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Introduction to Gravimetric 

Analysis



Definition and Principles

Stoichiometric calculation

Phase separation

Conservation of mass

The core principle relies on the relationship between the mass of a final, stable product and the initial amount 

of analyte, utilizing the known chemical formula and molar masses.

Gravimetry assumes that all of the target analyte is successfully converted into a measurable form, allowing for 

highly accurate quantitative results without the need for a calibration curve.

The process typically involves isolating the desired substance from the sample matrix through physical or 

chemical means, ensuring that only the analyte of interest contributes to the final mass.



Types of Gravimetric Methods

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

known composition for weighing.

Volatilization gravimetry
The analyte or its decomposition products are volatilized at a suitable temperature and 

the weight loss is measured.

Electrogravimetry
The analyte is separated by deposition on an electrode through an electrochemical 

reaction and subsequently weighed.



Accuracy and Precision

0
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Equipment calibration

Regular verification of analytical balances and crucibles to 

meet the required decimal specifications for high-precision 

results.

0
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Analytical consistency

Maintaining reproducibility across multiple trials to ensure the 

reliability of the calculated phosphorus concentrations.

0
1

Error minimization

Implementing rigorous weighing techniques and sample handling protocols 

to reduce systematic and random errors.



02
Properties of Phosphorus and 

Phosphate



Role of Phosphorus in Samples

Phosphorus is a critical component of DNA, RNA, and ATP, making it a primary analyte in 

agricultural soil testing and food nutritional analysis.

Biological Essentiality

In chemical samples, phosphorus frequently appears as phosphates in detergents, 

fertilizers, and flame retardants, requiring precise quantification for environmental 

compliance.

Industrial Additives

It serves as a foundational element in mineralized tissues, such as hydroxyapatite in bones 

and teeth, which often necessitates acid digestion before gravimetric analysis.

Structural Presence



Chemistry of Phosphate Ions

Solution 

Equilibrium

Phosphate ions undergo 

stepwise hydrolysis in aqueous 

solutions forming H2PO4-, 

HPO42-, and PO43- species 

depending on the pH.

Precipitation 

Reactivity

Phosphate ions react with 

magnesium ammonium 

mixtures in alkaline conditions 

to form insoluble magnesium 

ammonium phosphate 

hexahydrate.

Complex Formation

Orthophosphate ions interact 

with molybdate reagents in 

acidic environments to produce 

yellow phosphomolybdate 

complexes used for qualitative 

identification.



Solubility Guidelines

Solubility of Alkali Metal Phosphates
Most alkali metal and ammonium phosphates are soluble in water, facilitating 

initial sample preparation.

Precipitation of Alkaline Earth Phosphates

PH Dependency

Phosphates of alkaline earth metals and transition metals are generally insoluble in 

neutral or basic solutions.

The solubility of various phosphate species is highly sensitive to pH levels, which is 

critical for controlling precipitation reactions.
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Objectives of the Experiment



Quantitative Determination

Adding 0.4 M $MgSO_4$ and 6 M $NH_3$ to the filtrate facilitates the formation of a magnesium 

ammonium phosphate precipitate, allowing for the isolation of phosphorus from the complex mixture.

Precipitation accuracy

Utilizing an analytical balance to weigh approximately 0.556 g of fertilizer ensures the sample contains 

sufficient phosphorus for accurate stoichiometric analysis.

Measurement precision

Monitoring the reaction environment with red litmus paper ensures the solution is sufficiently basic for 

complete precipitation, minimizing measurement errors.

Purity verification



Mastering Laboratory Techniques

Perform precise weighing of samples and crucibles to ensure accuracy in quantitative 

measurements.

Analytical balance operation

Execute correct procedures for forming stable precipitates and using ashless filter paper 

for separation.

Precipitation and filtration

Master the techniques of heating, cooling in a desiccator, and repeated weighing until 

consistent results are achieved.

Constant weight determination



Calculation Proficiency

Theoretical yield computation

Data normalization techniques

Error analysis execution

Perform precise stoichiometric calculations to determine the 

expected mass of magnesium pyrophosphate precipitate based on 

sample weight.

Apply statistical methods to evaluate relative standard deviation 

and identify potential sources of systematic and random errors.

Convert raw gravimetric measurements into standardized 

percentage concentrations of phosphorus pentoxide with 

appropriate significant figures.
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Reagents and Equipment



Required Chemical Reagents

Phosphorus Source
A commercial fertilizer sample, typically weighed to 

approximately 0.55g, serves as the primary analyte for 

determining phosphate concentration.

01

Precipitating Agents
Magnesium sulfate and ammonia solution are added 

sequentially to facilitate the formation of magnesium 

ammonium phosphate hexahydrate.

02

Indicators
Red litmus paper is utilized as a qualitative tool to 

confirm the basicity of the solution, ensuring the reaction 

has reached completion when the paper turns blue.

03

Solvent and Wash
Distilled water is used to dissolve the initial sample and 

to rinse the filter paper, ensuring maximum recovery of 

the phosphorus-bearing solution.
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Laboratory Glassware

02

Sintered Glass Crucibles

Utilized for the filtration and collection of precipitates 

for subsequent drying and weighing.

Volumetric Flasks

Employed for the precise dilution of reagents and 

preparation of standard solutions for analysis.
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Analytical Beakers

Used for the dissolution of samples and the 

precipitation process under controlled temperature.



Analytical Instrumentation

A high-precision weighing device 

with a sensitivity of 0.1 mg for 

accurate mass determination.

Analytical Balance Muffle Furnace Desiccator

An electric heating apparatus used 

for the ignition and constant 

weight treatment of precipitates.

A sealed container equipped with 

drying agents to maintain a 

moisture-free environment for 

cooling samples.
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Sample Preparation and 

Digestion



Sample Dissolution

Solvent selection

Utilizing concentrated mineral acids, such as nitric or hydrochloric acid, to effectively break 

down the sample matrix and convert phosphorus into soluble orthophosphate ions.
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Heating protocols

Applying controlled thermal energy through a hot plate or microwave digestion system to 

accelerate the reaction rate and ensure the complete liberation of phosphorus from complex 

organic or inorganic structures.

Solution clarity

Ensuring the final analyte solution is transparent and free of undissolved particulates, which is 

critical for preventing physical occlusions in the subsequent precipitate.



pH Adjustment

Determine the initial acidity of the sample solution using a 

calibrated pH meter.

Baseline measurement

Gradually add concentrated ammonia or hydrochloric acid to 

reach the target alkaline range for precipitation.

Reagent addition

Ensure the solution maintains a stable pH level to prevent 

premature formation of phosphate complexes.

Stabilization check



Elimination of Interferences

Oxidation of organic matter

Masking of metallic ions

Removal of silica

Utilize concentrated nitric acid or hydrogen peroxide to 

decompose organic compounds that might sequester phosphate 

ions.

Employ dehydration techniques with perchloric acid or 

hydrofluoric acid treatment to prevent silica from coprecipitating 

with the phosphate.

Add chelating agents or adjust pH levels to prevent interfering 

metal ions like iron or aluminum from forming insoluble 

precipitates.
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Precipitation Process



Utilizing specific magnesium and ammonium sources to react with dissolved phosphate 

ions, typically aiming to form high-purity magnesium ammonium phosphate 

hexahydrate ($MgNH_4PO_4 cdot 6H_2O$), also known as struvite.

Adding the Precipitating Agent

Reagent selection

Carefully adjusting the solution to alkaline conditions to ensure the supersaturation of 

ions, which is essential for the quantitative precipitation of the target phosphorus 

compound.

pH Control

Adding the precipitating agent slowly and in slight excess to ensure all phosphorus is 

effectively captured in the solid phase, minimizing solubility losses.

Stoichiometric precision



Digestion of Precipitate

01 Maintain the solution at a near-boiling temperature to facilitate the growth of larger, purer crystals.

Temperature control

02 Allow the precipitate to remain in contact with the mother liquor to minimize surface adsorption and 

occlusion.

Impurity reduction

03 Promote the dissolution of small particles and the re-precipitation onto larger grains to improve 

filterability.

Recrystallization facilitation



Nucleation and Crystal Growth

Supersaturation levels

Digesting the precipitate

Particle size optimization

Control the degree of relative supersaturation to influence the 

initial formation of crystal nuclei.

Promote crystal growth over nucleation by maintaining high 

temperatures and slow reagent addition.

Allow the precipitate to stand in contact with the mother liquor to 

improve purity and crystallinity.
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Filtration and Washing
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Selection of Filter Media

Medium choice
Choosing between ashless filter paper for ignition methods or sintered glass crucibles for 

drying techniques depends on the required thermal stability of the ammonium 

phosphomolybdate precipitate.

Porosity standards
Selecting a fine-porosity filter is critical to capture the bright yellow, crystalline particles of 

the precipitate, preventing mass loss during the vacuum or gravity filtration process.

Chemical compatibility
Ensuring the filter media is resistant to the nitric acid used in the acidic precipitation 

medium prevents contamination and structural failure of the filter during the separation 

phase.



Minimal solvent volume
Use small portions of wash liquid multiple times rather than a single large 

volume to increase efficiency.

Gravity filtration stability

Testing for impurities

Proper Washing Techniques

Direct the wash stream along the sides of the funnel to avoid disturbing the 

precipitate bed.

Collect the final drops of filtrate and test with specific reagents to ensure 

complete removal of soluble ions.



Silver nitrate test

Add a few drops of silver nitrate 

solution to the filtrate to ensure no 

chloride ions remain.

pH verification

Use indicator paper to check the 

acidity or alkalinity of the wash water 

until it reaches neutrality.

Visual inspection

Confirm that the filtrate is completely clear 

and free of any visible suspended 

precipitates.

Testing for Completeness
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Drying, Ignition, and Weighing



Chemical transformation

High-temperature heating in a furnace or over a burner converts the initial precipitate into a stable anhydrous 

compound with a known, definite chemical composition.

Impurity removal

The ignition process serves to volatilize any remaining solvent, volatile salts, or organic contaminants, ensuring the 

final mass represents only the desired analyte.

Constant mass

Repeating the heating cycle until the mass no longer changes is critical to verify that all water and volatile components 

have been completely expelled.

The Ignition Process



Use of the Desiccator

Proper cooling

Allow hot crucibles to cool slightly before placement to prevent air 

expansion from dislodging the lid.

Desiccant maintenance

Monitor the color or state of the drying agent regularly to ensure 

effective moisture absorption.

Seal integrity

Apply vacuum grease to the ground-glass surfaces to ensure an 

airtight environment.
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Final Mass Measurement

Cooling protocol

Place the ignited crucible in a desiccator to cool to room 

temperature to prevent moisture reabsorption.

Constant weight verification

Repeat the heating and weighing cycle until the difference 

between consecutive measurements is less than 0.2 mg.

Analytical balance calibration

Ensure the balance is leveled and tared correctly before 

measuring the final mass to achieve four-decimal precision.
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Data Analysis and Reporting



Stoichiometric Calculations

The phosphorus content is determined by multiplying the mass of 

the final precipitate (typically magnesium pyrophosphate) by the 

stoichiometric ratio of phosphorus to the precipitate's molar 

mass.

Precise calculations must account for the balanced chemical 

equations involved in the precipitation process to ensure the 

transition from the weighed product back to the initial sample 

mass is accurate.

The final mass of phosphorus is usually converted into a 

percentage by weight (% w/w) or concentration (mg/L) to allow 

for comparison against theoretical values or industry standards.

Gravimetric factor

Molar relationships

Result expression



Error and Deviation Analysis

Systematic error sources
Identify consistent biases arising from incomplete precipitation or impurities in the 

weighing form.

Random error calculation
Determine the standard deviation across multiple trials to assess the precision of the 

gravimetric results.

Relative error evaluation
Compare the experimental phosphorus content with the theoretical value to quantify the 

accuracy of the procedure.



Final Report Structure

Experimental Objectives
Define the scope of the gravimetric analysis and the specific goals for determining 

phosphorus concentration.

Methodology and Procedures

Results and Discussion

Document the systematic steps taken during precipitation, filtration, and ignition 

processes.

Present calculated mass fractions alongside error analysis and comparison with 

theoretical values.
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Thank you


