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Being able to prepare standard solutions is a vital skill for 
an analytical chemist to have, as many procedures require 
a solution with a precise concentration to be prepared with 

a high degree of accuracy. For example, volumetric solutions are 
used in titrations in order to determine the amount (number of 
moles) of an unknown solution (see Chemistry Review, Vol. 23. 
No. 2, pp. 11–14).

How is it done?
Chemists construct standard solutions in volumetric glassware, 
which are prepared for a specific volume (e.g. 25 cm3). To 
make up a solution from a solid, the exact mass of the chosen 
compound is weighed out in a dry weighing boat (Figure 1) 
and placed in the clean volumetric flask. The weighing boat 
should also be rinsed with the solvent the compound is to be 
dissolved in (e.g. deionised water) to ensure that all of the solid 
is transferred (Figure 2).

The appropriate solvent (e.g. deionised water) should then 
be added to the flask to make the solution ‘up to the mark’. It is 
vital to ensure that the meniscus of the solution sits exactly on 
the volume mark (as shown in Figure 3), so a Pasteur pipette is 
carefully used to add the last few drops of solvent to bring it to 
the mark (Figure 4).

Alternatively, if the material is a liquid (e.g. a concentrated 
solution) then an appropriate volume of this liquid can be 
measured out using a volumetric or graduated pipette and 
placed in the volumetric flask (Figure 5).

Each volumetric flask is labelled with its degree of precision 
(e.g. ±0.05 ml, see Figure 6 and Chemistry review, Vol. 26, No. 4, 
pp. 16–17). It is important to take this precision into account when 
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1 What mass of sodium carbonate (Na2CO3) is required to make a 
25.0 cm3 standard solution with a concentration of 1.50 mol dm–3? 
Give your answer to an appropriate number of significant figures.
2 This solution is diluted to 100 cm3. What is the new concentration?
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Figure 1 The solid is placed in a pre-weighed weighing boat. You 
should not add chemicals to the weighing boat while it is on the 
balance, as spillages can cause damage. The mass of the solid can 
be checked on the balance after each addition

Figure 2 Add the solid to the flask via a funnel to avoid spillages. 
Rinse any remaining solid from the weighing boat and funnel using 
the solvent (e.g. deionised water) so that all of the solid is collected 
in the flask

constructing standard solutions, as each piece of glassware has its 
own specific error. For example, a 25 cm3 (ml) flask with the error 
±0.05 cm3 means that the volume of a solution may be as high as 
25.05 cm3 or as low as 24.95 cm3 when made up to the mark. This 
is known as a systematic error, as it will affect all of the results 
obtained using that piece of glassware.

Sam Daly is studying chemistry at the University of York and is 
the editorial assistant for Chemistry review.

Meniscus  The curved surface of a liquid in a container.

Standard solution  A solution with a precisely known concentration.

Systematic error  A repeatable error, which may be due to faulty 
equipment or a flawed method.
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Figure 6 Take a note of the accuracy of each piece of equipment 
used. This 25 ml (cm3) flask is accurate to plus or minus 0.03 ml when 
the flask is at 20°C

Figure 4 Carefully add solvent up to the line on the flask. 
The last few drops can be added using a pipette

Figure 3 The bottom of the meniscus should be level with the 
line on the flask

Figure 5 When making up a solution from a liquid, use a 
volumetric pipette to transfer a specific volume to the volumetric 
flask. Here 5 cm3 of 0.5 M copper sulfate solution is being 
transferred to a 25 cm3 flask prior to dilution with deionised water 
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