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Reactivity 3.1.5 
The pH of water at different temperatures
References:
R3.1.5 The ionic product constant of water shows an inverse relationship between 
[H+] and [OH−]. 
Kw = [H+] [OH−] 
T3 Mathematical skills
Aim
To investigate the relationship between the pH of water and temperature.
Introduction
The pH of deionized water is stated to be equal to 7.
This is a result of the value of the ionic product constant of pure water (Kw) at 298 K being 
equal to 1 × 10–14.
We can work this out as follows:

From the dissociation of water: 

K[H2O] = [H+][OH–] 
Kw = [H+][OH–] 

In pure water at room temperature, [H+] = [OH–]


The value of Kw, as for all thermodynamic data, is temperature dependent. At different temperatures, Kw has different values, and so it is expected that the pH value will be affected.
It is important to highlight that no matter what value of pH is reported for water at various temperatures, the concentrations of [H+] and [OH−] are still equal, meaning that pure water is always neutral. It is the pH scale that changes at different temperatures and not the acid/base character of water.

There are pH sensors available with automatic temperature compensation (ATC) capabilities to address this issue.

Pre-lab question
Why does the extent of ionization of water increase as temperature increases?
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) 

	deionized water 
tap water 
ice cubes
sodium chloride, NaCl(s)

	temperature probe or thermometer
pH sensor
100 cm3 beaker 
bowl for ice bath 
paper towels 
Pyrex bowl for hot water bath
hot plate




Method 
1. Pour about 50 cm3 of deionized water into a 100 cm3 beaker.
2. Record the temperature of the deionized water. Measure and record the pH of the water using the pH sensor.
3. Add a small amount of tap water to a bowl containing ice cubes to make an ice bath.
4. Place the beaker in the ice bath for a few minutes and record the temperature of the deionized water. Measure and record the pH of the deionized water.
5. Remove the beaker from the ice bath and dry the outer walls with paper towels.
6. Add some tap water to a Pyrex bowl and place the bowl on the hot plate to make a 
hot-water bath.
7. Place the beaker of deionized water in the water bath and turn the hot plate on.
8. Record the pH of the deionized water in the beaker at various temperatures between 0 
and 70°C. Record the pH to 2 decimal places if possible.



Analysis
	Temperature (°C)
	pH

	0
	

	25
	

	40
	

	55
	

	70
	



	Temperature (°C)
	pH
	[H+] = 10−pH = x
	Kw= x2

	0
	
	
	

	25
	
	
	

	40
	
	
	

	55
	
	
	

	70
	
	
	



Determine the relationship between pH and temperature.
Find the reported values of Kw of water at the investigated temperatures and determine your experimental error.

Reflection
Notice that the pH of deionised water at 25 °C is not exactly 7, but lower. Consider possible reasons to explain this.

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 and discuss your results.
State the relationship between pH and temperature. 
List the sources of random and systemic error and consider their effect.
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