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Introduction:
Tea leaves are composed of polyphenols, tannins, and caffeine, as well as plant material such as cellulose and chlorophyll. When tea is added to hot water, the polyphenols and caffeine are dissolved, creating the brown liquid that we drink. Caffeine (1,3,7-trimethylxanthine) is an organic compound called an alkaloid, and is a stimulant for the nervous system. There is about 30-75 mg of caffeine per 250 mL in black tea. 
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Figure 1-Caffeine structure

It is often of interest for chemists to extract natural products from plant or animal sources, an example being the industrial decaffeination of tea or coffee. Caffeine can be extracted from tea using an organic solvent like dichloromethane. The caffeine will dissolve in the dichloromethane while the polyphenols will remain in the aqueous solution, as they are weakly acidic.
The goal of this experiment is to extract and purify caffeine from tea leaves, and explore the methods used to do so. Firstly, the extraction is done by adding sodium carbonate to ensure the polyphenols stay in the aqueous solution, and then adding dichloromethane to dissolve the caffeine. Extraction makes use of the differences in the polarities of the compounds which are being separated by using two immiscible solvents. The ionic or very polar organic compounds are able to dissolve in the aqueous solvent, while the other organic compounds will dissolve in the organic phase. The two layers are then separated, and the desired product isolated for purification. In this experiment, sublimation is used to purify the caffeine sample. This is accomplished using a “cold finger”, which is a test tube filled with ice in a side arm flask which contains the crude caffeine product. Once the flask is heated, the crude caffeine should vapourize and then condense on the surface of the cold finger as fine crystals. The purity of the caffeine sample will then be verified using TLC analysis, where impurities in the sample will be seen as spots with different Rf values on the TLC plate. This is due to the fact that the distance a compound moves along the plate is determined by its polarity. Purity will finally be assessed by observing the melting point range of the recrystallized caffeine sample, which should read very close to literature values if the sample is pure. Impurities will lower the melting point of the sample, as well as broaden the range.

Part A: Extraction and Recrystallization of Caffeine from Black Tea
Table 1: Reagents and Solvents
	Compound
	Quantity

	Water
	60 mL

	Tea leaves
	6.58g

	Na2CO3
	2.0 g

	Dichloromethane
	15 mL

	Na2SO4
	A “scoop”

	99:1 Acetone: acetic acid
	10 mL



Experimental Procedure:
Refer to CHM2123 lab manual pages 28-30.
Modifications: step 9 was omitted, as no emulsion was still present.

Observations and Results:

Table 2: Observations
	Key step
	Observations

	Addition of tea bags to boiling water
	Liquid turned brown

	Addition of Na2CO3 to the steeped tea
	No change in colour or odour

	Addition of dichloromethane to separatory funnel
	-The top (brown) layer is the aqueous layer
-the bottom (clear/yellow) is the organic layer

	Addition of Na2SO4 to organic phase
	Removes the brown spots floating in the liquid and leaves a clearer looking liquid

	Steam bath used to boil solvent
	White solid forms at the bottom of flask

	Sublimation using “cold finger”
	Crude caffeine disappears from bottom of flask and sublimes onto test tube, then recrystallizes to form a white crystal on the outside of the test tube



Table 3: Results
	compound
	Appearance 
	Mass (g)
	Yield (%)
	Experimental melting point (⁰C)
	Literature melting point (⁰C)

	Recrystallized caffeine
	White crystals
	0.03
	11.4
	235-239
	236-239


*all results were taken from Gus Ilacqua (8173601) and Peter Nguyen (8187204), as our caffeine product did not recrystallize.
Calculations:
Theoretical quantity= (mass of tea leaves)(percent weight of caffeine)
		        =(6.58)(0.04)
		        =0.2632g
Percent yield:

	=0.03g/0.2632g *100
	=11.4%

TLC plates:
Eluent: 99:1 acetone: acetic acid
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C: crude caffeine
R: recrystallized caffeine
A: authentic caffeine sample
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Table 4: Table of Rf values for TLC
	Compound
	Rf value

	Crude caffeine
	0.51

	Recrystallized caffeine mixture 
	0.51

	Authentic caffeine sample
	0.51



Discussion:
	The goal of this experiment was to extract and purify caffeine from tea leaves. The tea bags were added to hot water to dissolve the caffeine and polyphenols, while leaving the cellulose and other plants materials behind. Sodium carbonate was then added to the steeped tea to ensure that the tannins remain in the aqueous layer in the subsequent extraction. The sodium carbonate acts as a base, converting the tannins into their sodium salts, which are not soluble in organic solvents such as dichloromethane due to their ionic nature. This allows for purer caffeine to be extracted. An extraction with dichloromethane was then performed. The top layer contained the aqueous phase with the tannin salts and water. The bottom layer contained the organic phase with the dissolved caffeine. This is because caffeine is a nonpolar organic molecule, and therefore is not water soluble; however, the tannin salts are charged and are able to dissolve in the aqueous layer. Some emulsions were present, which indicates that the mixture may have been shaken too vigorously. However, the use of brine was not needed, as the emulsions went away after another 10 mL of dichloromethane was added. After a couple of extractions with dichloromethane, drawing off the organic layer into a flask each time, sodium sulfate was added to the organic phase. Sodium sulfate is a drying agent and therefore removed any trace amounts of water that could have been left in the organic phase by binding to water and forming clumps when they react. This created hydrated salts that formed at the bottom of the flask, which were then removed via gravity filtration. The organic phase should have then contained only caffeine and the solvent dichloromethane. The dichloromethane was then evaporated using a steam bath. The crude caffeine product that was left was massed at 0.11g. The next step of the purification process was sublimation using a “cold finger”. As the flask containing the crude caffeine was heated, the caffeine sublimed onto the surface of the cold finger, disappearing from the bottom of the flask. When we tried to scrape the recrystallized caffeine off of the cold finger, it only melted and disappeared, leading us to believe that there was too much condensation on the outside of the cold finger tube for the caffeine to recrystallize. Our group therefore did not get any results for our purified caffeine crystals, hence why we used another group’s data. This error could have resulted from not having enough crude caffeine product for quantitative results for sublimation. The dry ice may also have been too cold to use in the cold finger, as too much condensation was created on the outside of the test tube. The group whose data we used got a large amount of recrystallized caffeine product, which was massed at 0.03 grams.
	The yield of the recrystallized caffeine product was 11.4%. This indicates a large loss of caffeine product. The low yield could be due to a loss in caffeine during the extraction. Some caffeine could have remained in the aqueous phase and not been collected with the organic phases. Further extraction of the aqueous phase could have provided a higher yield. A loss of product could also have resulted from the changing of flasks and beakers. It was very difficult to scrape the crude caffeine product from the bottom of the Erlenmeyer flask after evaporation of the dichloromethane, and some remained stuck to the flask. Similarly, it was difficult to remove all the recrystallized product from the cold finger apparatus.
	The TLC analysis compared the recrystallized caffeine, the crude caffeine product, and an authentic caffeine sample. The Rf values for this TLC were all 0.51, indicating that all the samples had the same relative polarity. The TLC analysis therefore demonstrates that the extraction was successful and that the only compound remaining in each solution was caffeine, since no additional spots were observed in any of the lanes. The purity of the sample was also verified by taking the melting point of the recrystallized caffeine. The experimental melting point range was 235-239⁰C. This is very close to the literature range, which is 236-239⁰C. Since the experimental melting point range is slightly broader and lower, there is a possibility of some kind of impurity in the recovered crystals of caffeine. In short, it can be said that although the caffeine yield was low, the product was pure.

Questions:
1. How does a NaCl solution function to remedy an emulsion?
An emulsion is a dispersion of one liquid suspended in a second immiscible liquid. To break the emulsion chemically, a NaCl solution called brine can be added. The addition of salt increases the polarity of the aqueous layer because the salt dissolves into the aqueous phase. This makes the water even less likely to dissolve unpolar compounds, driving them into the organic layer. It increases separation of the phases by disrupting emulsions and therefore increases the yield of the substance to be extracted.

2. Supposing that the goal of Part A was to isolate catechin instead, describe how you could isolate this polyphenol from brewed tea using a liquid-liquid extraction to obtain the crude product.
Catechin is a tannin (polyphenol) released from tea leaves. In order to isolate it, sodium carbonate should still be added to convert the tannin into a sodium salt and thus ensuring it remain in the aqueous layer when an organic solvent such as dichloromethane is added. The aqueous phase could then be re-extracted using an aqueous solution in order to remove all the organic phase. The NaCl and the sodium sulfate should not be added since they remove water and compounds that dissolve in water.







4. [bookmark: _GoBack]Why only a pencil is used to mark a TLC plate, instead of a pen?

A pencil is used instead of pen because pencils are made from graphite, which is a compound that does not dissolve in many solvents. It will therefore not move with the mobile phase. The inks in pens however, are made from a variety of organic compounds and may dissolve into and run with the solvent. It would be difficult in TLC analysis to distinguish an ink spot on the TLC plate from a spot from the compound under analysis.
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