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Complexometric titration

Complexometric Titration

Introduction:

Complexometric titration is a volumetric analysis technique used to determine the
concentration of metal ions by forming a complex with a chelating agent (titrant).

Itis commonly applied in fields such as chemistry, environmental science, and
pharmaceutical analysis, particularly for quantifying metal ions, especially transition metals.

Principle:

e The titration is based on the formation of stable complexes between metal ions and chelating
agents.

Chelating agents, such as EDTA, have multiple donor atoms (e.g., oxygen, nitrogen) that form
coordinate bonds with metal ions, creating complexions.

Key Components:

1. Analyte:
» The metalion (or ions) whose concentration is being determined.

2. Titrant (Complexing Agent):

» Achelating agent added in a known volume and concentration to form complexes with
the metalions.

» Common agents include EDTA and DTPA.
3. Indicator:
» Signals the endpoint, often through a color change.

» Examplesinclude Eriochrome Black T or Murexide, which change color when the metal
ion forms a complex with the chelating agent.

Applications:

Determination of metal ion concentrations in environmental samples (water, soil).
Analysis of trace metals in pharmaceuticals.

Quality control in food and beverage production.

Monitoring heavy metal pollution in industrial effluents.

Research in analytical chemistry and metallurgy.

Methods for Endpoint Detection:

1. Visual Indicators:
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» Indicators like Eriochrome Black T change color when they form a complex with metal
ions.

» Asecond color change indicates the endpoint when all metal ions are complexed.

2. Potentiometric Detection:

» Measures potential difference between electrodes.

» The endpointis marked by a sharp change in potential as all metal ions react with the
chelating agent.

3. Conductometric Detection:

» Monitors the electrical conductivity of the solution.

» The endpointis reached when conductivity changes significantly as metal complexes
form.

4. pH-Metric Detection:

» Tracks pH changes during titration.

» Asudden pH shift indicates the endpoint when all metal ions are complexed.

PM Indicator in Complexometric Titration

e Theterm PM indicator refers to the Patton-Reeder indicator, used in complexometric
titrations.

e Itis nota category, but a specific indicator named after its developers, Patton and Reeder.

Common Indicators Used in Complexometric Titrations:

1. Eriochrome Black T (EBT)
Murexide (Ammonium Purpurate)

. Calcon (1-hydroxy-3-(m-sulfonatophenylazo)-2-naphthoic acid)

2
3
4. Solochrome Dark Blue (SDB)
5

. Xylenol Orange

Classification of Complexometric Titrations

1. Direct Titration:

» Inthis method, metalions in the sample are titrated directly with a chelating agent,
such as EDTA.

The endpointis detected using an indicator like Eriochrome Black T or by instrumental
methods (e.g., potentiometric or conductometric detection).

Direct titrations are the simplest and most commonly used complexometric titrations.
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2. Back Titration:

» Back titration is used when direct titration is challenging, such as when the endpoint is
not well-defined, or the reaction is slow.

In this method, the metalions are first reacted with an excess of the chelating agent.

The unreacted chelating agent is then titrated with a standard solution of a metalion
(e.g., zinc or magnesium) of known concentration.

» The endpointis detected using the same methods as in direct titration.

3. Replacement (Displacement) Titration:

» Used when the metalions do not readily form a stable complex with the chelating agent
or when the endpoint is difficult to detect.

» A metalion (such as calcium or magnesium) that readily forms a stable complex with
the chelating agent is added to displace the analyte metalions.

» The displaced metalions are then titrated with the chelating agent, and the endpoint is
detected similarly to direct titration.

4. Alkalimetric Titration:

» Although not a type of complexometric titration, alkalimetric titration refers to
titrations used to determine the acidity or alkalinity of a solution using a strong acid or
base.

» Also known as acid-base titrations, these are not typically categorized under
complexometric titrations.

This arrangement clarifies the different types of complexometric titrations, highlighting the
appropriate classification and method of detection for each.

Metal ion indicators

Metalion indicators, also known as chelating indicators or metallochromic indicators, are
organic compounds that form colored complexes with metalions.

They are used in complexometric titrations to detect the endpoint, which occurs when all the
metal ions in the sample have reacted with the chelating agent.

Indicators are selected based on their ability to form weak complexes with the metal ions
being analyzed.

How They Work:

e The formation of a colored complex between the metalion and the indicator causes a visible
color change.

During the titration, the chelating agent (e.g., EDTA) has a stronger affinity for the metal ions
and displaces the indicator, breaking the weak complex and causing a color change.
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¢ When all metal ions have reacted with the chelating agent, any excess chelating agent reacts
with the indicator, causing another color change that signals the endpoint of the titration.

This concise explanation covers the role and function of metal ion indicators in complexometric

Masking and demasking reagents

Introduction

Masking and demasking are techniques used to selectively protect or reveal certain ions or
functional groups during chemical reactions or analysis.

These techniques are particularly useful in complex mixtures to control the reactivity of
specific components and prevent unwanted side reactions.

. Masking

» Masking involves temporarily protecting a specific ion or group by forming a stable, less
reactive complex with a masking agent.

» This allows selective reactions to occur without interference from the masked species.

Example: In complexometric titrations, a masking agent can bind certain metalions,
preventing them from reacting with the titrant while allowing other ions to be titrated.

B. Demasking

» Demasking is the reverse process where the masked ion or group is released by altering
conditions (e.g., pH) or adding a demasking agent.

Example: After completing the titration of unmasked ions, demasking agents can be
added to release the previously masked ions, allowing them to be titrated separately.

Masking and Demasking Reagents

Common Masking Reagents

> Ethylenediaminetetraacetic acid (EDTA): Masks many metal ions by forming stable
complexes.

Cyanide ions (CN"): Masks metals like silver (Ag*) and copper (Cu®*) by forming cyanide
complexes.

Dimethylglyoxime (DMG): Masks nickel (Ni**) by forming a stable red complex.

1,10-Phenanthroline: Masks iron (Fe**) by forming a stable complex.

Common Demasking Reagents

Hydrogen peroxide (H,0,): Demasks chromium (Cr**) from its EDTA complex by oxidation.
Oxalic acid: Demasks calcium (Ca*) from fluoride by forming calcium oxalate.

Ammonium hydroxide (NH,OH): Demasks aluminium (Al%**) and iron (Fe®**) from fluoride
complexes by raising the pH.
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