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Reactivity 3.1.4 
Use of a pH meter and universal indicator to measure pH 
References:
R3.1.4 The pH scale is a convenient means to describe the [H+] of a solution. 
            pH = −log10[H+]; [H+] = 10−pH 
T1 Experimental techniques
T3 Mathematical skills
Aims
To learn how to measure pH using pH meters and universal indicator paper.
To compare the strengths of different acids by measuring their pH at the 
same concentration.
To examine the effect of dilution on the pH of ethanoic acid, CH3COOH.
Introduction
The pH scale is widely used to describe acid and base properties. It is a measure of the hydrogen ion concentration in solution, and is expressed as:

pH = −log10[H+] or [H+] = 10−pH

The hydrogen ion concentration of an acid solution depends on:
the strength of the acid (which is a measure of the extent of its dissociation), and
the concentration of the acid (which is a measure of the ratio of moles of solute to volume of solution).

This investigation should help you to clarify the difference between the two pairs of opposite terms used to describe acids and bases:
· strong versus weak and
· concentrated versus dilute.

We will measure pH using both pH sensors and universal indicator paper. pH sensors need to be calibrated before each use, using buffers that span the pH range being studied.

Universal indicator paper is paper that has been soaked in a mixture of acid/base indicators, which give a distinct range of colours across the pH range 1–14. The colour observed can be converted to pH by reading off a chart, which is usually provided with the universal indicator paper.


Before starting these experiments, make sure that you understand the principles and practice of calibration of the pH meter using two different buffer solutions. Refer to the sensor’s documentation if you are not sure how to calibrate the sensor. You must use this process before and between the two experiments. Please treat the sensors with care and make sure they are never left dry!

Pre-lab questions
1. Explain the difference between:
a) a strong acid and a concentrated acid
b) a weak acid and a dilute acid.
2. Explain why it is important to keep the temperature constant when comparing the pH 
of different solutions

Please note 
· A full risk assessment should be carried out prior to commencing this experiment. 
· Personal safety equipment should be worn. 
· Chemicals should be disposed of safely and with due regard to any environmental considerations.

Risk assessment
	Material name and chemical formula
	Associated risks
	Measures taken

	

	
	

	

	
	

	

	
	



Environmental risks
	Waste products (if any)
	Associated risks
	Waste management

	


	
	


Ethical risks
	Risks to humans
	Justification
	Management

	

	
	

	Risks to the environment
	Justification
	Management

	

	
	



Equipment list
	Chemicals/materials 
	Apparatus (per group of students) 

	benzoic acid, C6H5COOH
sodium dihydrogen phosphate monohydrate, NaH2PO4.H2O
boric acid, H3BO3
0.100 mol dm−3 ethanoic acid, CH3COOH
0.100 mol dm−3 hydrochloric acid, HCl

	balance
10 cm3 pipette and filler
100 cm3  volumetric flasks
pH sensor
universal indicator paper with colour identification chart




Method – Part 1
1. Prepare 50 cm3 of 0.010 mol dm−3 solutions of each of the following acids from the given solids:
benzoic acid, C6H5COOH
sodium dihydrogen phosphate monohydrate, NaH2PO4.H2O
boric acid, H3BO3

2. Prepare 50 cm3 of 0.010 mol dm−3 solutions of the following acids from the given 0.100 mol dm−3 solutions:
ethanoic acid, CH3COOH
hydrochloric acid, HCl 

3. Measure the pH of each solution at a set temperature using the pH meter and then using universal indicator paper.


Analysis
	0.010 mol dm−3 acid 
	pH from pH meter 
	pH from universal indicator paper 

	benzoic acid, C6H5COOH
	
	

	sodium dihydrogen phosphate monohydrate, NaH2PO4.H2O
	
	

	boric acid, H3BO3
	
	

	ethanoic acid, CH3COOH
	
	

	hydrochloric acid, HCl
	
	



Conclusion
List these five acids in order of decreasing acid strength.
Are the results using the pH meter and universal indicator paper consistent with 
each other?
Comment on the advantages and disadvantages of the two methods of measuring pH.

Method – Part 2
1. Starting with the 0.100 mol dm−3 solution of ethanoic acid, prepare a serial dilution of 100 cm3 ethanoic acid at each of the following concentrations:
0.010 mol dm−3
0.0010 mol dm−3
0.00010 mol dm−3 

2. Use the pH meter to measure the pH of each of these solutions. Carefully consider the order in which you are going to take the readings and any other precautions to improve the accuracy. Record your results in the table.
Analysis
	Concentration of acid / mol dm−3
	pH of solutions of ethanoic acid

	0.010 mol dm−3
	

	0.0010 mol dm−3
	

	0.00010 mol dm−3
	



Conclusion
Comment on the effect of dilution on the pH of ethanoic acid.

Reflection
· Compare the pH of ethanoic acid at each concentration with the calculated pH of a solution of hydrochloric acid of the same concentration at 298 K.
· What does this imply about the extent of dissociation in the two acids?

Post–lab report
Write a report where you:
· Summarize the important theoretical concepts described in this lab.
· Summarize the experimental procedure.
· Highlight any important health and safety matters.
· Present your observations and discuss your results.
· Sketch a graph to show the difference between the pH of the two acids as their concentration decreases.
· What does this indicate about the effect of dilution on dissociation of acids? Can you explain this observation in terms of equilibrium theory?
· Present and justify your conclusion. 
· Evaluate the process. 
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