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Introduction to 

Gravimetric 

Analysis



Stoichiometric transformation

The method relies on converting a soluble analyte into a stable, insoluble compound of known chemical composition 

through a specific chemical reaction.

Quantitative precipitation

By measuring the mass of the final purified precipitate—such as nickel dimethylglyoximate—the original concentration 

of the element can be calculated using gravimetric factors and molar mass ratios.

Phase separation

Physical separation techniques, typically filtration through sintered glass or Gooch crucibles, are employed to isolate 

the solid phase from the supernatant liquid before drying.

Principles of Gravimetry



Accuracy and Precision

Calibration of instruments
Ensure all analytical balances and volumetric glassware are properly calibrated to 

minimize systematic errors.

Repeatability of measurements

Error source identification

Conduct multiple trials to verify the consistency of the precipitate mass and 

calculate the standard deviation.

Minimize technical discrepancies during filtration and drying processes to achieve 

high recovery rates and reliable results.
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Environmental monitoring
Determination of total suspended solids and particulate matter 

concentrations in atmospheric and water quality assessments.

Metallurgical industry

Pharmaceutical quality control

Common Applications

Precise quantification of alloy compositions and purity levels in precious 

metal processing and steel manufacturing.

Analysis of moisture content and active ingredient concentrations in 

pharmaceutical formulations to ensure regulatory compliance.
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Chemical 

Properties of Nickel



Nickel Ions in Solution

Ionic behavior

In aqueous solutions, nickel 

typically exists as the 

hexaaquanickel(II) ion, 

[Ni(H2O)6]2+, which imparts a 

characteristic green color to 

the solution.

Acidic stability

Ni(II) ions remain stable and 

soluble in acidic media, which 

is a necessary starting 

condition before adjusting the 

pH to facilitate selective 

precipitation with organic 

reagents.

Reactivity

These ions act as central 

metal acceptors that readily 

undergo ligand exchange 

reactions, allowing water 

molecules to be replaced by 

stronger chelating agents like 

dimethylglyoxime.



Complex Formation

Coordination geometry

Nickel(II) ions react with dimethylglyoxime in a slightly alkaline medium to form a square 

planar coordination complex.
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Hydrogen bonding

The stability of the complex is significantly enhanced by internal hydrogen bonds between the 

oxime hydroxyl groups.

Solubility characteristics

The resulting nickel dimethylglyoximate complex is a bright red precipitate that is highly 

insoluble in water and dilute ammonia.



Oxidation States

Nickel can exhibit +3 and +4 states in certain specialized complexes and solid-state oxides under strong 

oxidizing conditions.

Higher oxidation states

Nickel most frequently exists in the +2 oxidation state in aqueous solutions and common inorganic 

compounds.

Common oxidation state

Nickel forms stable organometallic compounds, such as nickel tetracarbonyl, where the metal 

maintains an oxidation state of zero.

Zero oxidation state
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The Reagent: 

Dimethylglyoxime 

(DMG)



Chemical Structure of DMG

Coordination capacity

It acts as a bidentate ligand, utilizing the lone pairs on its 

nitrogen atoms to bind with metal ions, eventually forming a 

stable square planar structure.

Functional groups

The molecule features two oxime groups (=N-OH) attached to 

a butane backbone, which lose a proton during the chelation 

process to stabilize the metal complex.

Molecular formula

Dimethylglyoxime, with the chemical formula 

$C_4H_8O_2N_2$, is a vicinal dioxime ligand containing two 

nitrogen atoms capable of coordination.



01 Specificity for nickel
DMG acts as a highly selective chelating agent that reacts with nickel ions in slightly 

alkaline or ammoniacal solutions to form a distinct red precipitate.

Interference management
The reagent's selectivity allows for the separation of nickel from other metal ions like 

cobalt and iron when appropriate masking agents are utilized.

PH dependency
The coordination stability of the Ni-DMG complex is highly sensitive to acidity, 

ensuring selective precipitation within a controlled pH range of 5 to 9.

Selectivity of DMG
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Preparation of DMG Solution

Solvent selection

Storage requirements

Dissolve the required amount of dimethylglyoxime powder in 

95% ethanol to ensure complete solubility.

Concentration control

Adjust the solution to a standard 1% concentration to provide 

sufficient reagent for the precipitation process.

Store the prepared solution in a tightly sealed glass bottle to 

prevent ethanol evaporation and reagent degradation.
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Reaction 

Mechanism and 

Complexation



The reaction involves a precise 1:2 molar ratio, where one nickel(II) ion (Ni²⁺) reacts with two molecules of dimethylglyoxime 

(C₄H₈O₂N₂) to form the stable complex [Ni(C₄H₇O₂N₂)₂].

Coordination ratio

During the complexation process, each DMG molecule loses one proton from an oxime group, necessitating a slightly alkaline or

ammoniacal medium to neutralize the released hydrogen ions and drive the reaction to completion.

Proton loss

Because the stoichiometry is highly specific and predictable, the reaction serves as a reliable basis for the quantitative gravimetric 

determination of nickel in various alloys and ores.

Reagent precision

Stoichiometry of the Reaction



Structure of Ni(DMG)2

The central nickel ion is coordinated by four nitrogen atoms from two DMG ligands in a 

square planar geometry.

Planar Coordination

Intramolecular hydrogen bonds stabilize the complex by forming between the oximato 

oxygen and the hydroxyl group.

Hydrogen Bonding

The bidentate ligands form five-membered rings with the nickel ion, significantly 

increasing the stability of the precipitate.

Chelation Effect



Bright red voluminous crystalline precipitate.

Color and State

Insoluble in water and dilute ammonia solutions but soluble in 

mineral acids and ethanol.

Solubility Properties

Forms a stable square-planar chelate complex through 

hydrogen bonding and coordination.

Structural Stability

Physical Characteristics
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Experimental 

Reagents and 

Equipment



Chemical List

Nickel salt solution

Ammonium hydroxide

Dimethylglyoxime (DMG)

The sample containing unknown nickel content is typically diluted 

in a standard flask and acidified with hydrochloric acid to prepare 

for the reaction.

A 1% alcoholic solution of this organic reagent serves as the 

specific precipitating agent, forming a bright red complex with 

nickel ions.

Dilute ammonia is added dropwise to create a slightly alkaline 

environment, which is essential for the complete precipitation of 

the nickel-DMG complex.



Laboratory Glassware

Sintered glass crucibles

Utilized for filtering, washing, and drying the nickel dimethylglyoximate precipitate to a 

constant weight.

03
Volumetric flasks

Essential for the precise dilution of stock solutions and preparation of standard nickel 

reagents.
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Beakers

Used for dissolving nickel samples and performing the precipitation reaction under 

controlled heating.



Heating and Drying Tools

Used for drying the nickel 

dimethylglyoximate 

precipitate to a constant 

weight at specified 

temperatures.

Electric drying 

oven

Provides a high-

temperature heat source 

for the initial digestion 

and heating of the 

solution samples.

Bunsen burner

Used for gentle and 

uniform heating of 

beakers during the 

precipitation and aging 

processes.

Hot plate
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Step-by-Step 

Experimental 

Procedure



Sample Dissolution

The nickel-containing sample is dissolved in a dilute hydrochloric acid solution to ensure all nickel ions are 

in the divalent state ($Ni^{2+}$) and to prevent premature precipitation.

Acidification

The resulting solution is diluted with distilled water to a specific volume, providing a suitable 

concentration for the subsequent addition of reagents and ensuring even heat distribution.

Volume Adjustment

Tartaric acid may be added during this stage to act as a masking agent, preventing the interference of 

elements like iron or aluminum which could co-precipitate.

Impurity Control
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Precipitation Process

pH adjustment

Introduce dilute ammonia solution dropwise until the mixture 

becomes slightly alkaline to initiate the formation of the red 

complex.

Digestion period

Heat the solution on a water bath for a specific duration to allow 

the precipitate to coarsen and improve filterability.

Reagent addition

Add the dimethylglyoxime reagent slowly to the hot acidic nickel 

solution while stirring constantly.
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Digestion of Precipitate

Maintain the solution containing the precipitate at a near-boiling temperature 

for 30 to 60 minutes.

Heating process

Allow the small initial crystals to undergo Ostwald ripening to form larger, more 

filterable particles.

Particle growth

Ensure the completion of the chemical reaction and minimize the occlusion of 

impurities within the crystal lattice.

Purity enhancement
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Filtration and 

Washing 

Techniques



Sintered Glass Crucible Preparation

Initial cleaning

Constant mass

The crucible must be thoroughly cleaned with a suitable mineral 

acid or cleaning solution and rinsed with distilled water to remove 

any residual contaminants from previous analyses.

The clean crucible is dried in an oven at a specific temperature 

(usually 110-120°C) and weighed repeatedly until the mass 

becomes constant, ensuring the final measurement of the nickel 

complex is accurate.



Quantitative Transfer

02
03

Final inspection

01

Decantation procedure Verify the complete removal of solids by 

examining the beaker against a dark 

background for any remaining particles.

Precipitate recovery

Use a stream of distilled water from a 

wash bottle to rinse all traces of the red 

complex from the beaker walls.
Pour the supernatant liquid down a 

glass rod to prevent splashing and 

ensure controlled flow into the filter.



Apply small portions of chilled distilled water to remove excess reagents and chloride 

ions without dissolving the precipitate.

Washing the Precipitate

Use of cold deionized water

Test the washings with silver nitrate solution to ensure the complete removal of chloride 

contaminants.

Verification of filtrate purity

Employ gentle suction during the washing process to prevent the compaction of the 

nickel complex and ensure efficient drainage.

Maintaining precipitate integrity
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Data Calculation 

and Results



Gravimetric Factor

Stoichiometric Ratio

Analytical Utility

Numerical Value

The gravimetric factor is derived from the fixed 1:1 molar ratio between Nickel ions ($Ni^{2+}$) and the resulting 

complex, Nickel Dimethylglyoximate ($Ni(C_4H_7O_2N_2)_2$).

It is calculated by dividing the atomic weight of Nickel (approximately 58.693 g/mol) by the formula weight of 

the precipitate (approximately 288.917 g/mol), representing the mass of nickel per gram of precipitate.

This factor serves as a constant multiplier that simplifies the conversion of the measured mass of the solid 

product back to the equivalent mass of the analyte.



Mass Calculations

Mass of crucible
Record the initial weight of the empty, constant-weight sintered glass crucible.

Mass of crucible plus precipitate

Mass of precipitate

Measure the weight of the dried crucible containing the nickel dimethylglyoximate 

complex.

Subtract the initial crucible mass from the final mass to obtain the net weight of the 

complex.
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Percentage of Nickel

01 Utilize the molar mass ratio of nickel to nickel dimethylglyoximate to convert the precipitate mass into 

pure nickel mass.

Gravimetric factor calculation

02 Record the initial weight of the unknown sample precisely to establish the baseline for percentage 

calculation.

Sample weight determination

03 Divide the calculated mass of nickel by the total sample mass and multiply by one hundred to obtain 

the mass percentage.

Final percentage formula
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Error Analysis and 

Laboratory Safety



Solubility Losses

Maintaining a slightly alkaline pH (around 8 or 9) is critical, as the nickel 

dimethylglyoximate precipitate can dissolve in strongly acidic solutions or form soluble 

complexes in excessively basic conditions.

pH Sensitivity

Over-washing the precipitate with cold water or using room-temperature water instead of 

the specified temperature can lead to significant mass loss due to the slight solubility of the 

complex.

Washing technique

Adding an excessive amount of the dimethylglyoxime (DMG) reagent, which is typically 

dissolved in ethanol, can increase the solubility of the precipitate in the mother liquor, 

leading to an underestimate of the nickel content.

Reagent concentration



Contamination and Co-precipitation

0
3

Reagent Purity

Using contaminated dimethylglyoxime or ammonia 

solution can introduce non-volatile residues that interfere 

with final gravimetric results.

0
2

Occlusion Effects

Rapid precipitation can trap solvent or soluble salts within the 

crystal lattice, causing systematic positive errors.

0
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Impurity Adsorption

Foreign ions may adhere to the surface of the nickel dimethylglyoximate 

precipitate, leading to a higher measured mass.



Material Safety Data Sheets (MSDS)
Review all reagent properties and toxicity levels to ensure proper handling 

and emergency preparedness.

Proper Reagent Disposal

Use of Personal Protective Equipment (PPE)

Chemical Safety

Segregate organic and inorganic waste streams according to institutional 

protocols to prevent hazardous reactions.

Maintain strict adherence to wearing lab coats, safety goggles, and nitrile 

gloves to prevent direct chemical contact.



Thank 
you


