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Abstract: In this essay [ am exploring the effect of the production of tea
- on its caffeine content, using the question: Is there a variation in the amount of caffeine in

black teas produced differently, by comparing brands of tea produced by different w
manufacturers?

The scope was to determine what processes have an effect on the levels of caffeine in tea, if

there was an effect. As part of the production, brand, manufacturer and region grown were

considered. By production, it is meant how the tea leaf on a plant to what is in the average tea

bag. By brand, it is meant what name the tea is sold as ~Ceylon, Darjeeling, Earl Grey. By
manufacturer, it is meant the company that produces and sells the tea. The amount of caffeine

present in each different was found by doing a series of experiments to extract the crystalline ~ WN&eds
white solid, caffeine. From finding the mass of this caffeine, and using the known molar mass e
— the moles of caffeine obtained from each experiment were compared. This was able to be

done as the same mass of tea leaves were stewed for each experiment.

It was found that the manufacturer, Ahmad™, had the most caffeine on average, and the
highest value for caffeine was in the Ahmad™ Ceylon tea — with 0.001789 moles + 0.000005
of caffeine per gram. There was no consistent pattern between different regions, Ceylon and
Darjeeling teas — with Ceylon tea having about 0.00050 moles + 0.00001 more than
Darjeeling for Ahmad™ and having 0.00105 moles  0.00001 less than Darjeeling for
Dilmah™. There was no tea that had an overall greatest value, with Darjeeling tea the most
consistent, in caffeine, between the two manufacturers. In conclusion, there is a variation in
caffeine due to how tea is produced.

Word count: 287
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Introduction

Why I chose this topic?

When choosing a question, I decided I wanted to do something that would apply to my
everyday life. I felt I would have achieved something and see things differently, day to day.
Tea has long been seen as some British thing, and having a grandmother and mother who
both love it, it was a tempting topic. Also, having been on a trip to India, where the choice
was so varied, and living in a region where there are so many different types of tea available,
it seemed reasonable. As I had heard of many extended essays with titles relating to the
finding of the levels of caffeine between black, oolong, green and white teas, I was reluctant
to go down this route. As well as this, I also thought that there was much more to the
production, how the tea leaf on a plant to what is in the average tea bag, than just these four
types, with black tea being the basis of many major teas (such as the ones I chose in my
experiments). I thought it would be interesting to directly compare brands — what name the
tea is sold under (for example: Ceylon, Darjeeling, Earl Grey) and the preparations of the
same tea leaf (in my case, the black tea) to see on an even smaller scale, if there were any
variations in the moles of caffeine when a cup of tea was made. Essentially there is only one 7
type of tea leaf, and hundreds of different types can be made from it. Focusing on one area of
all of this Seemed to be the most Jogical option. And so I came up with my question: Is there
a variation in the amount of caffeine in black teas produced differently, by comparing brands

of tea produced b}h different manufacturers? ndse  MMSA o Droad .

Approach };ﬁ@;‘,

I approached this question by first deciding what I wanted to test. Through research, 1 found
that out of the four basic types of tea leaves, the black, green, white and oolong (as mentioned
above), were not different species and were merely produced differently to give the final
product. The most available to me was black tea. It is contained in various teas such as Earl
Grey tea, English breakfast tea, Ceylon tea, Kenyan tea, Darjeeling tea and so on. It became
apparent, that the leaves were from different regions, so grown differently. I then chose three
teas, each with their own distinction from the other:

- Earl Grey Tea: fundamentally, Ceylon tea, grown in Sri Lanka, with flavouring added,
called bergamot, giving it its distinctive taste.

- Ceylon Tea: tea grown in Sri Lanka, with nothing else added.

- Darjeeling: tea grown in northern India, with nothing else added.

This gave me leeway to compare the Ceylon and Darjeeling for how they are prepared or
grown in different regions, and Ceylon and Earl Grey to see how the preparation of the tea
Jeaves from the same region effect the caffeine levels. I wanted to see determine whether
‘these differences were consistent between manufacturers, the company that produces and
sells the tea , | chose two manufacturers, allowing me to refine my question further, exploring
the following factors within the ‘preparation’:

- how different preparations, or growth factors, compare between regions™

- how different preparations vary the caffeine content with the same tea leaf from the same
region*®



- how the variations are the same between different companies who make the tea*
*with the assumption that there WILL be some variation

Along with this, I also tested each tea from each company, three times, to show that the
results were standard between each.



Investigation
Background Information

Tea itself is grown as a plant - camellia sinensis- whose leaves and leaf buds are processed
using several methods to give the final product of the dried tea leaves that are commercially
used to use in drinks. There are two variations to this plant based on where they are naturally
occurring - Camellia sinensis var. sinensis (China tea) and Camellia sinensis var. assamica
(Assam tea, Indian tea). All types of tea come from this plant — the types being black, green,
white and oolong tea. Essentially — they are not different tea leaves, they are the same plant’s
leaves processed differently.

Out of the four, black tea is fermented the longest — the full process that black tea undergoes
can be seen in the diagram below. ‘
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Figure 1 — Diagram of how tea is prodlucedl

Withering is started when the leaves are plucl?ffom the plant, and is the natural process of the
leaves beginning to decompose. The leaves argspread out where they are left to wither in the
sun. They quickly loose water and become limp. The leaves are then rolled and bruised to
“break open their leaf cells”. They are then in a warm place to ferment. The breaking of their
structure and heat encourages reactions within the leaf, as later described — leading to
fermentation. The leaves are then heated, or fired, where they are heat to high temperatures
and dried. This is the final product that ends up sold commercially.?

t gp://www.planet—téa.com

* All information from this paragraph was seen af: hitp://www.siu.edu/~ebl/leaflets/tea.htm
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It is suggested by numerous sources that during the fermentation process the enzymes in the
leaf breakdown the tannins and oils in the leaf. This is the stage where caffeine appears to be
produced through the action of the catalysts. One source even states that the caffeine
undergoes “oxidation”. However, despite an extensive search, the precise reaction of what
substance is made into caffeine is not available.

There does appear to be some information — but much of it is published data. However, what
is suggested by what was seen was that a structurally similar chemical, theobromine is one of
those that leads to the formation of caffeine. It has a similar structure, as seen below in
Figure 3 and Figure 4, and it also said to be an “alkaloid”, a substance that is highly reactive
and biologically active at low temperatures. # The nitrogen based compounds are the
stimulants in numerous illegal drugs — and are the cause for the effect they have on a person g

Figure 3: Structure of a caffeine molecule’  Figure 4 — the structural formula of Theobromine®

Although complex, the principles behind this reaction are relatively simple. Enzymes, which
are catalysts, are activated at certain energies. Activation energy is the minimum energy
required for a certain reaction to occur. The enzymes lower the energy for this complex
reaction, taking organic materials and making them into caffeine, to occur at. During
fermentation, with elevated temperatures, the reaction is more likely to occur — as more
molecules will have the correct activation energies, according to the Maxwell-Boltzmann
distribution curve, which is a model that shows the effect of raising temperature on a
reaction, and whose area under the graph is the number of molecules present in the given
reaction.

3 httpe/Awww thefragrantleaf.com/blacktea htm]

* nttp:/fwww. friedH.com/herbs/phytochemy/alkaloids/atkaloid 1 .htm]
? httg://www.bmrb.wisc.edu/metaboiomics/standards/caffeine/ 1it/9684.png

6 http://www.ghytochemicaks.‘i:1fo/ghygochemica!s/theobmmine.ghp
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Figure 5 — Energy diagram (with C indicating what is meant by the activation energy for a reaction)’
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Figure 6 ~-Maxwell-Boltzmann distribution curve (with T1 being the jower temperature)®

The initial withering and rolling of the tea is expected to play a part. As the leaves and their
cells are a said to be “broken” down. How effectively this is done may play a part in the later
processes.

It is also suggested that changing the region of where the tea is grown has some effect on
caffeine levels. This is due to two reasons. Firstly — as there are slight variations in the tea
plant between regions, the way in which the different types may have adapted to their climate
over the years may vary how much caffeine is present. Secondly, the soils in the regions may
vary the way in which the plant has grown. Both factors could increase or decrease the
amount of caffeine as the plants may act differently and be more susceptible to producing
caffeine.

Caffeine itself is a stimulant used in everyday life, with the molecular formula (C3H10N402)9.
Figure 3 above shows the structure of the molecule. At room temperature, caffeine is a white,

7 h_tgg://www.chemcoo1.com/regents/kineticseguilibrium/aim4.h9.}'pg

g http://www.webchem, net/images/kinetics/wpel Jpg
* htto:/fen. wikipedia.org/wiki/Caffeine




needle-like solid. It has a boiling point of around 178 °C1%  where is sublimes from a solid to
a gas. Its melting point is at 237 °C (when superheated)“. Its solubility in water is 22
mgmL"" at room temperature, and this raises to around 670 mgml " at 100 °C2, 1Itisalso
highly soluble in organic liquids. Tea itself is known to contain around 30mg to 90 mg of this
drug, depending on how it is grown, processed and brewed. wf fov wio ?

As mentioned previously, during fermentation, tannins and oils are broken down. Tannins are
organic polymers, polyphenols, with their monomer units being simple types of acid, such as
gallic acid, or “flavanoids”, such as flavanol®. Examples of the monomer units can be seen
below in Figure 7, however the in depth differences between the two types is irrelevant to the
investigation as both are present in tea and act in the same way during the experiment. It is
worth noting though, that the two variations have differences in their structure leading
differing chemical properties, with the condensed tannins being harder to analyse. The two
variations are known as hydrolysable and non-hydrolysable, or condensed tannins. ? ?’

COOH

Gallic acid M = 170 g mol™! Edlagic acid M = 302 g mol

Figure 7: Repeated Units of Condensed Tannins"
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 mtp://en. wikipedia.org/wiki/Caffeine
" hitp://en. wikipedia.org/wiki/Caffeine

2 wttp://en.wikipedia.org/wiki/Caffeine
3 http://www.herbs2000.com/h_menu/tannins htm

4 Adapted from http:/www.rsc.org/ei/AN/2001/b104584a/b104584a-f1.gif
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Brief Method [for full look in Appendix Il - p.27-28 7'

1.

10.

11.

12.

Boil water, then add tea leaves, about 2g which is almost equivalent to an average tea
bag, to the water and allow to stew.

Using a suction filter, remove the tea leaves and add the sodium chloride.
Heat the mixture on the Bunsen burner.

Add calcium hydroxide — these chemicals are used to help remove solid and metal ion
impurities (such as dust from tea bags) that may be in the solution.

Gently place this into the ice bath and leave to cool.
Once cool, use the suction filter to remove the precipitate formed.
Pour this into the separating funnel and add propan-1-ol.

Mix this and allow it to separate out. Pour off the propan-1-ol mixture into a clean
flask —repeat this step again.

The caffeine and tannins should now be almost all dissolved in the propan-1-ol.
Organic material easily dissolves in the propan-1-ol, due to the idea that like dissolves
like. Although the water which the caffeine and tannins are already dissolved in is
highly polar, there is a large difference in the intermolecular forces between the
molecules. Therefore, when the propan-1-ol is introduced, with more similar
intermolecular forces in comparison to the water, the tannins and caffeine are easily
attracted to the propan-1-ol, as the intermolecular forces between the water molecules
is greater than the attraction between the water and the caffeine and tannins.
Therefore, the organic materials in the tea are dissolved into the propan-1-ol, leaving
behind the water and any other impurities.

Then add the propan-1-ol mixture into the separating funnel with the sodium
hydroxide. Mix and allow to separate. In this case there is a chemical reaction
occurring — where the tannins, which are acidic, undergo a complex acid-base reaction
with the sodium hydroxide, producing a salt that is dissolved into the water (from the
original 2.5M sodium hydroxide solution). The caffeine does not undergo this
reaction as if is not acidic.

Pour the propan-1-ol and caffeine mixture into a clean conical flask.

Add anhydrous sodium sulphate and swirl with the propan-1-ol mixture, until the
sodium sulphate is free flowing (when all water should be removed). The chemical is
a commonly used drying agent36 and is used in such a way in the experiment — to
remove any water that may be left over from the previous experimental procedures.

15 Adapted from UWCSEA extraction of caffeine practical (revised June 2008)
¢ hitp://www.vias.org/genchem/inorgeomp sodiumsulfate html
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The addition of water lead to it becoming soluble in the water, which is seen when it
is described as ‘free flowing’.

13. Pour the mixture into a round bottom flask and distil the solution, which removes
even more of the water that may remain, further purifying the sample.

14. Pipette 5 mi off into a clean, pre-weighed, Petri dish and leave overnight. ;/\ﬂ,\\,j 5 mad 7
15. Once the propan-1-ol has evaporated (a white solid should be observed) add some

propanone and leave overnight. The propanone, which has lower melting and boiling

points than propan-1-ol, quickly evaporates' . The more volatile liquid then attracts

any remaining propan-1-ol so leaving pure caffeine behind.

16. Weigh the Petri dish again and compare the differences in mass to find the moles of
caffeine that have been produced.

how puie cloto Wom el jiw;

1 http://ptcl.Chem.ox'.ac:.uk/~hmc/hsci/chemicals/gropanone.html
htip://en.wikipedia.org/wiki/Propan-1-ol
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Graphs of Processed Data and Analysis

To compare the results obtained for the moles of caffeine in each trial, the graphs of the results for
cach manufacturer were compared, and then to show any variation between the manufacturers '
themselves, the values of each Ceylon, Darjeeling and Earl Grey teas were plotted next to one another
to directly compare them. All values used are from the Table of Processed Data on p.12: Average
moles of caffeine in each tea.

Graph 1: Comparing the moles of caffeine present in Ahmad™ manufactured tea
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2 — Darjeeling tea
3 .- Earl Grey tea

Analysis of Graph 1.

It can be seen in Graph I that the Ceylon and Earl Grey teas clearly have much more caffeine
than the Darjeeling, about 0.0005 moles more (value from Graph I). This indicates that the
region in which the tea was grown played a significant role in how much caffeine was in the
tea. It can also be seen that the Ceylon has a little more caffeine than Earl Grey, by about
0.00012 moles — this suggests that Early Grey (due to how it was processed with its
additional bergamot flavouring) has been effected by how it was produced — as both teas are
grown in Sri Lanka. This shows that region plays a large role in the amount of caffeine.
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Graph 2: Comparing the moles of caffeine present in Dilmah™ manufactured tea
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Analysis of Graph 2:

The trend of Graph 2 is different to that of Graph I, on p.13, as Darjeeling now has much
more caffeine when it is from the Dilmah™ manufacturer. This shows again, however, that
region still plays a great role in the levels of caffeine, with Darjeeling at about 0.00158 moles
and Ceylon only around 0.00072 moles (values are from Graph 2). There is, again, a higher
value for Ceylon than Earl Grey, with a difference of about 0.00028 moles, which is similar
to that seen on Graph I, p.13. This reconfirms the idea that the production difference of the
addition of flavouring to the Earl Grey has played a role.

14



Graph 3: Comparing the moles of caffeine present in both Ahmad™ and Dilmah™
manufactured tea
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Analysis of Graph 3:

It can be seen that the manufacturers must vary their methods of production in some way as
there are great difference between the values obtained for Ceylon and Earl Grey teas. The
Darjeeling is more consistent — with a difference of about 0.00046 moles between the two
manufacturers, in comparison to around 0.00126 moles in the Ceylon teas (values taken from
Graph 3). On the whole, it can be seen that the Ahmad™ teas have a greater amount of
caffeine. The data clearly suggests that there is variation between manufacturers and suggests
they must have different ways in which they produce their teas.

Analysis of the Anomalies:

Highlighted in BT on the Tables of Raw Data in Appendix V and VI (p.30 and p.31) the
anomalies are distinctly Jower than the other values obtained for the different trials of the
teas. The likely cause of the data being so much lower is experimental error — the trials when
being done had many problems and were some of the first two to be done. For example, one
had the issue of little propan-1-ol separating out earlier in the experiment, so when the
distillation took place, there was just barely sufficient propan-1-ol to put into the Petri dish,

15




which was also likely to be lacking in caffeine due to the fact that little caffeine would have

dissolved into the alcohol earlier in the experiment.
T
: YN L 5 T

1/3\77‘)”\7
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Conclusion

In relation to the question: Is there a variation in the amount of caffeine in black teas produced
differently, by comparing brands of tea produced by different manufacturers? The results of
the experiment show that there are clear variations between how what is essentially the same tea leaf
has been produced.

The general observations were that, within Ahmad™, the moles of caffeine in the teas grown in
Ceylon was much higher than the Darjeeling tea. Within Dilmah™, the moles of caffeiné in the teas
grown in Ceylon were much lower than the Darjeeling tea. These results suggest that within
manufacturers — the place in which tea is grown does play some role. This agrees with the research,
which suggests that teas grown in different regions would have different caffeine contents.

For both manufacturers the Ceylon tea also had slightly greater moles of caffeine than Earl Grey,
perhaps due to the fact that some of the 2g of tea leaves used were actually the bergamot flavouring /
from the Earl Grey’s production. This also agrees with the research as changing production will
change the caffeine content.

The Ceylon and Earl Grey teas, grown in the same region had large differences in moles between the
two manufacturers, suggesting that the manufacturers produce the same brands of tea differently,
contradicting research, as the processes should be consistent between each manufacturer.

From the experiment, it can be seen that the different factors in the production of caffeine have
different effects and can be ranked according to the experiment, in the following manner.

1. Who the manufacturer is — must spend longer at different stages during production, perhaps
longer time for fermentation.

2. Where the tea is grown and produced — the difference in moles between the teas grown in Sri
Lanka (Ceylon and Earl Grey) and India (Darjeeling) were not consistent between
manufacturers, but were great. This is most likely due to how the tea was grown — affecting
the abundance of the organic molecule that is changed into caffeine during the production
process. Also, the production may be slightly different between the two regions.

3. The production between brands of tea (between Ceylon and Earl Grey) — there is a small
difference between the two — as suggested previously, this is due to the fact that bergamot was
added to the Earl Grey, directly linked to the production of the tea.

fWith 1 having the greatest effect on the moles of caffeine.]

Reliability of Resulls:

The reliability of the results is high. There is consistency between each trial, with the
exception of the two anomalies, which were discussed earlier in the Analysis (p.15-16). It
can be seen that the errors of the experiment are also relatively low, showing accuracy in the
experiment as well. The change in mass of the samples lies within the mass (in mg) of

17



caffeine expected in an average cup of tea, around 30 mg to 90 mg'®, showing a further
consistency not only within results, but with other sources.

Related questions/Further research:

From the defining of my research question, to my background research, and throughout my
experimentation and analysis, it was apparent that the scope of what I have done during this essay
could have been much wider.

Due to the lack of information about what exactly occurs during each step of tea production it would
be interesting to go investigate what caffeine content in the leaves is in each stage of production or to
do some in depth report of what is done during production, and which steps vary between brands and
manufacturers.

Also, as fermentation is often suggested to be the stage in which tannins and different oils are meant
to be acted upon by enzymes, it is often assumed that this is the step that affects the caffeine content.
It would be interesting as green tea, from previous research, does not undergo fermentation, is
actually said to have one of the highest caffeine contents of all four types of tea.

If the caffeine is in fact formed due to the presence of tannins, then a worthwhile investigation might
be to see whether the age of the tea leaf - in how long it is left to decompose before it undergoes the
production process — affects the caffeine content, hence showing whether there is a link between
caffeine and tannins.

Finally, more extensive research into each brand, each manufacturer and each type of tea (green,
white, black and oolong) would allow for all steps in more differently produced teas to be assessed.

* pased on various sources — listed in the Bibliography on p.20
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Evaluation

As discussed in the Conclusion on p.17-18, the experiment went well on the whole, with only two
main anomalies — most likely due to where the experimental procedure went wrong, This plays a key
factor in the results — as it does with many results — but particularly as there are many steps, and so
many things may go wrong. Some of the problems that arose are listed below, and the solutions
(either what was done or what should be done in future experiments of this nature):

Problems

Improvements

Tt was not tested whether what was obtained was
caffeine. The product looked white and needle-
like, as expected, but it was not verified.

Would need to test its melting point or solubility
to see if it corresponds to what is expected in
research done.

Tt was difficult to tell whether the caffeine was
fully dissolved by the propan-1-ol —as in some
cases the propan-1-ol that was separated out was
Jess than that put in originally. To make results
fair, little could be done during the experiment to
change this, and this effect was only seen a few
times — and likely have affected the anomalies in
the experiment, as if there was less propan-1-ol
obtained, then it is likely that it follows that less
caffeine was obtained — thereby effecting the
final outcome of the moles of caffeine in the tea.

In future experiments a more effective organic
liquid, such as ethoxyethane'’, could be used to
dissolve the caffeine (however the safety of its
use may have to be determined). One example of
a good way in which to dissolve the caffeine is
liquid carbon dioxide, which is also used in the
commercial decaffeination of drinks, to make
them caffeine free”, however this would need
much more specialised equipment and different
conditions (pressure and temperatures) to be
achieved.

The experiment was long and time consuming —
although what was being done was not
particularly hard, it was not possible to finish one
trial in one day as the distilled propan-1-ol and
propanone had to both be left overnight to
evaporate. Before the final weight of caffeine
could be obtained

Use equipment to help evaporate the organic
liquids used and obtained the caffeine more
efficiently’’ - in National University of Singapore
a complex piece of equipment was used to
evaporate the water and extract the caffeine in
minutes as opposed to days.

There were still impurities when the propan-1-ol
and caffeine mixture were put into the round
bottom flask — due to the free flowing anhydrous
sodium sulphate that was present after having
removed the water. As it was difficult to leave
only this material behind without effecting the
results — some was added into the distillation
process and may have led to the caffeine obtained
not being completely pure

Filter out the sodium sulphate left before the
distillation process, or pour the propan-1-ol off
more efficiently so as to leave the sodium
sulphate and water in the conical flask.

* Chemistry For Advanced Level Third Edition by Ted Lister and Janet Renshaw
2 hemistry For Advanced Level Third Edition by Ted Lister and Janet Renshaw
21 gimilar method to Bristol ChemLab$ method used in their bookiet for National University of Singapore
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Appendix I

Variables —

Independent The type of tea used — in terms of brand and
manufacturer

Dependant The moles of caffeine obtained

Controlled The amount of reactants used in each trial —

will be measured out accurately each time
with appropriate error

The mass of tea leaves used to stew tea and
the length of time the tea is allowed to stew
for — will be measured and time accurately
with appropriate error

What reactants are used, as some may be
more effective than others — use the same
ones throughout and do not vary the
procedure in anyway

-- For good measure, for every different
brand and manufacturer, a minimum of three
repeats will be done. Do the experiment two
or three times beforehand to familiarise with
the techniques to limit any error and to adjust
the experiment where necessary.
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Appendix Il
Apparatus Used -

Beaker
Number; 2 x 10mi+2
4x250ml £ 10

Glass stirring rod
Number: 1

Conical flask
Number: 4 x 250 mi

Suction filter funnel
Number: 1 set

Separating funnel
Number: 1 x 150 ml

Round-bottom flask

Number: 1 x 50 ml
Petri dish ‘
Number: 18

Electric heating mantle and distillation set
Number: 1 of each

{Pasteur) Pipette
Number: 1 x 5ml £ 0.05

Ice bath
Number; 1 bucket filled with ice

Bunsen burner, heat proof mat, tripod, wire gauze and lighter
Number: 1 of each

Filter paper
Number: several sheets, approximately two per trial

Weighing scale
Number: 1 with an error of £ 0.001 g

Clamp stand, boss and clamp
Number: 3 x clamp stand

2 x boss

2 x clamp

Spatula
Number: 3

Measuring cylinder
Number: 2 x 10ml + 1
1x25ml+0.5

Stopwatch
Number: 1

Metal tongs
Number: 1
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- Appendix III
Detailed Methodology —

1 Making the tea solution

1. Boil about 100ml of water in a 250 ml beaker, using a Bunsen burner (with tripod and wire
gauze set up on a heat proof mat)

2. Weigh out 2g of tea leaves into another 250ml beaker.

3. Add 25 ml of boiling water to the tea leaves.

4, Leave for 5 minutes (using a stop watch to time) and stir three times with a glass stirring
rod half way through.

5. Use the suction filter funnel to remove tea leaves, and pour the tea into a clean 250m]
conical flask.

6. Weigh out 8g of sodium chloride into one 10ml beaker.

7. Add to the tea and heat the solution on the Bunsen until it starts to boil.

8. Weigh out 0.5g of calcium hydroxide into another 10ml beaker and add to the tea solution
whilst still hot.

9. Gently place this into an ice bath and leave for about 5 minutes.

10. Once cool, use the suction filter to remove the solid impurities and pour the solution into
a clean 250mi conical flask.

2 Isolating the caffeine

1. Use the solution from 1 to be poured into the separating funnel (set up, attached to the
clamp stand with the boss and clamp).

2. Measure 8ml of propan-1-ol and pour into the separating funnel and place in stopper.
3. Upturn the mixture five times and leave to separate out.

4. Drain off the bottom layer into the original flask, and drain the propan-1-ol into a clean
250ml conical flask.

5. Repeat step 2. But use 5mi of propan-1-ol with the bottom layer from step 4.

6. Repeat step 3. and 4., however the propan-1-ol can be drained into the flask with the
propan-1-ol from the first lot obtained in step 2.

7. Pour the propan-1-ol back into the separating funnel.

8. Measure out 13ml of the 2.5M sodium hydroxide.

9. Add this to the separating funnel and replace the stopper.

10. Upturn the mixture five times and leave to separate out.

11. Drain off the bottom layer into a 250ml conical flask (as a waster product) and drain the
top layer into a clean 250ml conical flask.

3 Purifying the caffeine

1. Add two spatula’s of anhydrous sodium sulphate to the top layer liquid from 2 .

2. Swirl and then leave until the fiquid is clean and the sodium sulphate can be seen to be free
flowing.

3. Set up the electric heating mantle (remembering to fasten it to a clamp stand for safety).

4. Set up for distillation.

5. Pour the clear liquid into a round-bottom flask, and heat with the electric heating mantle.
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6. Distil until there is about 5ml of propan-1-ol left (it is useful to turn off the heating mantle
before there is only 5ml left as the liquid is very hot and will continue to evaporate whilst
waiting for it to cool).

7. Weigh a clean Petri dish (noting its initial mass).

8. Use a 5ml Pasteur pipette to remove exactly 5ml of propan-1-ol and dispense it into the
Petr1 dish.

8. Leave overnight in a fume cupboard.

9. A solid should be seen, add 2ml of propanone to the Petri dish, swirling it, making sure
that all the solid is covered.

10. Leave overnight in a fume cupboard.

11. Weigh the Petri dish (with a white crystalline solid, or caffelne in it) and note its final
mass.
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Appendix IV
Safety Procedures —

Apparatus

Pdssible hazards

How to reduce the risks

Beakers, test tube, Petri
dishes, Pasteur pipette, glass
stirring rod, suction funnel,

conical flask, round bottom -

flask, separating funnel

Glassware: may break. Also
some is being heated so very
hot and could burn

Take care using the
equipment and if anything
breaks: clear it up quickly.

Also, if burnt, wash skin
under cool water

Hot plate, kettle, boiling
water

May burn or scald

Take care when using and
wash skin under water if
burnt or scalded

Bunsen burner

Open flame: may burn

Tie hair, wear goggles and
take care. Wash skin under
water if burnt

2.5M sodium hydroxide C .
g’ orrosive
solution
Anhydrous sodium sulphate Harmful
P Highly flammable, irritant to
ropanone
eyes
Propan-1-ol Highly flammable, eye
hazard
Calcium hydroxide Eye hazard

PRODUCT: Caffeine

Can be fatal if inhaled,
swallowed or absorbed
through skin

Take care: wear goggles and
tie hair. No flames near the
propanone and propan-1-ol.
Wear gloves when using the
2.5M sodium hydroxide
solution. Caffeine should be
kept in the fume cupboard
and there should be limited
handling.
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Appendix VII

Sample Calculation —

The following calculations use values from the Ceylon brand tea by the Ahmad™ manufacturer.

)

2)

3)

4

Final mass of Petri dish — initial mass of Petri dish
=74.014g ~ 73.949¢
= (.065¢g = 0.002

Error = error in final mass + error in initial mass
=4(0.001g + 0.001g)
=£(.002g

Average mass of caffeine per two grams of tea in grams
. toral meas of trials
- wumbpr of trigls
_ 0£88g+0637g
2

= 0.693g + 0.002

the first value for Trial I that should have been included, was disregarded as it was foo inaccurate

total srror of tricls

Error =

nwmber of trigls

_ {D.00zg+0602y
- d:( 2 }
=+0.002¢g

Average mass of caffeine per two grams of tea in milligrams
= gverage mass in grams x 100

= (.693g x 100

=69.3mg + 0.2

Error = error in g x 100
= +(0.002g x 100)
= +0.2mg

Average mass of caffeine per gram in grams
. ausvegs medsd of cof feine oy owo groms (0 grams
Z

_a.93g
Z

= 0.347g + 0.001

srrov in quernge mess of vaf Feine ger twe grams in groms
2

Brror=

T.002
=+{*79)

=+0.001g
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5) Average moles of caffeine per gram of tea

__ muerags medy of caffains par gram

moter mwaas of cef feine
- 48479
fexi12)+ (X 1)+ (4 x4+ (2X16)

= 0.001789 moles + 0.000005

Error = +(percentage error in average mass of caffeine per gram x average moles of caffeine per gram of tea)

- i(mi"ié X 10{3) x 0.001789 moles
2.347g

=+ ().000005 moles
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