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VOLUMETRIC ANALYSIS 
Volumetric analysis involves the quantitative estimation of a substance in solution by determining the exact 

volume of one solution required to react completely with a known volume of another solution. By knowing the 

volumes of two solutions and the strength of one solution, we will be able to calculate the quantity of the substance 

present in the other solution. The commonly used apparatus in volumetric analysis includes burette, pipette, standard 

flask and conical flask. 

The following are some of the important terms used in volumetric analysis: 

1. Titration: The process of determining the exact volume of a solution required to react completely with a 

known volume of another solution is called titration. 

2. End point: It is the point in the titration which indicated the just completion of a reaction by a colour change 

of the solution either by itself or by an indicator. 

3. Indicators: An indicator is a substance added to the reaction mixture to indicate the completion of reaction by 

change of colour at the end point. 

4. Standard solution: A solution of known concentration is called a standard solution. 

In volumetric analysis, the concentrations of solutions are expressed in terms of normality or molarity. 

Important points to be remembered in volumetric analysis 

1. All the apparatus used should be perfectly clean. 

2. The burette and pipette should be rinsed at least two times with the respective solutions before using them. 

Use only small quantity of solution for rinsing. 

3. Never rinse the conical flask with the given solutions. It is only to be washed with clean water. 

4. The made up solution should be shaken well before using for titration. 

5. The nozzle of the burette should also be filled with the solution, without any air bubble in it, before taking the 

initial burette reading. 

6. Use the forefinger in closing the pipette. 

7. Hold the pipette vertically while draining the solution from it. When the main flow of liquid ceases, wait for 

about fifteen seconds and touch the tip of the pipette at the sides of the conical flask. Never blow the liquid 

out of the pipette while pipetting out a solution. 

8. While taking burette reading, lower meniscus can be taken for colourless solutions and upper meniscus for 

coloured solutions. However while pipetting out or making up of any solution, the lower meniscus is always 

taken. 

9. Solution should be added drop by drop from the burette towards the end of the titration. 

10. All the readings should be taken without any parallax error. 

Acidimetry and Alkalimetry 

Estimation of alkali solution using standard acid solutions is called acidimetry and estimation of acid using standard 

alkali solutions is called alkalimetry. 

When an acid is reacted with a base, neutralization reaction takes place resulting in the formation of salt and water. 

NaOH + HCl  NaCl + H2O 

Acid – Base indicators 

The indicators commonly used in acid – base reactions are phenolphthalein and methyl orange.    

Phenolphthalein is pink in alkali solutions, but colourless in acid solutions. When one or two drops of this indicator 

added to a known volume of alkali solution, a pink colour is developed. On adding acid solution into this from burette, 

the solution turns from pink to colourless as alkali is completely neutralized. The point at which the pink solution just 

turns to colourless is taken as the end point of the reaction. Phenolphthalein is used in titrations of strong bases and 

strong acids and in strong base – weak acid titrations. 

An aqueous solution of methyl orange is golden yellow in alkali solution and orange red in acid solution. When 

one or two drops of methyl orange are added into a known volume of alkali, the solution turns golden yellow. On 

adding acid solution strongly into this from a burette, the solution turns from golden yellow to pale orange red as the 

alkali is completely neutralized. The point at which the yellow solution just turns to orange red is taken as the end 

point of the reaction. Methyl orange is used in titrations of strong bases and strong acids and in strong acid – weak 

base titrations. Care should be taken not to add excess of methyl orange indicator. 

In acid-base titrations, acid solution is taken in the burette and the base is pipette out into a conical flask. 
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Expt. No. 1 

Estimation of Sodium hydroxide using std. HCl 
Aim:To determine the mass of sodium hydroxide in the whole of the given solution, being supplied with a standard 

solution of hydrochloric acid containing 3.8g/L. 

Principle 

The estimation is based on the reaction between sodium hydroxide and hydrochloric acid. 

NaOH + HCl  NaCl + H2O 

Since HCl is monobasic, its equivalent mass is same as its molecular mass. i.e. 36.5. As per the equation, one 

equivalent of HCl reacts with 1 mol of NaOH solution. Therefore, the equivalent mass of NaOH is equal to its molecular 

mass (40). By determining the volume of HCl reacting with given volume of the made up solution, mass of NaOH in the 

whole of the given solution can be calculated. 

Procedure 

A clean burette is rinsed with the given HCl and is filled with HCl upto the zero mark. The given NaOH solution is made 

upto 100mL in a clean standard flask. It is shaken well to get uniform concentration. A clean pipette is rinsed with the 

made up solution. 20 mL of the made up solution (NaOH) is pipetted out into a clean conical flask. One or two drops 

phenolphthalein indicator is added and titrated against HCl from the burette till the pink colour gets discharged. The 

final burette reading is noted. The experiment is repeated to get concordant values. From the volume of the acid, we 

can find out the mass of NaOH. 

Result 

Mass of NaOH in the whole of the given solution = ………………… g 

 

Expt. No. 2 

Estimation of Sodium carbonate using std. H2SO4 
Aim:To determine the mass of sodium carbonate (Na2CO3)in the whole of the given solution, being supplied with a 

standard solution of sulphuric acid containing 4.85g/L. 

Principle 

The estimation is based on the reaction between sodium carbonate and sulphuric acid. 

Na2CO3 + H2SO4   Na2SO4 + CO2 + H2O 

Since H2SO4 is dibasic, its equivalent mass is the half of the molecular mass. i.e. 49. As per the equation, one 

equivalent of H2SO4 reacts with 1 equivalent of Na2CO3 solution. Therefore, the equivalent mass of Na2CO3 is equal to 

half of its molecular mass (53). By determining the volume of H2SO4 reacting with given volume of the made up 

solution, mass of Na2CO3 in the whole of the given solution can be calculated. 

Procedure 

A clean burette is rinsed with the given H2SO4 and is filled with H2SO4 upto the zero mark. The given Na2CO3 solution is 

made upto 100mL in a clean standard flask. It is shaken well to get uniform concentration. A clean pipette is rinsed 

with the made up solution. 20 mL of the made up solution (Na2CO3) is pipetted out into a clean conical flask. One or 

two drops methyl orange in indicator is added and titrated against H2SO4 from the burette till the golden yellow colour 

changes to orange red. The final burette reading is noted. The experiment is repeated to get concordant values. From 

the volume of the acid, we can find out the mass of Na2CO3. 

Result 

Mass of Na2CO3 in the whole of the given solution = ………………… g 

 

Expt. No. 3 

Estimation of Oxalic acid using std. KOH 
Aim:To determine the mass of oxalic acid in the whole of the given solution, being supplied with a standard solution of 

potassium hydroxide containing 3.92 g/L. 

Principle 

The estimation is based on the reaction between potassium hydroxide and oxalic acid. 

2KOH + H2C2O4   K2C2O4 + 2H2O 

Since oxalic acid is dibasic, the equivalent mass of crystalline oxalic acid is half of the molecular mass. i.e. 63. As per 

the equation, it is clear that 2 moles of KOH will react with 1 equivalent of oxalic acid. So 1 mole of KOH will react with 
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1 equivalent of oxalic acid. Hence the equivalent mass of KOH is the same as its molecular mass (53). By determining 

the volume of oxalic acid reacting with given volume of KOH, mass of oxalic acid in the whole of the given solution can 

be calculated. 

Procedure 

 The given oxalic acid solution is made upto 100mL in a clean standard flask. It is shaken well to get uniform 

concentration. A clean burette is rinsed with the made up oxalic acid solution upto the zero mark.  A clean pipette is 

rinsed with the given KOH solution. 20 mL of the KOH solution is pipetted out into a clean conical flask. One or two 

drops phenolphthalein indicator is added and titrated against oxalic acid from the burette till the pink colour gets 

discharged. The final burette reading is noted. The experiment is repeated to get concordant values. From the volume 

of the acid, we can find out its mass. 

Result 

Mass of oxalic acid in the whole of the given solution = ………………… g 

 

Expt. No. 4 

Estimation of Nitric Acid using std. K2CO3 
Aim:To determine the mass of nitric acid (HNO3)in the whole of the given solution, being supplied with a standard 

solution of potassium carbonate (K2CO3) containing 6.82 g/L. 

Principle 

The estimation is based on the reaction between sodium carbonate and sulphuric acid. 

K2CO3 + 2 HNO3   2 KNO3 + CO2 + H2O 

Since HNO3 is a monobasic, its equivalent mass is equal to the molecular mass. i.e. 63. As per the equation, one 

equivalent of HNO3 reacts with ½  equivalent of K2CO3 solution. Therefore, the equivalent mass of K2CO3 is equal to 

half of its molecular mass (69). By determining the volume of HNO3 reacting with given volume of the K2CO3 solution, 

mass of HNO3 in the whole of the given solution can be calculated. 

Procedure 

The given HNO3 solution is made upto 100mL in a clean standard flask. It is shaken well to get uniform concentration. 

A clean burette is rinsed with the made up solution and is filled upto the zero mark. A clean pipette is rinsed with the 

the given K2CO3 solution. 20 mL of this solution is pipetted out into a clean conical flask. One or two drops methyl 

orange in indicator is added and titrated against HNO3 solution from the burette till the golden yellow colour changes 

to orange red. The final burette reading is noted. The experiment is repeated to get concordant values. From the 

volume of the acid, we can find out its mass. 

Result 

Mass of HNO3 in the whole of the given solution = ………………… g 

 

PERMANGANOMETRY 

Permanganometric titrations involve redox reactions in which potassium permanganate is the oxidising agent. 

Potassium permanganate is a good oxidising agent in the acidic medium. 

2KMnO4 + 3 H2SO4  K2SO4 + 2 MnSO4 + 3H2O+ 5[O] 

Thus acidified permanganate is largely used in the estimation of reducing agents such as ferrous salts, oxalic acid etc. 

only dilute sulphuric acid is used for making the reaction medium acidic. HCl cannot be used as it reacts with KMnO4 to 

evolve chlorine gas. Nitric acid also cannot be used as it is an oxidising agent by itself. 

 Potassium permanganate is purple in colour. During redox reaction, the purple colour is discharged because 

KMnO4 gets reduced to colourless potassium sulphate and manganous sulphate. Thus KMnO4 acts as a self indicator. 

In all permanganometric titrations, KMnO4 solution is taken in the burette and burette readings are taken at the upper 

meniscus. 
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Expt. No. 1 

Estimation of potassium permanganate 
Aim: To determine the mass of KMnO4 in the whole of the given solution, being supplied with a standard solution of 

Mohr’s salt containing 40 g per litre. 

Principle 

The estimation is based on the reaction between Mohr’s salt and potassium permanganate. 

2 KMnO4 + 10 FeSO4.(NH4)2SO4.6H2O + 8 H2SO4  K2SO4 + 2 MnSO4 + 68 H2O + 10 (NH4)2SO4 + 5 Fe2(SO4)3 

Equivalent mass of KMnO4 = 31.6 

Equivalent mass of Mohr’s salt = 392 

A definite volume of standard solution of Mohr’s salt is titrated against potassium permanganate solution. At the end 

point, a permanent pink colour is formed. From the volume of potassium permanganate solution used, the normality 

and mass of KMnO4 in the whole of the solution can be calculated. 

Procedure 

The given Mohr’s salt solution is made upto 100 mL in a standard flask. 20 mL of the Mohr’s salt solution is pipetted 

out into a clean conical flask, about 10 mL of dil. H2SO4 is added. The solution is titrated with the potassium 

permanganate solution taken in the burette. The first few drops of potassium permanganate take some time for 

decolouration. The end point is the appearance of permanent pink colour. The titration is repeated  till concordant 

values are obtained. From the titre values, the normality and mass of potassium permanganate in the whole of the 

given solution can be calculated. 

Result 

Normality of KMnO4 solution = ……………………. N 

Mass of KMnO4 in the whole of the given solution = ……………… g 

 

Expt. No.2 

Estimation of oxalic acid 
Aim: To determine the mass of oxalic acid in the whole of the given solution.  You are supplied with a standard 

solution of potassium permanganate containing 3.15 g/L 

Principle 

The estimation is based on the reaction between oxalic acid and potassium permanganate. 

 2 KMnO4 + 3 H2SO4 + 5H2C2O4.2H2O  K2SO4 + 2MnSO4 + 18H2O + 10 CO2 

Equivalent mass of KMnO4 = 31.6 

Equivalent mass of oxalic acid = 63 

A definite volume of standard solution of oxalic acid is titrated against potassium permanganate solution. At the end 

point, a permanent pink colour is formed. From the volume of potassium permanganate solution used, the normality 

and mass of oxalic acid in the whole of the solution can be calculated. 

Procedure 

The given oxalic acid solution is made upto 100 mL in a standard flask. 20 mL of the made up solution is pipetted out 

into a clean conical flask, about 10 mL of dil. H2SO4 is added and the mixture is heated to 60 to 70
0
C. The solution is 

then titrated with the potassium permanganate solution taken in the burette. The first few drops of potassium 

permanganate take some time for decolouration. The end point is the appearance of permanent pink colour. The 

titration is repeated till concordant values are obtained. From the titre values, the normality and mass of oxalic acid in 

the whole of the given solution can be calculated. 

Result 

Normality of KMnO4 solution = ……………………. N 

Mass of oxalic acid in the whole of the given solution = ……………… g 
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