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Volumetric Analysis  
 

Volumetric analysis is analysis using volumes of solutions and their concentrations. 

 

Solutions 

A solution is a uniform mixture of two substances.  

Solute + Solvent = Solution  

Concentrated solutions have large amounts of solute per unit solution 

Dilute solutions have small amounts of solute per unit solution 

 

Ways of expressing concentration 

• Molarity (mols per litre)  - M  

• e.g 0.5 M = 0.5 mols/L 
• g / dm3   (g/L) 

• % w / v (weight per volume) 

• % v / v (volume per volume) 

• % w / w  (weight per weight) 

• p.p.m ( mg.L-1) (Parts Per Million) 

 

Molarity  

 moles per litre:   mols / dm3, mol.dm-3 or mol / L 

 A 1 molar (1M) solution contains 1 mole of solute per 1 litre of solution. 

This is the most common way of expressing concentration of the solutions in the lab.  
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What is the molarity of these solutions? 

(i) 8 g NaOH in 200 cm3 of solution  (ii)         5 g KMnO4 in 600 cm3 of solution 

 

 

 

 

 

(iii) 18 g K2Cr2O7 in 400 cm3 of solution       (iv)     20 g HNO3 in 100 cm3 of solution 

 

 

 

 

 
 

(v) 25 g CuSO4.5H2O in 50 cm3 of soln    (vi) 40 g of NaOH in 1600 cm3 of soln
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2.  Grams per litre (g /dm3, g.dm-3 or g/L) 

 grams of solute per litre of solution 

 

 

Eg: What is the concentration of 0.2 M NaCl in g / dm3 ? 

Mr NaCl = 23 + 35.5 = 58.5 g/mol 

Conc.  = Molarity  x Mr 

conc = 0.2 mol/dm3 x 58.5 g / mol 

= 11.7 g/dm3 (g.dm-3) 

Try a few:  

(i) 0.1 M NaOH    (ii) 0.5 M H2SO4 

 

 

 

 

(ii) 0.05 M KMnO4    (iv)  10 M NH4OH 

 

 

 

 

(v) 2.5 M HNO3     (vi) 0.0125 M HCl  

 

 

 

  

Concentration = Molarity * Molar Mass 
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Moles in solutions:   

 

 

 

Eg:  How many moles of nitric acid (HNO3) are contained in 50 cm3 of 0.05M nitric acid.  

 

 

 

 

E�ect of dilutions on concentration  

Eg. If 20cm3 of a 0.1M NaOH solution is diluted to a volume of 250cm3 with water, what is 
the concentration of the diluted solution.  

 

 

Try a few:  

(i) If 10cm3 of a 2 M soln of nitric acid is diluted to a volume of 2 L, what is the concn of 
the diluted acid? 

 

(ii) If 12cm3 of a 0.1 M  soln of sodium hydroxide is diluted to a volume of 500cm3 , 
what is the concn of the diluted  base? 

 

(iii) What volume of a 1M solution of sodium hydroxide is required to make up 250 cm3 
of a 0.05 M NaOH soln? 

 

(iv) What volume of a 0.5 M solution of sulfuric acid is required to make up 250 cm3 of 
a 0.1 M H2SO4 soln 

 

Moles =  Volume (cm3) x conc (moles/L) 
1000 

Formula = Vdil x Mdil = Vconc x Mconc  
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16.2     Standard Solutions  

A Primary Standard is a substance which can be obtained in a stable, pure and soluble 
solid form, so that it can be accurately weighed and dissolved to give a solution of known 
concentration.  

 

A Standard Solution is a solution where the concentration is accurately known. 

It is prepared by dissolving a precisely known amount  of solute  (primary std) in a suitable 
solvent (de-ionised water) 

Examples of Primary Standards  

• anhydrous Na2CO3 
• NaCl 
• K2Cr2O7 

We cannot use:  

• KMnO4as Primary Standard - it cannot be obtained pure and it is e�ected by 
sunlight.  

• Iodine [I2] because it sublimes and it is not soluble in water. 
• KOH or NaOH they absorb CO2 and moisture from the air. 

 

Secondary Standard A solution whose concentration is found by titrating it against a 
primary standard solution.  

Standardise means to find the concentration of a solution by titrating it against a solution 
of known concentration. 

 

16. 3    Titrations 

A titration is a laboratory procedure where a measured volume of one solution (of known 
concentration) is added to a known volume of another solution (where the concentration is 
not known) until the reaction is complete and the concentration can be calculated.   
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To make a standard solution:  

• Accurately weigh primary standard (solute) on a clock glass and transfer into a 
beaker and dissolve in a small amount of deionised water.  

• Transfer to a volumetric flask using a funnel. 
• Add rinsings from beaker into the volumetric flask.  
• Using a water bottle add more distilled water until you are 1cm from the calibration 

mark.  
• Add dropwise until the bottom of the meniscus is on the line, reading it at eye-

level. 
• Stopper and invert to ensure a homogenous solution.  

 

To use a Pipette 

• Rinse with deionised water and with the solution it will contain.  
• Fill using pipette filler until bottom of the meniscus is on the 

graduation mark, reading at eye level. 
• Empty the pipette into a conical flask, touching the tip of the pipette 

against the side of the flask.  (There will be a drop left in the tip of the 
pipette, but it is calibrated to allow for this). 

 

 

To use a Burette 

• Rinse with deionised water and then with the solution it is going to contain. 
• Clamp vertically 
• Fill burette above the 0 cm3 mark using a funnel and remove it (as drops may 

fall from it or it may dip into the liquid giving a false level).  
• Run the solution through the tip to remove the air bubble.  
• Read the volume from the bottom of meniscus at eye level – Initial Volume.  

*KMnO4 - read from the top of the meniscus. 

*Do not put NaOH in burette it may react with glass of burette or block tap  
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To use a Conical Flask   

• Rinse out with deionised water only (do not rinse with the solution it will 
contain) 

• Place on white tile - to see colour change of indicator more easily. 
• Mix continuously by swirling  
• Wash down drops on the side of the flask with deionised water if 

required.  
(This won’t a�ect amount of reactant in flask or change the result as 
there is no change in amount of solute present) 

 

To use a Volumetric Flask 

Long thin neck to make it accurate. 

• Fill, using a funnel, until nearly at calibration line, add final few cm3 
slowly using a dropper / water bottle. 

• Read from bottom of meniscus at eye level.  
• 20 times to ensure a homogeneous solution.   

 

To carry out a titration 

• Use the correct indicator for the type of titration 
(covered in Booklet 6.1)  

• Only 3 - 4 drops of indicator should be used as they 
are weak acid/bases themselves so can a�ect the 
result.  

• One rough and two accurate titres with the two 
accurate titres being within 0.1 cm3 of each other. 

• Use the average the two accurate titres. (Often in 
the LC you will just be given one value to use.) 

• Mix well by swirling the conical flask, careful not to spill any mixture.  
• Add the solution from burette drop by drop near the end point.  
• Endpoint is identified when a readily identifiable colour change occurs. 
• Rinse down the side of the conical flask using de-ionised water as this will not 

a�ect the result.  
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16.4   Titration Calculations:  
Always identify the standard solution, the solution you know the concentration of, to 
allow for calculations that follow: 

  

 

 

 

NaOH + HCl → NaCl + H2O 
1. 50.0 cm³ of 0.10 M sodium hydroxide (NaOH) solution is titrated with hydrochloric 

acid (HCl) of unknown concentration. It requires 40.0 cm³ of the HCl solution to 
completely neutralize the NaOH. Find 
(i) The average number of moles of NaOH used up in the titration.  
(ii) The number of moles of HCl neutralised in the titration.  
(iii) Find the concentration of the hydrochloric acid in moles / L   (0.125M) 

 
 
 
 
 
 

2. A 0.20 M solution of HCl is used to titrate 25.0 cm³ of NaOH solution of unknown 
concentration. The volume of HCl required to reach the endpoint is 35.0 cm³.  
(i) The average number of moles of HCl used up in the titration.  
(ii) The number of moles of NaOH neutralised in the titration.  
(iii) Find the concentration of the NaOH solution.   (0.28M) 

 

 

 

 

 

  

n = c x ࢂ
૚૙૙૙

  Unit: Mols/L 
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CH3COOH + NaOH → CH3COONa + H2O  
3. During a titration, 25.0 cm³ of 0.05 M ethanoic acid (CH₃COOH) is neutralized by 

22.5 cm³ of sodium hydroxide (NaOH) solution. 
(i) The average number of moles of ethanoic acid (CH₃COOH) used up in the 

titration.  
(ii) The number of moles of NaOH neutralised in the titration.  
(iii) Find the concentration of the NaOH in moles / L                (0.0556mol/L) 

 

 

 

 

 

 

 

4.  In a titration, 25.0 cm³ of 0.10 M ethanoic acid (CH₃COOH) is titrated with sodium 
hydroxide (NaOH). The titration requires 32.5 cm³ of NaOH to reach the endpoint. 

(i) Calculate the number of moles of ethanoic acid in 25.0 cm³ of 0.10 M 
solution.                              

(ii) Calculate the moles of NaOH that reacted with ethanoic acid. 
(iii) Calculate the concentration of NaOH in mol/L.                       (0.0769 mol/L)  

 

 

 

 

 

 

 

  



©The Academy  11 Caragh Rellis 
 
 

LC Practice Questions:  

2024: 
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2020 Q1:  
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