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Introduction to Gravimetric 
Analysis



Definition and Principles

Stoichiometric conversion

The method relies on the predictable relationship between the 

mass of a final, weighable product and the original substance, 

requiring a complete and known chemical reaction.

Analytical signal

Unlike methods that rely on light or volume, mass serves as the 

primary signal, necessitated by the use of high-precision analytical 

balances to ensure the reliability of the data.

Mass-based quantification

Gravimetric analysis is a fundamental quantitative technique 

where the mass of a pure compound is measured to determine the 

amount of an analyte present in a sample.
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Types of Gravimetric Methods

The analyte or its decomposition products are volatilized at a suitable temperature and the weight of 

the residue or the gas is determined.

Volatilization gravimetry

The analyte is separated from a solution as a precipitate and converted to a compound of known 

composition that can be weighed.

Precipitation gravimetry

The analyte is separated by deposition on an electrode by means of an electrical current and the mass 

of the product is measured.

Electrogravimetry



Advantages and Limitations

Provides absolute measurements based on mass without the need for calibration 

against standard solutions.

High precision and accuracy

Suitable for a wide range of inorganic and organic substances across various scientific 

and industrial fields.

Broad applicability

Requires extensive manual operations including precipitation, filtration, washing, and 

drying to reach a constant weight.

Time-consuming procedures
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Mechanism of Precipitate 
Formation



This parameter, defined by the formula (Q-S)/S, dictates whether a solution will favor 

the formation of many small nuclei or fewer large crystals.

Supersaturation and Nucleation

Relative Supersaturation

A microscopic phenomenon where a minimum number of atoms or ions come together 

to form a stable solid phase, often triggered by high supersaturation levels.

Nucleation Process

The spontaneous creation of these tiny "seeds" is the first step in precipitation, and its 

rate increases exponentially with the degree of supersaturation in the system.

Initial Phase



Particle Growth

Solute molecules or ions deposit onto 

existing nuclei to increase the particle size.

Condensation process

The growth rate is governed by the speed at 

which reactants migrate through the solution 

to the crystal surface.

Diffusion control

Chemical integration of ions into the crystal 

lattice structure following the initial 

adsorption onto the surface.

Surface reaction
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Von Weimarn’s Theory

02

Nucleation rate

Proposes that the initial velocity of precipitation is 

proportional to the concentration of the solute minus 

its solubility.

Particle size control

Suggests that lower relative supersaturation promotes the 

formation of larger, purer crystalline precipitates.
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Relative supersaturation

Defines the relationship between nucleation rate and 

the degree of supersaturation in a solution.
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Types of Precipitates



Crystalline Precipitates

01 These precipitates consist of well-ordered, macroscopic particles with diameters typically greater than 

0.1 micrometers, allowing them to settle rapidly from the solution.

Particle Size

02 Due to their large and dense structure, crystalline solids are easily separated from the mother liquor 

using standard filter paper and require minimal rinsing to remove adsorbed impurities.

Ease of Processing

03 Crystalline formations generally possess high purity and a known stoichiometric composition, which 

are essential criteria for ensuring that the final mass accurately reflects the analyte concentration.

Purity levels



Curdy Precipitates

Formation 

mechanism

Result from the rapid 

aggregation of small primary 

particles into disorganized, 

cheese-like masses.

Physical 

characteristics

Possess a large surface area 

that tends to adsorb significant 

amounts of ions from the 

mother liquor.

Handling 

procedures

Require washing with an 

electrolyte solution to prevent 

peptization and ensure the 

precipitate remains filterable.



Gelatinous Precipitates

Contain large amounts of 

water trapped within the 

flocculated primary 

particles.

High water 

content

Possess a significant 

surface area that leads to 

high levels of surface 

adsorption and 

contamination.

Large surface 

area

Require specific 

coagulation techniques 

and heated electrolytes to 

prevent peptization 

during the washing 

process.

Difficult 

filtration
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Factors Affecting Solubility



Solubility reduction

Adding a reagent containing an ion already present in the equilibrium mixture shifts the balance toward the solid phase, 

significantly decreasing the precipitate's solubility.

Quantitative precipitation

In gravimetric analysis, a slight excess of the precipitating agent is often utilized to ensure the remaining concentration 

of the analyte in the solution is minimized for high accuracy.

Limitation of excess

While an excess of common ions reduces solubility, an overly large concentration may lead to unintended effects like 

the formation of soluble complexes or increased ionic strength.

Common Ion Effect



pH and Complexation

The solubility of precipitates containing anions of weak acids increases as the pH of the 

solution decreases.

Hydrogen ion effect

The formation of soluble complexes between the central metal ion and excess ligands can 

significantly increase the solubility of a precipitate.

Coordination effect

Maintaining a specific pH range through buffering is essential to control the competitive 

reactions between precipitation and complexation.

Buffer capacity influence



01 Endothermic dissolution processes
Most salts show increased solubility as temperature rises due to the positive enthalpy 

of solution.

Dielectric constant influence
Reducing the solvent's polarity, such as adding alcohol to water, decreases the 

solubility of inorganic precipitates.

Solubility product variations
Temperature shifts alter the equilibrium constant ($K_{sp}$), directly affecting the 

concentration of ions in a saturated solution.

Temperature and Solvent Effects
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Coprecipitation and 
Contamination



Surface Adsorption

Primary adsorption
The precipitate particles attract ions from the solution that are common to their 

own lattice, creating a charged surface layer that subsequently attracts counter-

ions of opposite charge.

Surface area

Mitigation strategies

This phenomenon is most significant in colloidal precipitates where the high 

surface-area-to-mass ratio provides numerous sites for foreign ions to attach, 

leading to significant mass errors.

Washing the precipitate with a solution containing a volatile electrolyte can 

displace adsorbed impurities, which are then removed during the subsequent 

drying or ignition process.
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The occurrence of ions with similar 

radii and charge replacing lattice 

ions within the crystal structure.

Isomorphous 

replacement

Mixed-Crystal Formation

The homogeneous distribution of 

impurities throughout the solid 

phase governed by thermodynamic 

equilibrium constants.

Equilibrium 

distribution

The reduction of contamination 

through the removal of interfering 

ions before precipitation or by 

selecting alternative reagents.

Minimization 

techniques



Occlusion and Mechanical Entrapment

Removal Methods

Digestion of the precipitate or recrystallization through slow 

precipitation are effective techniques to minimize these 

contaminants.

Influence Factors

The rate of precipitation and the degree of supersaturation 

significantly affect the extent of impurity entrapment.

Formation Mechanism

Impurities are physically trapped within the rapidly growing 

crystal lattice or between aggregating particles during 

precipitation.
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Post-Precipitation 
Processing



Digestion (Aging)

Particle growth

Heating the precipitate in contact with the mother liquor allows smaller particles to dissolve 

and reform on larger crystals, reducing the overall surface area and improving filterability.
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Impurity reduction

The process of recrystallization during digestion helps to expel trapped impurities from the 

crystal lattice, leading to a much purer solid product.

Structural stability

Aging allows the precipitate to reach a more stable thermodynamic state, which minimizes 

errors during the subsequent weighing and calculation phases.



Washing the Precipitate

0
3

Efficiency optimization

Employ multiple washings with small volumes of liquid 

rather than a single washing with a large volume to 

maximize contaminant removal.

0
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Electrolyte selection

Use appropriate volatile electrolytes in the wash liquid to 

prevent peptization of colloidal precipitates.

0
1

Impurity removal

Eliminate adsorbed ions and mother liquor from the surface of the 

precipitate to ensure chemical purity.



Filtration Techniques

Decantation 

method

Pouring the supernatant 

liquid through the filter first to 

prevent premature clogging of 

the filter media by the bulk 

precipitate.

Vacuum 

filtration

Utilizing a Buchner funnel and 

suction flask to accelerate the 

separation process for stable 

crystalline precipitates.

Filter paper 

selection

Choosing the appropriate 

grade and pore size of ashless 

filter paper based on the 

particle size of the precipitate.



07
Thermal Treatment: Drying 
and Ignition



Drying Processes

Heating the precipitate at temperatures typically between 110°C and 120°C ensures the elimination of 

adsorbed water and volatile organic solvents used during the washing stage.

Solvent removal

This low-temperature process aims to preserve the chemical identity of the precipitate while achieving a 

constant weight, suitable for substances that do not require decomposition.

Minimal chemical change

Effective drying prevents errors in final mass measurements caused by residual moisture, which is 

particularly critical for hygroscopic materials.

Weight stability
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Ignition and Decomposition

Chemical transformation
Converting the filtered precipitate into a stable weighing form with a definite 

stoichiometric composition.

Removal of volatile components
Eliminating residual solvent, adsorbed water, and volatile electrolytes through high-

temperature heating.

Thermal stability control
Maintaining precise temperature ranges to prevent over-decomposition or undesired 

secondary reactions of the precipitate.



Mass-temperature relationship
Record the continuous change in sample mass as a function of increasing 

temperature.

Thermal stability identification

Stoichiometric constant weight

Thermogravimetric Curves

Determine the specific temperature ranges where decomposition, 

dehydration, or oxidation occurs.

Define the optimal ignition temperature required to obtain a stable 

chemical form for accurate weighing.
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The Gravimetric Factor and 
Calculations



Understanding the Gravimetric Factor

Formula ratio

Calculation efficiency

Chemical equivalence

The gravimetric factor represents the stoichiometric ratio between the formula weight of the analyte and the 

formula weight of the precipitate, serving as a multiplier to convert the mass of the weighed product into the 

mass of the substance being analyzed.

It accounts for the number of moles of analyte contained within one mole of the precipitate, ensuring that the 

quantitative relationship reflects the actual chemical composition of the pure substance isolated.

Utilizing a pre-determined factor simplifies repetitive laboratory calculations, allowing for the rapid 

determination of results once a constant mass of the precipitate has been achieved after drying and cooling.



Stoichiometric Calculations

Definition of factors

Conversion process

Molar ratio application

Determine the numerical ratio between the molar masses of the 

analyte and the weighed precipitate form.

Establish the precise chemical equivalence based on balanced 

equations to relate the mass of the precipitate to the mass of the 

constituent.

Multiply the weight of the final precipitate by the gravimetric 

factor to obtain the precise quantity of the target substance.



Error Analysis in Gravimetry

Contamination of the precipitate by surface adsorption or occlusion of 

impurities leading to weight inaccuracies.

Coprecipitation effects

Systematic errors arising from the incomplete precipitation of the analyte due to 

finite solubility in the wash liquid.

Solubility losses

Incomplete decomposition or over-reduction of the precipitate during heat 

treatment affecting the final stoichiometric mass.

Ignition conditions
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Applications of Gravimetric 
Analysis



Specific precipitating agents, such as ammonia for Iron(III) or sulfate ions for Barium, are 

utilized to transform dissolved cations into stable, insoluble compounds.

Analysis of Inorganic Cations

Precipitation reagents

The resulting precipitates, such as Barium Sulfate ($BaSO_4$) or Ferric Oxide 

($Fe_2O_3$), are filtered, washed, and ignited to ensure a known chemical composition 

for precise mass calculation.

Stoichiometric conversion

Magnesium is commonly quantified by precipitation as magnesium ammonium 

phosphate, which is subsequently converted to magnesium pyrophosphate 

($Mg_2P_2O_7$) through high-temperature calcination.

Magnesium determination



Determination of Anions

Sulfate determination

Forming barium sulfate precipitates by 

adding barium chloride to a sample 

under controlled acidic conditions.

Chloride determination

Precipitating silver chloride from acidic 

solutions using silver nitrate as the 

precipitating agent.

Phosphorus determination

Utilizing magnesium ammonium 

phosphate precipitation followed by 

ignition to magnesium pyrophosphate 

for quantification.



Quality Control in Industry

Quantifying the concentration of specific components in finished goods to maintain consistency and 

safety standards.

Product batch testing

Determining the purity of bulk chemicals and ores to ensure they meet manufacturing specifications.

Raw material verification

Measuring the levels of heavy metals or pollutants in industrial effluents to comply with environmental 

regulations.

Waste stream monitoring
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