)1zl = Y () |7

t ]

It follows that:

Ca =2 CH-(D) 1271 = 2 C**() 2|
I j

Example:

Let’s consider a solution of Na,SO, (142 g/mol) obtained after dissolving a mass of m = 14.2 g of Na,SO, crystals in
500 ml of water.

Calculate the equivalent concentration of the solution.

We have: Na,SO, — 2 Na* + SO,z

The molarity of the solute Na,SO, is given by:

MNays0, 142

_ Nna,so, Mpa,so, 142

M
CNazso, = % % 0.5

= 0.2 mol [1

By definition, the equivalent concentration of the solution is given by:

s _ r r _ M M
CeQna,so0, = CeQpg+ + Ceqsogz = CNa+|ZNa+| + Gg-ogzlz.vogzl

Whith : ZNa+=1and ZS04~2=—2
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Cﬁ} =2 Cfazﬁ-ﬂé = 0.4mol 71

Cjé;z = Cya,s0, = 0.2mol I”*

we find: Céq N2S4=0.8 Eq. -1

7

< Osmolar concentration (Osmolarity) C©:
Osmosis is a diffusion phenomenon observed when two liquids of different concentrations are

separated by a permeable membrane. It is represented by the symbol C°:

CO =i x CM (osmole/l)

This is the ratio of all undissociated molecules and ions in a solution to the volume of the solution.

Cﬂ _nosm_Tiop N Nyondiss
v V A

osmole/l

Considering a weak electrolyte solution with a dissociation coefficient o. and molar concentration CM in a

solvent volume V, we seek the relationship between osmolar concentration and molar concentration. Each

molecule of this solute dissociates into v+positive ions and v— negative ions.

ninitial

M —
cH = 4
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TNosmol

o __
C_V

0 Tions + NMnondiss

B Y

_lomns+ ions— __
INions ~— Ncations + Nanions - U+ O Ninit +V-. o 1] it

= (U+ + U_)nd:i.ss =VnNdss — 0V s
Nunondiss = Ninitial — Ndiss = Ninitial — & Ninitial = (1 — &) Ninigial

Nions + Mnondiss U & p,,.. + (1 - Gf) Himssial

0
¢ I I
:ﬂmn(au"' 1 - a) — (1 + O.’(U _ 1)) C_-\J
V
C"=0+a(@—1) C”
i=l+a(v—1)

C‘O — I— Cﬁ.{

Knowing that:

i =Van’t Hoff ionization coefficient
i=1+a(v—-1)

a = dissociation rate of the molecule.
a=1: total dissociation.

a=0: no dissociation.

O<a<1 : partial dissociation.

v = number of ions released per dissociated solute molecule.
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Ionic concentration or ionarity [ions] or Clions

Tons| = aviy, Chy tongram /molormolofion/ L.
e « = dissociation coefficient

® 1, = number of ions provided by each molecule upon dissociation

Example:
NaCl ——sNa™ +CI Una+= 1 vel= 1
CaCl, — p Ca™ + 2CI Ucars = 1 Vel =2

Equivalent concentration Ceg;
For an ion 2 with ionic concentration [; and valence Z;, we have:

Unit: equivalent gram/L or mol of equivalent/L
® Uiy is the number of ions provided by each molecule upon disscciation.

o | Z;| = Electrovalence of the solute molecule

Example:

Given that the molar concentration of CaCl, = 2 mol/L with a dissociation coefficient o = 1,

Calculate the equivalent concentration of positive and negative ions. What can we conclude?

Solution:

I
b2

CaCl, —_pCa— + 2CI AVEC Upaer = 1 Uel-

Caee = |Zeons
Cj:';— = ‘z':'.f—

o Lea CM=2 x1x1x2=4 Eqg /1

[Ca™]z....

eI} z,..| @ve C*=1x1x2x24 Eqg /1




Chapter I1: Overview of Solutions 2024/2025

% lonic force of a solution:
This is a numerical value characterizing the state of the solution. It is dimensionless and is generally

denoted by p\mup and given by the formula:

1
= EZ CEMZI:Z
i

Where:
u= The ionic strength is dimensionless.

Ci = Molarity of the solution

Zi = Charge of the ions present in the solution

The ionic strength allows the quantification of the ionic crowding in a solution, taking into account the
effect of interionic interactions of all ions, such as molecular attractions or repulsions.

Example:

We take 1 mole of CaCl, with 2 moles of NaCl in a volume of 1 liter; calculate the ionic strength of the solution.

L

To calculate the ionic strength of the solution, we can use the formula:
1
M 72
u= EZ Ci Z;
i

1. For CaClz:

When dissclved, CaCl, dissociates into 1 Ca®*ionand 2 Cl ions:
CaCly — Ca®™ + 2C1°
e Concentration of Ca®" = 1 M
e Charge Zpy,2- = +2
e Concentrationof C17 =2 M

e Charge Z¢- = -1
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2. For NacCl:

NaCl dissociates into 1 Na™ ion and 1 C1™ ion:
NaCl — Na™ + CI™
¢ Concentrationof Na™ =2 M
o Charge Zy,+ = +1
s Concentration of C1 =2 M

e Charge Z¢)- = -1

Zcasr —+2 et Zcr=-1
[Ca"']=vcar a CM=1x1x1 =1 ion g/l
[Na']= vnas oo CM = 1x1x2 =2 ion g/l
[Cl'Inact = Ler a CM= 1x1x2 = 2 ion g/l

[Cl']cact2 = Le1- o0 CM = 2x1x1 = 2 ion g/l

w= 5[ 2, Na'l+ z [Cl1+ z(,,, [Ca~T+ z/_ [CL]]

[(1)*2+(1)%.2+(2)*. 1 +(-1)*(2)]

1
2

W=

[2+2+4+2]=5

The ionic strength of the solution containing 1 mole of CaCl, and 2 moles of NaCl in 1 literis 5
3. Solubility of a solute in a solvent

Solubility is the maximum amount of substance that can dissolve in a given volume of water. The solubility
of a pure substance depends, for a given temperature, on the structure of the compound and the nature of the

solvent.

To define the solubility product for a saturated solution (which, by definition, is a solution in dynamic
equilibrium with undissolved solute), we define an equilibrium constant that is related to the solubility
constant.

A piece of sugar placed in water disappears into it, and we say it dissolves; therefore, sugar is soluble.
However, if you put a large amount of sugar into a small volume of water, not all of the sugar will dissolve:

the sugar solution is said to be saturated.

10
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The solubility S of an ionic crystal (a slightly soluble salt) in water is the number of moles of the ionic

compound that can dissolve in a liter of solution, expressed in mol/L.

Number of ionized moles

Number of moles in solution

%ww“ﬂm

A well-diszolved in solute A zolution can be unsaturated  saturated with precipitatea

homogensous solution

3.1 Dissociation Coefficient

It is the ratio of the number of moles of solute molecules that have dissociated to the initial
number of moles of molecules. It is a dimensionless number. The degree of ionization is

between 0 and 1.
a =1 for a strong electrolyte solution

a < 1 for a weak electrolyte solution

When a solute is dissolved in a defined volume of solvent, there is a concentration limit beyond which no
more solute can be dissolved. This is the maximum solubility. The solubility depends on several factors:
temperature, pH, etc.

3.2 Factors affecting solubility:

o Temperature: Generally, solubility increases with temperature.

11
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o pH: pH affects solubility if the ions are acids or bases.

o Complexation: The formation of successive complexes with ions in various precipitates increases
the solubility of these ions.

e Presence of a common ion: The solubility of a slightly soluble salt decreases in the presence of a

substance when both substances share a common ion.

A weak solution is obtained by the dissociation of a solute in the following form:

A:By —» a A" +b B*
é_

The equilibrium constant for this solution is given by Ostwald's law, which can be written as:

at ] s
(Aa Bb)mudiﬁs

We define the solubility constant Ks using this equation:
a _]b
K= [Ab+] [BFl ] —> Ks=K (AaBb)uouass

Let CM be the molar concentration of the electrolyte AaBb

[A]?*=aaC™ ; [B]*=baCM

' _ Mpaa Bbinon diss _ niniti—ndiss
{AﬂBb]ﬂmd:fs&— ” = v

__ nint-omint _ {(1-o)nint _
v v

(1-0)CM

(@ac™)” .(bat‘”}b
(1-a)c™

K—

Exemple :

12
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acMac™  o?cM

1) AB—A" +B I{—(1 priE KeaCMaCM=a*C
E ) B B L
Mylgs aMy2 3aME 3aME .
2) AB; 2 9p K_(ad ) (2aC”)" _4a’C" _4a’C : ]{5=4a3€M&

- (1-a)cM (1-a)cM  (1-a)

4. Electrical Properties

When a potential difference (U) is applied across two parallel plates immersed in an ionic solution, an
electric current (I) can be recorded. In this case, the solution is conductive with an electrical resistance (R).

4.1 Current Flow

Liquids such as oil, pure water, and glucose or urea solutions allow little or no passage of electric current.
In contrast, aqueous ionic solutions conduct electric current.

The electrical resistance R of an electrolytic solution with resistivity p placed in a container of length [ and
cross-sectional area S is given by the expression:

[

R=p -
P
Where:
« [R]: Ohm (Q)
o [pl: Q'm
e [lI:m
e [S]: m2

Since the transport of current in an electrolytic solution is ensured by all the ions, its conductivity primarily
depends on:

« The number of ions present, i.e., their concentrations;
e The specific characteristics of the ions (their charge and mobility).

The electrical conductivity y is expressed in Q'-m~. It is the inverse of resistivity:

| =
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