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Chapter | : electrolytic solution 1

1. Introduction

Solutions are homogeneous mixtures usually classified based on their physical state, including solid
solutions, gaseous solutions, and liquid solutions.

Solid Solutions: Composed of at least one substance, which is the solvent, mixed with a specific
quantity of another substance, identified as the solute.

Gaseous Solutions: Homogeneous mixtures of gases that do not react with each other.

Liquid Solutions: One of the components is a liquid before being mixed with another substance. The
liquid component is called the solvent, and the process is known as dissolution.

e The solute can be a liquid, solid, or gas.

The corresponding figure shows the types of solutions according to the physical state of the solution

Classification of solutions according to their physical state

solid Gaseous Liquid
L ¥ r
Solid-liquid Gaseous-liquid Liquid-liquid
(Mercury in silver) (Water vapor in the air) (Acetic acid in water)
Solid-gaseous Gaseous-gaseous Liguid-gaseous
(Hydrogen in nickel) (Oxygen in the air) (Carbon dioxide in water)
Solid-solid Gaseous-solid Liguid-solid
(Copper alloys in silver) (Iodine vapor in the air) (Sugar in water)

Figure 1: represents the types of solutions according to their physical state
objectif
Through this chapter, the student will distinguish between various concepts related to the quantitative

characteristics of a solution. Here we give the student various exercises based on what he learned and
understood from the lesson.
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2. The solutions

2.1. Definition of solution

e Asolution is a homogeneous mixture consisting of two or more substances (molecules, atoms,
orions).

e Asolution contains substances in small quantities called a solute and another in a large quantity
called a solvent.

e In asolution, the solute is dispersed uniformly throughout the solvent.

2.2. Classification of Solutions

The terms dilute and concentrate are used when referring to the concentration of solutions.
a) Concentrated solutions

Dilute solutions are solutions that contain a relatively large amount of dissolved solute.
b) Dilute solutions

Dilute solutions are solutions that contain a relatively small amount of dissolved solute.
¢) Ideal Solution

Ideal solutions are expressed when the interaction energies are equal between solvent-solvent,
solvent-solute, and solute-solute. solution (A-B) is ideal if the intermolecular forces in the solution are
exactly equal to the intermolecular forces in the two pure substances A and B). Dilute solutions are
called ideal solutions.

d) Non-ideal Solution

Non-ideal solutions are expressed when the interaction energies are unequal between solvent-solvent,
solvent-solute, and solute-solute. solution (A-B) is non-ideal if the intermolecular forces in the solution
are exactly unequal to the intermolecular forces in the two pure substances A and B).

3. The Concentrations

The concentration of a solution measures the amount of solute that has been dissolved in a given
amount of solvent or solution. There are several ways to express the amount of solute present in a
solution, including:

3.1. Molar concentration or molarity C

The molar concentration expresses the number of moles of the solute per the volume of the solution.
This concentration is measured in mol/m3, in mol/L, or subunits such as mmol/L.

. n(Number of molesof solute)

V (Total volume of solution)

3.2. ponderal concentration Cp

The ponderal concentration expresses the mass of the solute per the volume of the solution. it is
expressed in g/m3,in g/L, or in subunits such as mg/L.

m( Mass of solute)
 V(Total volume of solution)



3.3. relation between molar concentration and ponderal concentration

Mass concentration can be calculated using molar concentration, by replacing m=nxM in the mass
concentration relation. So, the relation becomes as follows: Cp=CxM

3.4. Molal concentration or molality Cml

The molal concentration is defined as the ratio of the number of moles of the solute to the mass of the
solvent contained in the sample. it is expressed in mol/kg.

_ n(Number of moles of solute)
T M (Mass of solution)

3.5. Molar fraction

The molar fraction expression is used to determine the mole ratio of every constituent of the solution.
It is defined as the ratio between the number of moles of the constituent ni (solute) on the total
number of moles present in the solution ¥ni (solvent + solute).

g n, (solute )

j = x100
S n.(solvent +solute)

3.6. Mass or weight fraction

The mass fraction expression is used to determine the mass ratio of every constituent of the solution. It
is defined as the ratio between the mass of the constituent m_i (solute) on the total mass ¥mi (solvent +
solute).

m,(solute)

| = x100
S m,(solute+solvent )

Note :
e The sum mole fraction equals 1

e The sum of the weight fraction equals 1

4. The solubility

e Solubility is the ability of a substance (solute) to dissolve in another substance (solvent) to form
a solution.

e In general, the solubility degree is expressed in grams of solute per liter of solvent.

e Solubility of one fluid (liquid or gas) in another may be complete (totally miscible, for example:
methanol and water) or partial (oil and water dissolve only slightly).

e The solubility of a substance is influenced by several factors including the temperature,
pressure, and the nature of the solute and solvent.

5. Conductometry

Conductometry is a method of electrolysis that permits measuring the conductive properties of
electrolytes.
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6. Electrolytic solutions

Electrolyte solution is a solution that generally contains ions, atoms or molecules that have lost or
gained electrons, and is electrically conductive, there are two types of electrolytes:

e Strong electrolytes: solutes that dissociate completely in the solvent giving solutions of high
electrical conductivity (such as strong acids and bases).

e Weak electrolytes: solutes that partially dissociate in the solvent resulting in solutions of low
electrical conductivity (such as weak acids and bases).

Electrolytic solution can be obtained by dissolving in water:
e anionicsolid NaCl(s) » Na+(aq) + Cl-(aq)
e apolarliquid HNO3(l) » H+(aq) + NO3-(aq)
e apolargasHCl(g) » H+(aq) + Cl-(aq)
Polar liquids and gases are composed of polar molecules that will dissociate as ions in water. https://yo
utu.be/D1CfxNvrGkA?si=-p2MC48jYdmjZbNP
6.1. Coefficient dissociation a
The dissociation coefficient measures the degree to which a substance dissociates into its constituent
ions when in solution, and is expressed as

(the nomber of dissociated moles)

(total that ais moles initially introduced into the solvent )

Noting that a is a dimensionless value that varies between 0 and 1. According to the dissociation
coefficient a, electrolytes are divided into two categories: weak electrolytes and strong electrolytes.

e When a=1, dissociation is total. In this case, the electrolyte is considered strong. This is the case
for salts such as NaCl, KCl, CaCl2, strong acids HCl, H2S0O4, and strong bases KOH.

e When 0<a<1, dissociation is partial, and the solution contains both ions and molecules of the
solute. In this case, the electrolyte is considered weak. This is the case for weak acids CH3-COOH
and weak bases NH4.

e When a=0 , there is no dissociation and the solution is non-electrolytic. This is the case for
solutions of urea, glucose, and sucrose.

6.2. Coefficient ionization i

The ionization coefficient i of a solution is defined as the ratio between the number of particles and the
total initial number of molecules introduced into the solvent. In general, the ionization cefficient is
expressed as follows:

i=1l+a (1) —1)
e yisthe total number of particles resulting from the dissociation.
e qisthe dissociation coefficient.

e Theionization coefficienti equals u for complete dissociation, and it equals 1 for no dissociation.

10
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7. Quantitative characteristics of solutions

7.1. Osmolality concentration W

¢ Inaliquid medium, the molecules of the solvent and solutes, or their ions when they are capable
of dissociation, move over each other. Each one constitutes a "kinetic unit."

e Osmole is representing a number of kinetic units.
e The number of osmoles (kinetic units) per unit volume of the solution.
e itisexpressedin Osm/m3 or mOsm/L.

W=ixC

C: molar concentration, i : ionization coefficient

7.2. lonic Concentration

The ionic concentration is the quantity or number of ions present in a solution. It is symbolized by C_i.
Itis expressed in gions/m3 or grams ions/L.

C =C,( positive—ion )+C,(negative —ion)=(n+.a.C)+(n—a.C)
e Ci: The ionic concentration of the Mole solution
e (i+:Theionic concentration of Mole cations
e (Ci-:Theionic concentration of Mole anions
e n+:Number of moles of cations
e n-: Number of moles of anions
e o :Degree of ionic dissociation of the solute

C: The molar concentration of the solution

7.3. Equivalent Concentration

Equivalent concentration measures the amount of electrical charge (expressed in equations) present in
an electrolyte, it is expressed in equivalent /m3 or equivalent /L.

C,,=C,,(positive—ion)+C, (negative—ion)=z+.Ci+z—.Ci=z+.n+.a.C+z—n—a.C
e Ceq: equivalent concentration of the Mole solution
e (i+:ionic concentration of Mole cations
e (i-:ionic concentration of Mole anions
e z+: Number of valence of cations

e 7-: Number of valence of anions

8. Conductivity mechanism in electrolytic solutions

8.1. Electrolytic cell

It is an electrochemical cell where electrical energy is converted into chemical energy as a result of
passing an electric current an external source, leading to a chemical reaction.

11



8.2. Electrolysis

Itis a chemical reaction that occurs as a result of passing an electric current through an electrolytic cell.
In this process, oxidation reactions of negative ions occur at the anode, while reduction reactions of
positive ions occur at the cathode, resulting in the liberation or deposition of substances.

The conductivity mechanism in ionic solutions is primarily based on the movement of charged ions
within the solution, these ions can conduct electricity in solutions because they can to move. The more
ions present in a solution, the higher the conductivity measurement will be.

e In a solution such as water, conductivity comes from the passing of electricity between ions. For
example, when sodium (Na+) and chlorine (Cl-) form sodium chloride in saltwater, more
electricity is carried, and therefore the conductivity increases. As salinity increases, conductivity
also increases.

e To measure the conductivity of an ionic solution, we use a conductivity cell, which consists of

two metallic plates indicated to as the electrodes. The area of the cell immersed in the solution
is S in square meters (m?) and a distance L in meters (m) between the electrodes. As shown in

Figure 2
e | e
— —
|
Cathode (+) Anode (-)

cl Na
Electrolytic : 4
Solution g

NaC(Cl »Na + Cl
Figure 2: Shows conductivity mechanism in electrolytic solutions
8.3. Conductivity

e The electrical conductivity o is a measure of a material's ability to conduct or transmit electricity.

e The conductivity has a direct relation with the molar concentration of the solution and the molar
specific conductivity A, it is expressed in Siemens per meter S/m.

o,=1,[C],

« Itis also known as the reciprocal of resistivity

o: Electrical conductivity (S/m).

A-: Specific molar conductivity of the anion ion S.m2/mol.

A+: Specific molar conductivity of the anion ion S.m2/mol.

[X-]: Molar concentration of the anion ion mol.

12
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e [X+]: Molar concentration of the cation ion mol.

e p: The resistivity of the solution Ohm. meter (Q.m).

8.4. Conductance

e [tis a physical quantity that expresses the conductance of an electric current. Its symbol is G,
and it is expressed in Siemens (S).
e |tisalso known as the reciprocal of resistance.
1 1 S o xS

G=—=—= =
R U pxL_ L

8.5. Resistance

Resistance is the capability of a conducting material to permit the passage of electric current, it
depends on its geometric shape (material's composition, length, cross-sectional area), and it is
expressed in Ohm (Q).

R==
I

e R:The resistance of the material Ohm (Q).
e U:Tension difference between the terminals of the material Volt (V).

e | Intensity of electric current Ampere (A).

8.6. Resistivity
Based on resistivity, we can compare different materials based on their ability to conduct electrical
currents, and it is expressed in Ohm. meter (Q.m).

pxL _RxS
s 7L

e p: The resistivity of the solution Ohm. meter (Q.m)

R:pr:

e R:The resistance of the material Ohm (Q).

e K: Cell constant meter (m).

9. Exercice : Exercises series | [solution n°2 p. 16]

Exercise 1

One litre of an aqueous solution contains:

5.85 g NaCl, 3.28 g PO4Na 3,9 g glucose, 0.6 g urea. It is supposed that NaCl and PO4Na3 are completely
dissociated.

Calculate the molarity, osmolarity, ionic, and equivalent concentration of the solution.

The molar masses of NaCl=58.5, PO4Na3=164, glucose=180, and urea=60 g/mol.

13
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Exercise 02

One liter of an aqueous solution contains 60 g of sucrose, 1.8 g of urea, 17.6 g of NaCl, and 2.98 g of
Na2S04. 100 ml of this solution is taken and 1 L of pure water is added.

1. Calculate the osmolarity, ionic, and equivalent concentration.
2. Determine the total ionization coefficient (i) of the solution.

The molar masses of Na2S04=142, sucrose=342, urea=60 g/mol.

Exercise 03

To measure the resistance of an electrolytic solution, a voltage of U=1 V is applied between the two
electrodes of the conductometric cell, and a current intensity of 12 mA is measured. The immersed
surface of the cell electrodes is S=1 cm? and the distance between these two electrodes is L=1 cm.

1. Calculate the resistance (R) of the solution between the two electrodes
2. conductance (G) of the solution between the two electrodes

3. conductivity (o) of the solution between the two electrodes

Exercise 04

Mix 200 ml of a 5 mol/l sodium chloride solution (KCL) with 800 ml of a 1.25 mol/l sodium chloride NaCl
solution.

Calculate the conductivity 0_1 and o_(2 )of each solution.
Calculate the conductivity o of the mixture.
The ionic molar conductivities A (Na*) =5.01x10-3, A (Cl7) =7.63x10-3 and A (K*) =7.35x10-3 S.m?/mol.

10. Interrogation of chapter |

[cf. Intr ]
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