Caffeine Extraction from Red Bull

Chemistry Student




What is caffeine?

= Caffeine (C4H,,N,O,) is a chemical compound

O / found naturally in many plants that can also be
~_ N synthetically produced (man-made).
N .
‘ /> = |t is widely used as a central nervous system
)\ (CNS) stimulant, as we all know, and it allows us
O ITI N

to remain awake by competing with a molecule
that has a similar shape and promotes
sleepiness called adenosine.



The steps leading to the experiment

= When presented with the Extraction of Caffeine experiment, |
decided to take a different route while choosing my caffeine source.
Instead of picking between coffee and tea, | decided to extract
caffeine from an energy drink (Red Bull).

= After carefully searching the web for an experiment guideline, | could
only find one (1% red flag)

= | approached Meaghan and Kat to discuss the experiment, even
though we didn’t have the exact materials necessary for it, we could
make it happen with what was available to us in the lab. Meaghan
and Kat themselves tried to reproduce the experiment before | did
and told me that it took very long for the filtration process and
suggested different routes. (Thank you, Meaghan and Kat!) (2" red
flag)
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The Experiment - 15t Step

*Set up Solid Phase Extraction Column, used
to separate the caffeine from the sample.*

*Run Sample (100ml of Red Bull) through SPE
column*

How does the separation occur?

The filter used in the SPE column is alumina
or/and silica powder (nonpolar compounds)
doesn’t interact with highly polar compounds,
such as the taurine and vitamins found in the
Red Bull, retaining only the less polar
compound: caffeine.

The vacuum you see in the picture is used to
speed up the filtration of the sample.




The Experiment - 2"9 Step

* After allowing the sample to run completely
through the SPE column, | added 10ml of Ethyl
Acetate to pull the nonpolar compound retained by
the filter*

* Breakdown column and keep ethyl acetate mixture
for further experimentation*

How does the Ethyl Acetate work?

Ethyl Acetate (C4HgO3) is a nonpolar compound
that can be used as a solvent for other nonpolar or
less polar compounds. By washing out the column
with EtOAc, the caffeine that was trapped can be
released from the filter.
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The Experiment- 3™ Step

*Dry out Ethyl Acetate and water

remaining from mixture with Sodium + O_ +
Sulfate* N a ‘ N a
*Filter out dried Ethyl Acetate from O S O
mixture* ‘

How does the Sodium Sulfate O

dry out a solution?

Sodium Sulfate (Na,SO,) is a very polar
component and will be highly attracted
to any water available, removing it from
the mixture. It also interacts with Ethyl
Acetate and pulls it from the mixture as
well.




The Experiment- 4" and Final Step

*Evaporate remaining Ethyl Acetate from mixture i OO
containing the dissolved caffeine on a hot plate* g T N W

¥ osF I e |
*Collect dried out caffeine and test purity using g | 1]
Infrared Spectroscopy (IR) and Thin Layer 5 O6f .
Chromatography (TLC)* % ol

= [
What is IR? What is TLC? = paf |
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IR is a method used to identify substances by the o T o o
interaction they have with the Infrared wavelength. MIST Chemistry WebBaook (hitps://webbook nist. gov/chemisty)

Thin Layer Chromatography (TLC)

Molecules absorb specific frequencies that are
characteristic of their structure.

A solvent
. fron
TLC IS an affinity-based method used to separate B, A
compounds in a mixture or to test the purity of ece
them. The affinity in question is the polarity of the sample | rtine] T ®
spots starting
Compounds line \| @A @
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The Reality of My Experiment

-> As Kat and Meaghan warned me, the
filtration of the Red Bull, in fact, took forever!
(Almost 3h to filtrate not even 80mLs of the
sample)

-> According to my calculations, in the 80mLs
that | could barely filtrate through the SPE

column there were only 25mg (0.025g) of e
caffeine. If we take in consideration the % loss & iy
of product | wouldn’t be able to get a |
substantial amount of the substance to test it.

-> After finishing the filtration with not
enough time for the rest of the experiment, |
had to rush through the ethyl acetate and
sodium sulfate processes, which cooperated
with the somewhat failure of the experiment.
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