
Colourful chemistry 
 
 
The purpose of this project is to familiarize students with acids and alkaline substances. 
Students will make an acid/alkaline indicator with red cabbage and classify familiar household 
chemicals using the indicator they have made. 
Acid/alkaline indicators, more commonly called pH indicators, denote the existence of acidity 
or alkalinity, and the approximate acidity of a substance. The indicator works such that when 
the pH value changes, the colour of the compound also changes. The colour changes because 
the molecule structure of the substance changes. The different molecule structure absorbs and 
reflects light in a different way causing us to see different colours.  
 
Acid and Alkaline  
Water (H2O) provides the simplest way to explain the acidic/alkaline qualities of a substance. 
Water may be either acidic or alkaline. For example, pure, distilled water has as much H+ ions 
as OH- ions, which makes water neutral.  
 
An acidic substance is a water solution that has more H+ ions than OH- ions.  
 H+ > OH- = acid  
Acids include, for example, carbonic acid found in soft drinks, citric acid found in fruits, 
sulphuric acid in car batteries, and hydrochloric acid found in the stomach.  
 
An alkaline substance is a water solution that has more hydroxyl ions (OH-) than hydrogen 
ions. Alkaline substances include, for example, sodium bicarbonate (baking soda) and 
ammonia found in urine. 
 
The pH scale is a logarithmic scale and it measures the acidity and alkaline content of various 
substances. The pH number represents a tenfold change in acidity or alkalinity and is the 
negative logarithm of the effective hydrogen-ion concentration. 
Examples: 
– pH 1 means that the content of the H+ ion is 10-1 mol/l 
– pH 3 means that the content of the H+ ion is 10-3 mol/l 
– pH 10 means that the content of the H+ ion is 10-10 mol/l 
 
The numbers on the pH scale are from 0 to 14. The pH value of 7 is neutral: values smaller 
than 7 are acidic, and values larger than 7 are alkaline. It is possible to make extremely acidic 
substances whose pH value is negative and, correspondingly, extremely alkaline substances 
whose pH value is over 14. Determining the precise pH value of such substances is difficult 
however.  
 
The pH Indicator and Red Cabbage 
Acid/alkaline indicators, more commonly called pH indicators, denote the existence of acidity 
or alkalinity, and the approximate acidity of a substance. The indicator works such that when 
the pH value changes, the colour of the compound also changes. The colour changes because 
the molecule structure of the substance changes. The different molecule structure absorbs and 
reflects light in a different way causing us to see different colours.  
 
Table 1. Various pH indicators 
methyl orange red – yellow 3,1–4,4 
Congo red blue-violet – red 3,0–5,2 
methyl red red – yellow 4,2–6,2 
bromthymol blue yellow – blue 6,0–7,6 
litmus red – blue 5,0–8,0 
phenolphthalein colourless – red-violet 8,0–9,8 
 
Many plants, such as red cabbage and red onion, contain anthocyanins and flavones. These 
compounds change their colour when going from acid to alkaline. 



 
The colour scale of red cabbage juice changes from red to violet to yellow:  
 
acid     neutral   alkaline 
 
red    pink violet blue     green    yellow 
 
A buffer solution is a substance whose pH does not significantly change when diluted or when 
small amounts of an acidic or alkaline substance have been added to it. Thus, the buffer 
solution is ‘buffered’, or protected, against acids and bases. The solution usually contains 
either a weak acid and its soluble ionic salt, or a weak base and its corresponding soluble ionic 
salt or partially neutral acids with a value of two or three. Natural solutions, such as blood, are 
often strongly buffered.     
 
The buffer solutions used in the Colourful Chemistry project are 
– pH 2: citric acid-HCl-NaOH 
– pH 5: citric acid-NaOH 
– pH 7: Na2HPO4-KH2PO4

– pH 11: boric acid-KCl-NaOH 
– pH 13: KCl-NaOH 
 
The buffer solutions have been purchased from VWR International Oy, a company that sells 
laboratory products, but they can also be purchased from other companies that sell such 
products.  
 
Procedure: how to do the experiment 
1. Preparation 
-Put the boxes on the table.  
 
-Put the forms ready for use on the table; one for each student in case they want to keep 
their coloured forms. The forms are tri-lingual.  
 
-Put a honeycomb plate on the form.  
 
-Put the students into pairs and give them enough ready chopped red cabbage from the 
freezer to cover the bottom of a 250 ml decanter glass.  
NOTE: if the project is to be carried out with another group immediately after the first, then 
the same red cabbage may be used. Additionally, remember to get carbon dioxide ice from the 
assembly hall and break it down into small pieces.  
 
Turn all taps on to the hottest water possible and run some hot water just before you begin 
the project to ensure that hot water is available during the project.  
 
2. Working with the group 
-Tell the group that you will be dealing with a very important feature of various substances —
acidity. They will be making an indicator scale for measuring acidity and using it to examine 
various substances found at home. Ask the group what types of acidic substances they 
remember.  
 
-Preparing the red cabbage juice 
Run hot water over the red cabbage in the decanter. Let the cabbage soak for a few minutes 
sloshing it around a little.  
When the water has clearly changed to blue, decant the juice into two 100 ml decanter 
glasses, filling the glasses with an equal amount of the substance. It does not matter if a few 
small pieces of cabbage fall into the decanters.  
 



 
-Showing the characteristics of the red cabbage juice as a pH indicator 
Carbon dioxide is used to test the characteristics of the red cabbage juice as a pH indicator. It 
is the same substance used to make soft drinks acidic. If we were in a real soft drink factory, 
we would use carbon dioxide in the form of gas, but here at Heureka, we use frozen carbon 
dioxide. The carbon dioxide ice is -79º C, so you must not touch it with your bare hands! 
The pH of Heureka’s tap water is about 6.5–7. Red cabbage is blue at this pH level. The guide 
will distribute pieces of carbon dioxide ice to each pair of students. This will change the pH of 
the water and the colour will change to a violet red.  
 
-Formulating the acidity scale with red cabbage juice and the buffer solution 
Show the students how to place the honeycomb plate on the form. Using a dropper, the red 
cabbage juice should be put into the holes of the honeycomb plate, which have numbers 2, 5, 
7, 11, and 13. The juice should fill about half of the hole in the honeycomb plate. Have the 
students make sure that all the colours stay the same. The honeycomb plates may not have 
been washed thoroughly and this causes the colour to change immediately into something 
else. If the colours change, drop the juice into new holes, or change the entire honeycomb 
plate altogether.  
 
Drop 100 ml of the buffer substance from the measuring bottle into each hole. Be sure the 
students have checked that the pH value of the bottle and the place on the honeycomb plate 
coincide with each other.  
 
-Colouring the pH colour chart 
The results of the experiment (the colours) should be copied with felt pens onto the form. 
Emphasise to the students that the colours are not quite all the same; the idea is to find the 
most consistent colour. The colours may also be mixed.  
 
-Determining the pH of various substances 
The box contains a few familiar household chemicals whose pH can be determined using the 
previously made pH colour chart. The substances include an acid, a neutral, and an alkaline 
substance. The substances include lemon juice, water, and dishwasher soap. Students will also 
examine the colour of the red cabbage juice acidified with carbon dioxide ice. 
 
The experiment works in the same way as previously: drop some red cabbage juice with a 
dropper into the four holes on the lower edge of the honeycomb plate. Compare the colours 
with the colour chart and also with the liquid colours. Each pH value examined should be 
written on the form.  
 
Finally, go over the results with the students. You could ask which substances are the most 
acidic, which are the most alkaline. And what about the water? And so the students have 
learned about the three ‘extremes’ of the acid scale.  
 
Finishing up  
The students may take the forms home with them. The boxes should be neatly packed. The 
dishes and honeycomb plates may be left on the table; the explainer will make sure they are 
washed.  
 
When washing the dishes, special care should be taken in washing the honeycomb plates. They 
should be washed in the upper part of the dishwasher.  
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