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This is a 25 cm3 class A pipette. 

Such pieces of apparatus have the 

uncertainty value inscribed on the 

glass. In this case it is ±0.03cm3. 

Lesson 13: Skills and Techniques 2 - Errors 

*Read through the lesson notes. You can write them out, print them or save them. 

*Once you have tried to understand the lesson answer the questions that follow 

and self-evaluate your work by checking the answers. 

 

Learning Intentions 

-Learn about sources of error from laboratory equipment. 

-Learn how to evaluate the sources of error in relation to a set of results. 

 

Background 

The concept of errors is not assessed in the Advanced Higher Chemistry 

question paper, however you do learn about it during the period in which you 

complete the project. Moreover, if you carry out a science or engineering 

degree in further education it is beneficial to have a basic understanding of 

the errors that occur when using apparatus and how to consider these errors 

when evaluating your results. 

THIS LESSON WILL NOT BE FORMALLY ASSESSED. 

 

Quantifying errors 

A measurement is incomplete unless we can provide some idea of the 

magnitude of the error or uncertainty associated with  it. There are various 

ways of quantifying uncertainty but one convenient method is to define it in 

terms of the tolerance of the piece of equipment used to make the 

measurement. Most laboratory apparatus which we use will be in the category 

of class B.  

For example a 25cm3 pipette is said to have a tolerance of ±0.06 cm3. This 

means that the volume of liquid it delivers will lie somewhere between a 

lower limit of 24.94 cm3 and an upper limit of 25.06 cm3, i.e. 25.00±0.06 cm3, 

provided the correct procedure is followed in using the pipette. Class A pieces 

of apparatus have less error associated with them however, they will be more 

expensive. In the case of a 25cm3 class A pipette the tolerance is ±0.03 cm3. 
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The following table lists the uncertainties associated with different pipettes (you 

do not have to learn this table). 

Table 1: Uncertainty in pipettes 

 

 

 

 

 

 

 

 

 

When preparing standard soutions we use volumetric flasks which also have 

uncertainty values (again, there is no need to learn this table). 

Table 2: Uncertainty in volumetric flask 

 

 

 

 

 

 

 

 

 

When dealing with the uncertainty value of a burette it is important to remember 

that we actually read the burette twice. That is to say, we read the burette to obtain 

an initial reading and then at the end to obtain a final reading.  

For example, the 50cm3 class B burette which we use regularly in the laboratory has 

inscribed that the uncertainty is ±0.05cm3. However, when considering the overall 

uncertainty for the burette it is taken as ±0.10cm3.  
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Table 3: Uncertainty in burettes (there is no need to learn this table) 

 

 

 

 

 

 

For example, the titre readings (from a 50cm3 burette) of sodium hydroxide in an 

acid-base titration are given below. 

 

 

 

 

The initial reading, 0.1cm3 will have an uncertainty of ±0.05cm3 and the final 

reading, 26.2cm3 will have an uncertainty of ±0.05cm3. Therefore when considering 

the uncertainty in the total volume added we should express this as 26.1cm3 

±0.10cm3. 

There are uncertainty values associated with all types of apparatus in the laboratory. 

However, for this lesson we will only consider pipettes, volumetric flasks and 

burettes as they make up the majority of the types of apparatus that we use on a 

regular basis. 

 

Percentage Uncertainty 

Sometimes it is convenient to express the uncertainty of a piece of apparatus in  

terms of a percentage. This is given by: 

Percentage uncertainty = uncertainty x 100 

                                          measurement 

For the example above with the titration table, the percentage uncertainty of the 

titre value can be expressed as: 

Percentage uncertainty = uncertainty x 100 

                                          measurement 

Percentage uncertainty = 0.10 x 100     = 0.38% 

                                           26.1 
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Value taken from table 2. 

Value taken from table 1. 

On some occasions it is appropritate to consider the combined uncertainty values 

and link this to a calculated result. For example, in a titration in which you have 

been asked to calculate the concentration of an acid or base, the combined 

uncertainty values of the apparatus can be linked to the final result. 

Example 

Sodium hydroxide was standardised with 25cm3 of 0.05 mol l-1 oxalic acid.  

2NaOH  +  (COOH)2   Na2(COO)2  +  2H2O 
 

The following results were obtained. 

 

 

 

 

The concentration of sodium hydroxide can be calculated as 0.0928 mol l-1. 

(This is calculated using an n, c, v calculation). 

Apparatus: 250cm3 class B  volumetric flask (oxalic acid solution) 

                 25cm3 class B  pipette (transfer oxalic acid to conical flask) 

                 50cm3 class B  burette (sodium hydroxide solution) 

 

250cm3 volumetric flask 

Percentage uncertainty = uncertainty x 100 

                                        measurement 

Percentage uncertainty = 0.3 x 100      

                                           250 

                                    = 0.12% 

 

25cm3 pipette 

Percentage uncertainty = uncertainty x 100 

                                        measurement 

Percentage uncertainty = 0.06 x 100      

                                           25 

                                    = 0.24% 
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Value taken from table 3. 

Average titre value. 

50cm3 burette 

Percentage uncertainty = uncertainty x 100 

                                        measurement 

Percentage uncertainty = 0.10 x 100      

                                          26.95 

                                    = 0.37% 

 

The total percentage uncertainty is found by combining the three individual 

percentage uncertainties. 

0.12% + 0.24% + 0.37% = 0.73% 

 

This value can then be used to calculate the overall uncertainty in the concentration 

of sodium hydroxide from the titration. 

     0.73 x 0.0928 mol l-1 

     100 

= 0.0007 mol l-1 

 

The concentration of sodium hydroxide can be quoted as 0.0928 ± 0.0007 mol l-1. 

 

         The following video clip will help with the understanding of the lesson. 

 

https://www.youtube.com/watch?v=EtJCkuy4aMk 

 

 

 

TASK 

 Answer the questions from Sheet 4.13 and check the answers when you have 

completed them.  

 

 

 

https://www.youtube.com/watch?v=EtJCkuy4aMk
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4.13 Skills and Techniques 2 - Errors 

THIS LESSON WILL NOT BE ASSESSED FORMALLY. IT HAS BEEN PRESENTED AS YOU 

WOULD HAVE GAINED A BASIC UNDERSTANDING OF THE CONCEPTS DURING THE 

INVESTIGATION PERIOD. 

YOU WILL HAVE TO REFER TO TABLES 1, 2 & 3 FROM THE LESSON NOTES. 

1. Calculate the percentage uncertainty in the volume of solution measured using: 

a) i)  class A 10 cm3 pipette 

ii) class B 10 cm3 pipette 

b) Account for the difference in the two values. 

 

2. Calculate the percentage uncertainty in the volume of solution measured using: 

     a)  class A 500 cm3 volumetric flask 

     b)  class B 500 cm3 volumetric flask 

 

3. Calculate the percentage uncertainty with the volume of solution if 18.5cm3 of 

solution is measured using a 50cm3 class B burette. 

 

4. A class B pipette was used to measure 10cm3 of 1.45 mol l-1 nitric acid into a 

250cm3 class B volumetric flask. The solution was made up to the graduation mark 

with distilled water. 

a) Calculate the concentration of the diluted acid in the volumetric flask. 

 

b) Express the concentration of the diluted acid with a percentage uncertainty. 

 

5. A student was standardising hydrochloric acid by titration with 1 mol l-1 sodium 

carbonate. They obtained an average titre of sodium carbonate of 1.35cm3 using 

a 50cm3 class B burette. They modified the procedure and repeated it using 0.1 

mol l-1 sodium carbonate soution. This produced an average titre of 14.05cm3. 

 

a) Explain how the 0.1 mol l-1 sodium carbonate soution should be prepared. 

 

b) Show that the modified procedure reduces the overall error in the procedure. 

 

6. The concentration of potassium hydroxide was found by titration of 20cm3 

portions with 0.98 mol l-1 hydrochloric acid. A 20cm3 class B pipette was used to 

measure the volume of potassium hydroxide into a concal flask. The average titre 

of hydrochloric acid was found to be 26.5cm3 using a 50cm3 class B burette. 

HCl  +  KOH   KCl  +  H2O 

Calculate the concentration of potassium hydroxide and express it as an overall 

percentage uncertainty taking all apparatus into consideration.  


