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Chemical Reaction Requirements

Reaction speed
The chemical process must occur almost instantaneously to allow for a practical titration 

where the equilibrium is reached immediately after each titrant addition.

Stoichiometric clarity
The reaction between the analyte and the titrant must follow a well-defined, fixed ratio to 

ensure accurate calculation of the unknown concentration.

Low solubility
The resulting precipitate must have an extremely low solubility product to ensure the 

reaction goes to completion and the equivalence point is sharply defined.



Represents the equilibrium constant for a 

solid substance dissolving in an aqueous 

solution.

Definition of Ksp

Solubility Product (Ksp) Review

Describes the balance between the 

undissolved solid and its constituent ions in 

a saturated solution.

Dynamic Equilibrium

Occurs when the ion product (Qsp) exceeds 

the solubility product constant (Ksp) at a 

given temperature.

Precipitation Condition



Common Ion Effect

The reduction in solubility of an 

ionic precipitate when a soluble 

compound containing one of its 

constituent ions is added to the 

solution.

Definition Quantitative analysis Analytical application

Calculation of the decreased 

molar solubility of the precipitate 

based on the solubility product 

constant (Ksp) and the 

concentration of the added 

common ion.

Enhancement of quantitative 

precipitation in gravimetric 

analysis and control of residual ion 

concentrations during titration 

processes.
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p-Function Calculation

01 The p-function, such as pAg or pX, is defined as the negative base-10 logarithm of the molar 

concentration of a particular ion, allowing for a manageable visual representation of vast concentration 

changes.

Logarithmic representation

02 Calculating p-values enables the determination of the titration curve's slope, which is critical for 

identifying the potential error margin and selecting an appropriate chemical indicator.

Sensitivity analysis

03 The calculation relies on the relationship between the analytical concentrations of the titrant and the 

analyte, governed by the solubility product constant ($K_{sp}$) of the resulting precipitate.

Master equation



Analyte concentration calculation

The concentration of the remaining analyte ions is determined by the initial amount minus the amount reacted with the 

added titrant.

Titrant ion suppression

The concentration of the titrant ions is extremely low and is governed by the solubility product constant ($K_{sp}$) of 

the precipitate.

Potential change rate

The change in pM (negative logarithm of metal ion concentration) occurs relatively slowly during this stage as the 

analyte remains in excess.

Pre-equivalence Point Region



01 Theoretical equivalence point
The stage where the stoichiometric amount of titrant has been added to react 

completely with the analyte.

Post-equivalence concentration
The phase where the excess titrant determines the concentration of the reacting ions 

in the solution.

Potential jump
The sharp change in p-function values occurring near the equivalence point, 

influenced by the solubility product constant.

Equivalence Point and Post-equivalence

02

03
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Magnitude of change

Higher concentrations of the analyte and titrant 

result in a more pronounced change in p-

function values near the equivalence point, 

leading to a steeper and more easily detectable 

inflection.

Concentration of Reactants

01

Detection threshold

When reactant concentrations are too low 

(typically below 0.01 M), the transition at the 

equivalence point becomes shallow, making it 

difficult for indicators or potentiometric 

methods to accurately signal the end of the 

reaction.

02



Completeness of Reaction

Titrant concentration

Higher concentrations of reactants increase the reaction 

completeness at the stoichiometric point, enhancing the 

sharpness of the end point.

Common ion effect

The presence of an appropriate excess of titrant ions can reduce 

the solubility of the precipitate, thereby improving the 

completeness of the reaction.

Solubility product constant

The smaller the solubility product of the precipitate, the more 

complete the reaction and the larger the titration jump.

03

02

01



Temperature and Solvent Effects

0
3

Adsorption equilibrium shifts

Temperature fluctuations influence the adsorption and 

desorption rates of indicator ions on the surface of the 

precipitate.

0
2

Dielectric constant influence

Adding organic solvents reduces the dielectric constant of the 

medium, thereby decreasing the solubility of ionic precipitates.

0
1

Solubility product variation

Changes in temperature directly alter the solubility product constant (Ksp) of 

the precipitate, affecting the titration jump range.
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Color-Forming Reagents

Mohr Method

This technique involves the titration of chloride or bromide ions with 

silver nitrate, using potassium chromate as an indicator to form a 

distinct red silver chromate precipitate at the end point.

Solubility equilibrium

The process relies on fractional precipitation, where the silver chromate 

only begins to form once the concentration of the primary analyte (like 

chloride) has been depleted to a specific level defined by the solubility 

product constants.



Color-Forming 

Reagents

Concentration optimization

While theoretical calculations suggest a specific molarity for the indicator, 

in practice, a more dilute solution (0.003 - 0.005 M) is preferred to prevent 

the yellow-orange color of the bulk solution from masking the first 

appearance of the red precipitate.

Titration error

Using an indicator concentration that deviates from the theoretical ideal 

introduces a small titration error, which can be quantified based on the 

excess volume of titrant required to reach a detectable color change.



Adsorption Indicators

Mechanism of action

Optimal titration conditions

Common indicator types

Utilize the change in color of an organic dye as it is adsorbed onto 

or desorbed from the surface of a precipitate at the equivalence 

point.

Employ weak organic acids or bases such as fluorescein, eosin, 

and dichlorofluorescein to signal the titration endpoint.

Require careful control of the solution pH and the avoidance of 

high electrolyte concentrations to ensure effective indicator 

adsorption.



Specific Ion Electrodes

Potential measurement

Nernstian response

Selectivity coefficient

Measuring the potential difference between a sensing electrode 

and a reference electrode to determine ion activity.

Quantifying the electrode's ability to distinguish between the 

primary analyte ion and interfering ions in the solution.

Ensuring the electrode follows a linear relationship between 

potential and the logarithm of ion activity within a specific range.
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Reaction Mechanism

Sequential precipitation

Solubility product sensitivity

End-point signaling

The method relies on the lower solubility of silver chloride compared to silver chromate, ensuring that chloride 

ions are consumed first to form a white precipitate before the indicator reacts.

Once the equivalence point is reached and chloride ions are depleted, the first excess of silver titrant reacts with 

the potassium chromate indicator to form a distinct reddish-brown silver chromate precipitate.

The concentration of the chromate indicator must be precisely managed so that the secondary precipitation 

occurs exactly at the point where the silver ion concentration rises sharply.



pH Control and Limitations

Optimal pH range
Maintain the solution between pH 6.5 and 10.5 to prevent silver hydroxide 

precipitation or chromate protonation.

Limitation on acidic conditions

Limitation on basic conditions

High acidity increases the solubility of silver chromate, leading to significant 

titration errors.

Excessive alkalinity causes the formation of silver oxide, interfering with the 

precision of the endpoint detection.

1

2

3



Applications and Interference

Interfering Ions

Presence of cations like barium or lead and anions like 

phosphate or arsenate must be avoided as they form insoluble 

silver salts.

pH Control

Requires strict maintenance of the solution pH between 6.5 

and 10.5 to prevent silver hydroxide formation or chromate 

protonation.

Halide Determination

Specifically used for the direct titration of chloride and 

bromide ions in neutral or weakly alkaline solutions.
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Back-Titration Procedure

The secondary titrant, typically potassium thiocyanate (KSCN), must be accurately standardized to 

determine the exact concentration of excess silver in the solution.

Reagent standardization

A known excess of standardized silver nitrate is added to the halide sample to precipitate all halide ions 

as silver salts, followed by the titration of the remaining unreacted silver ions.

Two-stage process

By calculating the difference between the initial amount of silver added and the amount measured 

during back-titration, the precise concentration of chloride, bromide, or iodide can be determined.

Quantifying analytes



Iron(III) as an Indicator

Acidic medium requirement

Titrations must be performed in nitric acid solution to prevent the hydrolysis of the iron(III) 

indicator.

03
Concentration control

The concentration of the iron(III) indicator must be carefully regulated to ensure maximum 

sensitivity and accuracy in detecting the equivalence point.

02

01
Detection of endpoint

The ferric ion reacts with excess thiocyanate titrant to form a distinct blood-red complex.



Maintaining high acidity prevents the hydrolysis of the iron(III) indicator and the 

precipitation of heavy metal ions.

Acidic Condition Advantages

Prevention of hydrolysis

Acidic conditions eliminate interference from anions like carbonate, oxalate, and 

phosphate that form insoluble silver salts in neutral solutions.

Enhanced selectivity

The formation of the soluble red [Fe(SCN)]2+ complex is most stable and visible in an 

acidic environment, ensuring precise titration results.

Stable endpoint detection
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Mechanism of Adsorption

Primary adsorption

During titration, the precipitate particles initially adsorb the lattice ion that is in excess (e.g., 

silver ions after the equivalence point), creating a positively charged primary layer.

03

02

01

Counter-ion attraction

Once the primary layer is established, oppositely charged indicator anions are attracted to the 

surface from the solution through electrostatic forces.

Color transformation

The sharp color change occurs not in the bulk solution, but on the surface of the precipitate 

due to the structural deformation of the indicator dye upon adsorption.



Fluorescein
Applied in the determination of chloride ions where the solution pH is 

maintained between 7 and 10.

Eosin

Dichlorofluorescein

Common Adsorption Indicators

Utilized for the titration of bromide, iodide, and thiocyanate ions in more 

acidic conditions with pH above 2.

Suitable for chloride determination in weakly acidic environments, 

typically functioning within a pH range of 4 to 10.



Conditions for Success

The indicator ion must carry a charge of the same sign as the titrant to ensure 

adsorption occurs only at the equivalence point.

Selection of indicators

The acidity of the solution must be maintained at a level that ensures the adsorption 

indicator remains in its appropriate ionic form.

Control of pH

Silver halide precipitates should be protected from strong light to prevent 

photochemical decomposition which can interfere with the color change.

Protection from light
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Determination of Halides

01 The most common application involves using the Mohr or Volhard methods to determine chloride 

content in water, clinical samples, or food products by forming a white silver chloride precipitate.

Chloride Analysis

02 These ions are typically measured via the Fajans method using adsorption indicators, where the 

endpoint is signaled by a distinct color change on the surface of the silver halide precipitate.

Bromide and Iodide Quantification

03 Halide determination is essential in industrial quality control to ensure that salinity levels in chemical 

reagents and environmental samples meet specific regulatory standards.

Practical Versatility



Analysis of Inorganic Anions

Chloride determination

Utilizing the Mohr method with potassium chromate as an indicator to 

quantify chloride levels in neutral solutions.

Halide mixture analysis

Applying the Volhard method to determine bromide and iodide 

concentrations via back-titration in acidic conditions.

Sulfate estimation

Indirect argentometric titration involving the precipitation of barium 

sulfate followed by silver ion quantification.



Standardizing Silver Nitrate Solutions

Utilize high-purity sodium chloride (NaCl) as the primary standard to ensure accurate 

concentration verification.

Primary standard selection

Implement the Mohr method using potassium chromate or the Fajans method using 

adsorption indicators to determine the equivalence point.

Indicator application

Maintain standardized solutions in amber glass bottles to prevent photochemical 

decomposition and ensure long-term stability.

Storage and stability
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Automation integration

Utilizing a silver indicator electrode paired with a reference electrode allows for the automated recording of potential 

changes, removing the subjectivity of visual color indicators.

Precision enhancement

This method provides significantly higher accuracy in determining the equivalence point, especially in dilute solutions 

where chemical indicators like chromate or ferric ions may fail to produce a sharp transition.

Versatile application

Potentiometric detection is particularly effective for analyzing complex mixtures of halides, as it can identify multiple 

inflection points in a single titration curve.

Potentiometric End Point Detection



Coprecipitation Errors

Surface Adsorption

Post-precipitation

Ions from the solution are held on the surface of the precipitate 

particles during formation.

Occlusion and Inclusion

Impurities are trapped within the crystal lattice or in physical 

pockets during rapid crystal growth.

A second insoluble substance slowly forms on the surface of the 

primary precipitate after the initial reaction.



Improving Selectivity

Instrumental detection methods
Utilizing potentiometric or photometric sensors to precisely identify titration endpoints 

in complex matrices.

Chemical masking agents
Adding specific reagents to sequester interfering ions and prevent competitive 

precipitation reactions.

Controlled pH environments
Adjusting the acidity of the solution to optimize the solubility product constants for the 

target analyte.
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