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LAW OF EQUIVALENCE

Applications of Law of Equivalence

The Law of Equivalence stands as a significant approach in gravimetric calculations, offering an
alternative method for determining quantities in chemical reactions. It serves as a foundational
principle in stoichiometry, particularly in the context of equivalent weights. Let's delve into the
calculation process, illustrating its application through an example involving the reaction of
hydrochloric acid (HCI) with sodium hydroxide (NaOH).
Calculation Process:
Consider the reaction between HCl and NaOH:
HCIl 4+ NaOH — Products
In the Law of Equivalence, the crux lies in the equality of equivalents.
For this reaction, the equivalents of hydrochloric acid (HCI) are equated to the equivalents of sodium
hydroxide (NaOH).
This can be expressed as:
Equivalent of HCI = Equivalent of NaOH
This equality arises from the stoichiometry of the balanced chemical equation, ensuring a balanced
and precise comparison of the reacting substances.
In more practical terms, the equivalent of a substance is a measure that accounts for its role in a
reaction. It takes into consideration factors such as basicity for acids and acidity for bases. For example,
if one mole of hydrochloric acid reacts with one mole of sodium hydroxide, their equivalents are
considered equal in this specific reaction.
This principle is foundational in gravimetric analysis, enabling chemists to relate quantities of reacting
substances accurately. By adhering to the Law of Equivalence, scientists can unravel the intricacies of
chemical reactions and make informed predictions about the quantities involved in various chemical
processes.
The Law of Equivalence stands as a universal principle applicable to the entirety of reactions utilized
in volumetric analysis. This law becomes particularly pivotal at the endpoint of a reaction, where a
precise equivalence between the reacting substances is established.
At the endpoint, the Law of Equivalence manifests in the equality of equivalents between one reactant
and the other. This equilibrium is expressed mathematically as:
Equivalents of one reactant = Equivalents of other reactant
Here, the determination of equivalents involves factors such as the number of equivalents, weight,
equivalent weight, normality (NV), n-factor (equivalency factor), molarity (MV), and the number of

moles.
Mathematically, these relationships can be defined as:
Weight
(Number of equivalents or — 8 _ NV itery or n-factor X MV or n-factor x
Equivalent weight

Number of moles)

The equation N1V1 = N2V2 encapsulates a fundamental principle in volumetric analysis, asserting an
equilibrium between the normality’s and volumes of two reacting substances.

Extending this concept further, the equation (n-factor)iMiVi = (n-factor):M2V: establishes an
equivalency relationship considering molarity, n-factor, and volume for both reactants.

A parallel equivalence relation, (n-factor): X (Number of moles): = (n-factor)z X (Number of moles):
, delves into the stoichiometry of the reaction, connecting the n-factors and the respective moles of

reacting substances.

Wy _ W,
Equivalent weight; ~ Equivalent weight,
weights and equivalent weights of substances involved in the reaction.

Further, the equation addresses the relationship between the
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Molecular weight

The concept of n-factor is expressed as n - factor = , emphasizing the molecular and

Equivalent weight
equivalent weights as crucial parameters.

» Number of equivalents is calculated based on the weight of the substance and its equivalent
weight.

NV giter) represents the normality multiplied by the volume in liters.

n-factor denotes the equivalent factor for the specific substance in the reaction.

MV signifies the molarity multiplied by the volume in liters.

Number of moles is a crucial parameter in stoichiometric calculations.

This intricate interplay of parameters underscores the precision and reliability of the Law of
Equivalence in volumetric analysis. It not only serves as a guiding principle in determining the
endpoint of reactions but also forms the foundation for accurate quantification and stoichiometric
calculations in the realm of volumetric analysis.

YV VY

Regular Titration
The conventional titration method, known as regular titration, constitutes a fundamental approach
wherein an unknown compound undergoes a reaction with a compound of known titration
characteristics. This process involves the direct interaction between the unknown compound and the
known titrant, leading to several crucial steps.
In the initial stages, the unknown compound is subjected to direct reaction with the known titrant. The
reaction progresses until a specific point known as the endpoint is reached. This endpoint signifies the
completion of the chemical reaction between the unknown and known compounds.
The determination of the endpoint holds paramount significance in regular titration. It serves as a
precise indicator, marking the conclusion of the reaction. This is often visually identified through a
change in color, the appearance of a precipitate, or other observable alterations in the reaction mixture.
Utilizing the knowledge of the endpoint, chemists can extrapolate valuable information about the
sample solution under investigation. Specifically, the number of unknown compounds present in the
sample solution can be quantified. This determination is based on the stoichiometry of the reaction
and the known concentration of the titrant, providing a quantitative insight into the composition of the
analyzed sample.
In summary, regular titration is a foundational technique that relies on the interaction between an
unknown compound and a compound with known titration properties. The endpoint of the titration
serves as a critical marker, allowing for the precise determination of the quantity of unknown
compounds in the analyzed sample solution, thereby contributing to the quantitative understanding of
chemical compositions.

Back Titration
The Law of Equivalence proves to be a universal and foundational principle, finding application in all
reactions employed in volumetric analysis. At the critical juncture known as the endpoint, this law
manifests as a crucial equilibrium, where the equivalents of one reactant precisely equal the
equivalents of the other.
Expressed mathematically as:

Equivalents of one reactant = Equivalents of other reactant

This equivalence relationship involves several key parameters, where the number of equivalents,
weight, and equivalent weight are interconnected with factors such as NV (normality multiplied by
volume in liters), n-factor (equivalency factor), MV (molarity multiplied by volume in liters), and the
number of moles.

Mathematically, these relationships can be defined as:
Weight

Number of equivalents or ———————
Equivalent weight

= NV iter) or n-factor X MV or n-factor X Number of moles
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The number of equivalents is determined based on the weight of the substance and its equivalent
weight. NV (liter) signifies the product of normality and volume in liters. The n-factor represents the
equivalent factor specific to the substance in the reaction, while MV is the product of molarity and
volume in liters. The number of moles, a critical parameter in stoichiometric calculations, also plays a
significant role in these relationships.

This intricate interplay of parameters underscores the precision and reliability of the Law of
Equivalence in the realm of volumetric analysis. It not only serves as a guiding principle in pinpointing
the endpoint of reactions but also establishes the foundation for accurate quantification and
stoichiometric calculations. The universal applicability of this law across volumetric analyses
underscores its fundamental role in the meticulous and quantitative assessment of chemical reactions.

Double Titration
This process involves the titration of a specific compound using various indicators. In the case of a
solution containing both NaOH and Na,CO3, the use of phenolphthalein as an indicator leads to
specific reactions occurring at the phenolphthalein endpoint:
NaOH + HCl - NaCl + Hz0
Naz2CO3 + HCl = NaHCOs3 + NaCl
In this context, the equation representing the relationship between equivalents is given by:
Equivalents of NaOH + Equivalents of Na2CO3 (n-fac = 1) = Equivalents of HCI (D
On the other hand, when methyl orange is employed as the indicator, Na,CO3 undergoes a conversion
into NaCl, CO,, and H,O0.
As aresult, the equation expressing the equivalence relationship becomes:
Equivalents of NaOH + Equivalents of Na2CO3 (n-fac=2) = Equivalents of HCI ()]
This double titration process can be conducted by using phenolphthalein and methyl orange either in
sequence or separately. Consequently, the law of equivalents is applied to determine the percentage
composition of the mixture, utilizing equations (i) and (ii) when the consumption of HCI in the two
distinct steps is provided.

Key Aspects of Double Titration:

Composition of the Mixture:
The primary objective of a double titration is to unravel the composition of a complex mixture. By
subjecting it to titration against a strong acid, chemists can obtain valuable insights into the
concentrations of individual components within the mixture.

Indicator Selection:
Unlike traditional titrations that often use a single indicator, double titrations necessitate the
employment of two indicators. Phenolphthalein and methyl orange are commonly chosen indicators,
each contributing to the identification of specific endpoints.

Sequential Reactions:
Understanding the reactions involved is pivotal in grasping the nuances of double titration. For
instance, in a mixture of two bases like NaOH + Na,COs or Na,CO3 + NaHCO3, the stronger bases react
initially with the acid, reaching the first endpoint. Subsequently, the weaker base continues the
reaction, culminating in the second endpoint.

Calculation Considerations:
Before delving into the calculation aspect, familiarity with the sequence of reactions is paramount. By
strategically navigating the titration steps, monitoring color changes prompted by dual indicators, and
comprehending the chemical transformations involved, chemists can derive quantitative insights into
the composition of the mixture.
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In essence, double titration emerges as a sophisticated and versatile analytical tool, particularly
suited for scenarios involving intricate mixtures. The meticulous use of two indicators and a
comprehensive understanding of sequential reactions underscores the precision and depth of this
titration technique.
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