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Although Peder Sorenson invented the pH scale in 1909 it required a lot of skill to calculate the pH of solutions. Simple indicators like litmus change colour at a particular pH so their colour indicates if the pH of the solution is above or below that pH. They do not give a precise pH number.

In 1923 a Japanese chemist called Yamada had the idea of mixing a number of indicators together to produce a mixture that produced a pattern of colours across the whole range of pH numbers. His recipe was patented in 1934 and is still used today for universal indicator.

	Indicator
	Amount in 1 litre of universal indicator solution (g)
	Colour 1
	Colour 2
	pH at which colours changes from 1 to 2

	Thymol blue
	0.025
	yellow
	blue
	8–9.5

	Methyl red
	0.060
	red
	yellow
	4–6.5

	Bromothymol blue
	0.300
	yellow
	blue
	6–7.5

	phenolphthalein
	0.500
	colourless
	red
	8–10


1 Which of the indicators used by Yamada shows different colours in test solutions that are:
a more and less acidic

b slightly acidic and slightly alkaline

c more and less alkaline?
2 Why do you think that Yamada’s mixture contains only a small amount of thymol blue compared to the amount of phenolphthalein?

3 Universal indicator is often called ‘full-range’ indicator but what range of pH numbers does it actually show different colours for?

Scientists often need a pH indicator that shows a colour change over a different range to Yamada’s universal indicator.
4 Use the data in the box below and Yamada’s recipe above to design an indicator that shows various colours over the range pH 0 to pH 7. You don’t have to use all the indicators. Write down the indicators you think may work and draw a pH colour chart that you predict for your indicator.

	Indicator
	Colour 1
	Colour 2
	pH of colour change

	Methyl violet
	yellow
	blue
	0–1.5

	Methyl yellow
	red
	yellow
	3–4

	Bromocresol green
	yellow
	blue
	4–5

	Phenol red
	yellow
	red
	7–8.5


5 The pH meter was invented in 1935 by Arnold Beckmann. It was the first electronic instrument used in chemistry. Find out more about Beckman and his invention and write a short magazine article suggesting why his invention was important.

I can…

describe solutions as more or less acidic or alkaline by comparing their pH
use information about indicator colour changes to design indicators.
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