Spectrophotometric Titrations and their application in Single-Component and Multi-Component
Analysis

Spectrophotometric Titrations
Definition:

Spectrophotometric titration is a technique where absorbance is measured at specific wavelengths
during the course of a titration to determine the endpoint or stoichiometry of a reaction.

Principle:

It relies on the Beer-Lambert law:

A=g-c'1A = \varepsilon \cdot ¢ \cdot |

As the titrant is added, the concentration of the absorbing species changes, altering the absorbance. A
plot of absorbance vs volume of titrant is used to locate the equivalence point.

Applications of Spectrophotometric Titration:
e Determination of metal ions with ligands.
e Acid-base titrations where one or both species absorb in UV-Vis region.
e Redox titrations involving colored species.

e Precipitation and complexometric titrations.

Single-Component Analysis
Definition:
Analysis of one analyte in a sample based on its characteristic absorbance at a specific wavelength.
Procedure:
e Measure the absorbance at Amax (wavelength of maximum absorption).
¢ Use a calibration curve or direct application of Beer-Lambert law.
e The concentration is calculated assuming no interference.
Example:

e Determination of paracetamol in a tablet formulation using its Amax around 243 nm.

Multi-Component Analysis (Simultaneous Analysis)
Definition:

Analysis of two or more analytes simultaneously in a mixture without prior separation using their
overlapping absorbance spectra.

Methods:



a. Simultaneous Equations Method:

e Measure absorbance at two wavelengths where both components have significant
absorbance.

e Solve equations based on absorbance values and molar absorptivities.
b. Absorbance Ratio Method (Isoabsorptive Point Method):

¢ One wavelength is the isoabsorptive point (where both species have equal absorptivity), and
another is the Amax of one component.

c. Derivative Spectrophotometry:
e Uses first or second derivative spectra to resolve overlapping peaks.
d. Multivariate Calibration Techniques:

o Partial Least Squares (PLS) or Principal Component Regression (PCR) for complex
mixtures.

Applications of Multi-Component Analysis:
e Pharmaceutical formulations containing multiple drugs.
e Quality control in chemical mixtures.

e Food additive analysis.
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