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Chemical Measurement

Wet Chemical Analysis: 

Gravimetric

What is Gravimetric Analysis?

Chapter 27

• 1914 Nobel Prize to T.W.Richards (Harvard University)

• Richards and his group determined atomic weights of 

55 of the 92 known elements using gravimetry

 The mass of a product is used to quantitatively 

determine an analyte 

 By precipitation or volatilization method

 Measurement of the weight of a substance

The Process

Chapter 27

Separation - by phases

Precipitation and filtering precipitates 

Volatalization and separating volatilized 

compounds

Few things are important for precipitation 

method

• Controlling the precipitation

• Account for interferences

• Assure completeness (solubility 

equilibrium)

Precipitation
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Steps of the Analytical Process

 Weigh sample

 Dissolve sample 

 Add precipitating reagent 

Coagulate precipitate (usually 

by heating)

 Filter

 Wash 

 Dry and weigh to constant 

weight 

Chapter 27

precipitating agent

sample

dissolved
components

The Precipitation Process
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 Particle Size / Filterability

produce particles large 

enough, crystals preferable

avoid colloidal suspension

particle size = 1 - 100 nm
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The Precipitation Process
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 Two phases of  crystal growth

Nucleation : Small aggregates formed as 

molecules in a solution comes randomly

faster

 Particle Growth: Aggregates grow over time as 

more and more molecules stick together

slower

 Supersaturation: More solute than should be 

present in solution

relative supersaturation:

a measure of  supersaturation, (Q-S)/S

Q = actual solute concentration

S = equilibrium solute concentration

Controlling Precipitation
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(Q-S) should be kept extremely 
low at all times

Increasing S
 Warming

Decrasing Q
 Slow addition of 

precipitant

 Vigorous mixing 

 Large volume of solution

faster

slower

Controlling Precipitation
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The precipitant is generated slowly by a chemical 
reaction

Example :

Solution: Slow production of OH– in boiling water

Homogeneous Precipitation

Fe3+ (aq) + 3 OH– (aq)           Fe(OH)3(s) 

Gelatinous precipitate

Difficult to filter 
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Homogeneous Precipitation
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Better quality of ferric hydroxide precipitate

Example : Fe3+ + 3 NH4OH (aq)           Fe(OH)3(s) + 3 NH4
+

A flocculent 

low-density 

precipitate of 

Fe(OH)3 is 

obtained from 

the reaction of 

Fe2(SO4)3 (aq) & 

NH4OH(aq)

A thin-layer of  

Fe(OH)3 is obtained 

by mixing Fe2(SO4)3 

(aq) & urea (aq) and 

maintaining the 

temperature close to 

boiling for 2 hours
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Role of pH
In the reaction

(NH2)2CO + 3H2O             CO2 + 2 NH4
+    + 2OH–

or. consider

In both cases, pH will influence the equilibrium of a reaction

Chapter 27
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Role of Electrolyte Concentration 
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 Ions are dynamic in solution

 In solution the effective charge of an ion is due to the 

solvent encapsulation and some average (fractional value) 

counter ions surrounding it - ionic atmosphere

 A positive ionic atmosphere surrounds a negative charge 

and vice-versa

 Ions continuously diffuse in and out of this atmosphere- net 

charge is less than the numerical charge

 Electrostatic attraction is less than that between pure ions

 Ionic strength increases the  charge in ionic atmosphere, 

which in turn  attenuates the attraction between ions

Chapter 8
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Role of Electrolyte Concentration 

Ionic strength
• Increases as the number of ions increased

• Increasing ionic strength reduces attraction between positive 

and negative ions

• Strongly influences the equilibrium of any chemical reaction in 

aqueous solution

(–)
(–)

(–)

(–)

Shared by

many other

Solvated 

positive 

charges

Solvated 

positive 

charge

Role of Electrolyte Concentration 

 Excess charge on colloid creates ionic atmosphere

around particle and increases equilibrium solute 

concentration, S. 

 Therefore, Q-S/S decreases

 This enhances crystallinity of  precipitate

 This is why ionic compunds are usually precipitated in 

presence of  an electrolyte

Chapter 27
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Calculations of Analyte

Ni2+ (aq) + H2DMG         Ni(DMG)2 + 2 H+

 A 0.8234 g ore sample produced 0.1397 g of 

bis(dimethylglyoximate) nickel (II) (FW = 

288.91 g/mol). Find the nickel content.

Chapter 27

Calculations of Analyte



MSO4

Chapter 27

Solution

 Let x be the atomic weight of the unknown ‘M’

 Recall the 1:1 stoichiometric relation between the 

product barium sulphate with the two dissolved 

sulphates. Therefore, no. of mols of Barium sulphate 

formed is equal to no. of mols of K2SO4 and MSO4

 Rearranging and solving:

)06.96(

39.23325.0

25.174

39.23375.0
4900.1









x

12.24;
06.96

3475.58
4855.0 


 x

x M= Mg2+

Chapter 27
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Calculations of Analyte

 A mixture of mercurous chloride (FW 472.09) and 

mercurous bromide (FW 560.99) weighs 2.00 g.  The 

mixture is quantitatively reduced to mercury metal (At 

wt 200.59) which weighs 1.50 g.  Calculate the % 

mercurous chloride and mercurous bromide in the 

original mixture.
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Gravimetric Interferences

Co-precipitation of Impurities

Surface adsorption

Contaminants bound to the surface

 Solution: Washing a coagulated colloid 

with a solution containing a volatile 

electrolyte and then drying  the sample 

or, reprecipitation
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Gravimetric Interferences

Co-precipitation of Impurities

Mixed crystals

Replacements of the ions of analyte in the 

crystal lattice by ions of another element. 

This exchange occurs when the two ions 

have the same charge and that their sizes 

are very similar.

One example is replacement of Pb2+ by 

Ba2+. 

Solution: Reprecipitation with a different 

precipitating agent,  separation of the 

interfering ion.

Chapter 27
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Gravimetric Interferences

Co-precipitation of Impurities

Occlusions/mechanical entrapment

Impurity pockets. Occlusion is a type of 

coprecipitation in which a compound is 

trapped within a pocket formed during rapid 

crystal growth. One example is trapped water 

when AgNO3 crystals are formed

Solution: Reprecipitation at elevated 

temperature that allows opening of the 

trapped impurities.
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