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lab page

Extracting caffeine
from tea leaves

Glossary

Revision questions

Tannic acids Specific forms of tannins. Tannic acids are a collection
of polygalloyl glucoses and polygalloyl quinic esters found in a range
of plants (including tea). For example:

1 Using the skeletal formula of caffeine (Figure 1), what is the
molecular formula of caffeine?
2 From the formula, calculate the mass of one mole of caffeine.
Note these atomic masses:
• hydrogen = 1
• nitrogen = 14
• carbon = 12
• oxygen = 16
3 How many moles of caffeine can be extracted from eight tea bags
if 0.20 g of pure caffeine is produced?
4 What is the yield of impure caffeine if 0.20 g of caffeine is
obtained from 10.0 g of tea leaves?
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Check your answers online at
www.hoddereducation.co.uk/chemistryreviewextras
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Let’s take a look at each instruction and explain what
is happening.
1 Boil eight teabags containing 10.0 g of tea leaves in 500 cm3
of water for 15 minutes (Figure 2).

Tea is dried plant material (see Chemistry r eview, Vol. 21,
No. 1, pp. 10–15). The desired caffeine, along with colouring
molecules and tannic acids, is found within the plant cells.
Boiling in water breaks the cell walls and cell membranes and
releases the caffeine and unwanted colouring and tannic acid
molecules into the solution. The duration allows most caffeine
to dissolve.
2 Add 10 g of calcium carbonate while the tea is boiling
(Figure 3).

The calcium carbonate will react with the tannic acid,
producing calcium tannate. Calcium tannate is insoluble. This
step therefore removes the tannic acid from the solution as a
precipitate. The calcium carbonate is itself insoluble and so can
also be removed easily.
3 Put the mixture through Büchner (reduced pressure)
filtration (Figure 4).
Büchner filtration is a more efficient method of separating
insoluble material from a solution than the traditional gravity
filtration of lower-school chemistry classes. Removing air (using
a pump) from the Büchner flask below the filter paper reduces
the pressure. Since atmospheric pressure above the filter paper
remains unchanged, it is now higher than in the flask. The
result is that the air pushes the solution through the filter paper.
The insoluble materials, tea bags, spent tea leaves, calcium
tannate and the excess of calcium carbonate are separated from
the solution, which now only contains colouring molecules,
caffeine and water.

Figure 2

Figure 3

Figure 4
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Tim Harrison looks at the chemistry behind the steps in a common piece of practical work
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Exam links
AQA 7405 8.1 Use of apparatus and techniques; AT a, b, d and k
Edexcel 9CH0 Appendix 5c: Use of apparatus and techniques; 1, 2,
4, 11
OCR H433 and H432 1.2.2 Use of apparatus and techniques, a, b, d, k
WJEC Practical techniques to be gained by learners

P

ractical work is a vital part of the study of chemistry.
Unfortunately, weaker students see practical procedures
as a recipe-following exercise, just like cookery. They do
not stop and think about why they are asked to do the steps
in the practical instructions. This ‘Lab page’ teases out the
chemistry involved.
The simplified procedure for the extraction of caffeine from
tea could read:

caffeine extracts add three spatulas of anhydrous magnesium
sulfate and stir, or pass the solution through the drying agent.
Decant the solution through a dry Büchner filtration apparatus
into a pre-weighed, dry round-bottomed flask. Boil off the solvent
using a rotary evaporator. Reweigh the dried flask and its contents.
Transfer your product to a specimen tube and label. Analyse your
product by taking an infrared spectrograph.
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Tea leaves contain caffeine (Figure 1), colouring molecules, cell
debris and tannic acids. The caffeine can be extracted by the
following procedure.
Boil eight teabags containing 10.0 g of tea leaves in 500 cm3 of
water for 15 minutes. Add 10 g of calcium carbonate while the
tea is boiling. Put the mixture through Buchner (reduced pressure)
filtration. Cool the filtrate to room temperature using an ice bath.
Using solvent extraction via 2 aliquots of dichloromethane (50 cm3
each), extract the caffeine from the tea solution. To the combined
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Figure 1 The structure of caffeine
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