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The method involves adding a known excess of silver nitrate to precipitate chloride ions 

as silver chloride, then titrating the remaining unreacted silver ions with a standardized 

potassium thiocyanate solution.

Definition and Principles

Back-titration strategy

Ferric ammonium sulfate is used as the indicator, where the completion of the reaction 

is signaled by the formation of a distinct soluble red-brown complex, iron(III) 

thiocyanate, upon the first slight excess of thiocyanate.

Chemical indicators

The titration must be performed in a strongly acidic medium, typically using nitric acid, 

to prevent the hydrolysis of the ferric indicator and ensure the precision of the 

precipitate formation.

Reaction environment



Importance of Chloride Analysis
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Concrete durability assessment

Evaluate chloride ion penetration in reinforced concrete to 

prevent structural corrosion and failure.
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Food industry standards

Ensure the sodium chloride content in processed foods 

complies with nutritional labeling regulations.
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Water quality monitoring

Assess the salinity levels and potability of water resources for environmental 

safety.



Application of Volhard Method

Precipitation Titration
Used for the indirect determination of halides such as chloride, bromide, and 

iodide in acidic solutions.

Quantification of Silver

Industrial Quality Control

Applied in the direct titration of silver ions using a standard thiocyanate solution 

with iron(III) as an indicator.

Utilized in chemical manufacturing and environmental testing to ensure accurate 

salt concentration levels in various samples.
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Chemical Reactions and 

Mechanism

02



Primary Precipitation Reaction

The reaction is carried out in a strongly acidic solution (using $HNO_3$) to prevent the precipitation of 

interfering anions like carbonates or phosphates.

Nitric Acid Environment

Chloride ions in the sample react with a known excess of silver nitrate to form a white, insoluble 

precipitate of silver chloride ($AgCl$).

Silver Chloride Formation

By adding more silver nitrate than is stoichiometrically required, the method ensures all chloride ions 

are completely consumed, leaving residual silver ions for subsequent analysis.

Excess Reagent



Precipitation of silver chloride
An excess amount of standard silver nitrate solution is added to the sample 

to precipitate all chloride ions.

Titration of excess silver

End-point determination

Back-Titration Process

The unreacted silver ions are back-titrated with a standard potassium 

thiocyanate solution in an acidic medium.

A ferric alum indicator reacts with the first excess of thiocyanate to form a 

soluble reddish-brown complex.



Endpoint Indicator Reaction

Color transformation

The appearance of a persistent reddish-

brown color signals the completion of 

the titration.

Indicator interaction

The excess silver ions react with the 

iron(III) indicator to form a soluble red 

complex.

Reaction sensitivity

The reaction occurs in an acidic 

medium to prevent the hydrolysis of the 

ferric ions.



Reagents and Solutions 
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Silver Nitrate (AgNO3) Solution

Silver nitrate must be accurately weighed and dissolved in deionized water to create a 

standard solution, typically around 0.1 M, used to precipitate chloride ions as silver 

chloride.

Precise concentration

Due to its high sensitivity to light, the solution must be stored in amber glass bottles or 

kept in a dark cupboard to prevent the reduction of silver ions to metallic silver, which 

would alter its titer.

Photoprotective storage

While AgNO3 can sometimes be used as a primary standard, it is often verified against a 

primary standard of sodium chloride (NaCl) to ensure the highest degree of volumetric 

accuracy.

Standardization necessity



Prepare a standard 

solution of approximately 

0.1 mol/L by dissolving solid 

KSCN in distilled water.

Reagent 
concentration

Standardization 
process

Storage 
requirements

Titrate the solution against 

a primary standard silver 

nitrate solution using ferric 

alum as an indicator.

Keep the solution in a cool, 

dark environment to 

maintain its stability for 

accurate titration.

Potassium Thiocyanate (KSCN) Solution



Ferric Ammonium Sulfate Indicator

Indicator function

Serves as the visual indicator to detect the equivalence point by 

forming a reddish-brown complex with excess thiocyanate ions.

Storage conditions

Store in a brown reagent bottle away from light to maintain the 

stability of the ferric ions and prevent precipitation.

Preparation method

Dissolve 40g of ferric ammonium sulfate in 100mL of distilled 

water and add a few drops of concentrated nitric acid to prevent 

hydrolysis.
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Burettes

Essential for transferring accurate aliquots 

of the chloride sample and the standardized 

silver nitrate solution, ensuring the initial 

reaction stoichiometry is controlled.

Pipettes

Volumetric Flasks

Utilized for the preparation of standard 

solutions and the dilution of unknown 

samples to a specific volume, maintaining 

high concentration accuracy.

Used for the precise delivery of potassium 

thiocyanate during the back-titration 

phase to determine the exact amount of 

excess silver ions remaining.

Volumetric Glassware



Filtration Setup

Filter paper

Selected with appropriate porosity to ensure complete 

retention of fine precipitates during the washing process.

Buchner funnel

Used for vacuum filtration to separate silver chloride 

precipitates from the solution efficiently.

Filter flask

Provides a collection vessel for the filtrate while maintaining 

a stable vacuum environment.



Nitrile gloves

Protect eyes from accidental 

splashes of corrosive reagents and 

metal salt solutions.

Safety goggles

Laboratory coat

Shield skin and clothing from 

potential chemical spills and 

staining agents.

Provide chemical resistance 

against silver nitrate and nitric 

acid during titration.

Safety Equipment



Experimental Procedure
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Sample Preparation

The chloride-containing sample must be weighed with precision on an analytical balance 

to ensure the final calculations reflect the true mass percentage of the analyte.

Accurate weighing

The sample is dissolved in distilled water to create a clear test solution, ensuring that all 

chloride ions are fully liberated and available for reaction with the silver ions.

Solution homogenization

If the initial sample contains insoluble impurities, it must be filtered to prevent physical 

interference with the visual detection of the titration endpoint.

Sample filtration



Addition of Excess Silver Nitrate

Accurate Volume Measurement

Acidification of Medium

Quantitative Precipitation

Pipette a specific volume of the sample solution into a conical flask to ensure a known initial chloride 

concentration.

Add a measured excess of standard silver nitrate solution to ensure all chloride ions react to form silver chloride 

precipitate.

Maintain the reaction environment under acidic conditions using nitric acid to prevent the interference of silver 

oxide or other basic salts.



Titration with Thiocyanate

01 Calibrate the ammonium thiocyanate solution against a standard silver nitrate solution to ensure 

precise molarity.

Standardization of solution

02 Introduce ferric ammonium sulfate as the indicator to the acidified filtrate containing excess silver ions.

Addition of indicator

03 Titrate until the first permanent reddish-brown color of the ferric thiocyanate complex appears.

Determination of endpoint
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Acidification with Nitric Acid (HNO3)

Hydrolysis prevention
Nitric acid is added to maintain a low pH, which prevents the hydrolysis of the ferric 

ammonium sulfate indicator into hydrated ferric oxides that would obscure the endpoint.

Ion interference
The acidic environment ensures that anions like carbonate, oxalate, or phosphate do not 

precipitate with silver, as their silver salts are soluble in nitric acid, thereby maintaining the 

specificity for chloride.

Indicator sensitivity
Acidification promotes the formation of the soluble red-colored complex [Fe(SCN)]²⁺ at the 

equivalence point, ensuring the "flesh-colored" supernatant is clearly visible to the analyst.



Use of Nitrobenzene or Diethyl Ether

Coating silver chloride precipitates

Forms a protective layer around the AgCl particles to prevent them from reacting with the 

excess thiocyanate ions.
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Preventing titration errors

Minimizes the conversion of AgCl to AgSCN, which would otherwise lead to an overestimation 

of the chloride content.

Enhancing end-point stability

Ensures a sharp and lasting color change by isolating the precipitate from the aqueous titration 

environment.



01 Prevention of silver salt hydrolysis
Maintains an acidic environment to ensure silver ions remain in solution and prevent 

the formation of interfering precipitates.

Elimination of carbonate interference
Reacts with and removes carbonate or phosphate ions that could form insoluble silver 

salts and cause positive errors.

Avoidance of premature endpoints
Ensures the ferric indicator functions correctly by preventing the hydrolysis of iron(III) 

ions during the titration process.

Impact on Accuracy
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Calculation of Total Silver Moles

The precise volume of the 

standardized silver nitrate 

(AgNO₃) solution added to 

the halide sample must be 

recorded to ensure an 

excess of silver ions is 

present.

Initial volume

The total moles of silver 

are calculated by 

multiplying the molar 

concentration of the silver 

nitrate titrant by the 

volume dispensed, 

serving as the baseline for 

the back-titration.

Molarity 

conversion

Based on the reaction Ag⁺

+ X⁻ → AgX, the total silver 

moles represent the 

combined amount 

required to precipitate the 

chloride and the 

remaining excess to be 

titrated.

Stoichiometric 

ratio



Volume measurement

Molar concentration

Stoichiometric ratio

Calculation of Excess Silver Moles

Record the volume of standard potassium thiocyanate solution used in the 

back-titration process.

Utilize the known molarity of the KSCN solution to determine the moles of 

thiocyanate reacted.

Calculate the moles of excess silver ions based on the 1:1 reaction ratio between 

silver and thiocyanate.



Final Chloride Concentration

Calculated molarity
Determine the exact concentration of chloride ions based on the volume of silver nitrate 

consumed during titration.

Back-titration formula
Apply the stoichiometric relationship between silver ions, chloride ions, and thiocyanate 

back-titrant to find the net reacted silver.

Mass-volume percentage
Convert the final molar concentration into grams per liter or percentage by mass to meet 

standard reporting requirements.



Error Analysis and 

Troubleshooting

08



The reddish-brown [Fe(SCN)]²⁺ complex can be subtle at first, leading to over-titration if 

the analyst waits for a deep color rather than the first faint, permanent tinge.

Over-titration and Color Detection

Endpoint sensitivity

Adding insufficient ferric ammonium sulfate can delay the appearance of the endpoint, 

while too much can mask the color change due to the yellow tint of concentrated Fe³⁺

ions.

Indicator concentration

Variations in laboratory lighting can affect the perception of the red complex, 

necessitating a consistent white background to ensure the endpoint is identified 

accurately across all replicates.

Lighting conditions



Precipitate Interference

Silver chloride solubility

Adsorption phenomenon

Coagulation effects

The higher solubility of AgCl compared to AgSCN can cause a back-

titration reaction, leading to negative errors.

Improperly coagulated precipitates may trap analyte ions within 

their matrix, hindering complete reaction with the titrant.

Silver ions may be adsorbed onto the surface of the precipitate, 

resulting in an inaccurate determination of the titration endpoint.



Standardization Errors

End-point misjudgment

Difficulty in identifying the faint reddish-brown color transition results in systematic 

titration volume errors.

03
Volumetric inaccuracies

Improper calibration or handling of pipettes and volumetric flasks affects the precision of 

the standard solution concentration.

02

01
Reagent impurity

Use of contaminated silver nitrate or ammonium thiocyanate can lead to inaccurate 

molarity calculations.
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Handling Hazardous Chemicals

Acid safety
Concentrated nitric acid is highly corrosive and emits toxic fumes, requiring use 

within a functional fume hood while wearing appropriate gloves and eye protection 

to prevent chemical burns.

Silver toxicity

Proper labeling

Silver nitrate and other silver salts are toxic to aquatic life and can cause skin 

irritation or permanent staining; they must be handled with care to avoid direct 

contact and accidental ingestion.

All chemical containers, especially those containing intermediate reaction 

mixtures, must be clearly labeled with their concentration and hazard warnings to 

prevent accidental misuse or improper mixing.
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Silver Waste Recovery

02

Chemical reduction process

Use reducing agents to convert silver ions back into 

metallic silver for reuse.

Storage and labeling

Ensure recovered silver is stored in amber glass bottles 

and clearly labeled with concentration data.

01

Collection of precipitates

Gather all silver chloride residues in a designated 

container for chemical processing.



Triple-rinse all used burettes and flasks with deionized 

water to ensure no residual silver ions or thiocyanate 

remain.

Glassware rinsing

Collect all solutions containing silver and mercury in 

designated heavy metal waste containers for 

specialized chemical treatment.

Waste disposal

Wipe down all work surfaces with absorbent materials 

to remove any spilled acidic titrants or indicator 

solutions.

Bench decontamination
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Clean-up and Glassware Care



Thank you

Template for educational


