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Black tea contains around 30-75 mg of caffeine per 250ml. This caffeine can be extracted from the tea leaves by extraction, a technique used to separate compounds in a mixture using two solvents which do not create a homogenous mixture. The compounds while end up being soluble in one mixture while not the other, allowing for two phases (or layers) to form; an aqueous phase and an organic phase. Compounds which are soluble in water will be in the aqueous layer. The purpose of this experiment is to extract caffeine from black tea, and then to obtain a refined product through sublimation, a technique which purifies the crude product by making the material go from a solid to a gas phase without passing through a liquid state. Caffeine has a high melting point of 238˚C, and it’ll be isolated from other substances that do not vaporize as readily, then it will condense on a cold finger from which purified caffeine can be scrapped off. 
After boiling black tea in water, both caffeine and tannins are found in the water, tannins can be made soluble in water by adding Na2CO3 and converting them to phenolic anions. 
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Addition of dichloromethane will create an organic layer where caffeine (which is soluble in dichloromethane) will be found. 
The two layers can be separated; a drying agent will be added to the organic layer getting rid of the water and then put in a steam bath where dichloromethane will be evaporated. The crude caffeine while be put through sublimation and a refined product will be obtained. We will then analyze the purity of our crude caffeine and refined caffeine with authentic caffeine by putting samples of each on TLC plates. 

Mechanisms
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Table of reagents and solvents 
	Compound
	Mol.Mass (g/mol)
	Quantity 
	Density (g/ml)
	Mmol
	Equivalents 

	Caffeine
	194.19
	0.256g
	1.23 
	1.318
	1

	CH2Cl2
	84.93
	25ml
	1.33 
	391.49
	297

	H2O 
	18.015
	60ml
	1
	3330.6
	2527

	Catechin 
	290.27 
	
	
	
	




Experimental procedures

For a detailed experimental procedure of part A of experiment 1 refer to University of Ottawa CHM2123 lab manual pages 28 to 30 (stop at part B because it was not performed) 

Observations
	Key Step 
	Observation

	Addition of Na2CO3 to boiled and cooled tea 
	Solution stays the same brown color

	Adding Cl2CH2 to solution of tea and Na2CO3 in separatory funnel and then shaking and venting it 
	Two different visible layers form; the aqueous layer with is on top and is a brown colour as well as the organic layer which is yellowish and is on the bottom,  emulsions present between layers 

	Putting more Cl2CH2 in organic phase and emulsion
	Clearer organic phase and a small aqueous later on top, with a few emulsions still left 

	Adding NaCl 
	Fewer emulsions, organic layer very clear 

	Addition of Na2SO4 to extracted organic layer  in beaker 
	White clumps form at the bottom of the beaker (hydrated salt) 

	Putting filtered organic solution in steam bath
	White powder (the caffeine) forms; very little powder, just enough to cover bottom of 50 ml beaker 

	Sublimation and scraping product off cold finger onto watch glass 
	Traces of water as well as white powder (even less) on watch glass- the refined caffeine product, water can be explained by the water in moisture that condensed as ice on cold finger during sublimation 



Results 
	Compound
	Mol. Mass (g/mol)
	Quantity (g)
	Mmol
	Yield (%)
	Melting point

	Caffeine
	194.19
	0.008g
	0.3914
	3.1%
	238˚C



Calculations
Mass of two tea bags with tea=6.64
Mass of tea=mass of tea bags with tea –bags
	       =6.64 – 2(0.12)
	       =6.40g
We consider that 4% of the tea is caffeine: 4% of 6.40g= 0.256g 
Starting product is 0.256g 





TLC plates 


















Flow diagram 
(after tea has been boiled and cooled) 
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					1st:Add Na2CO3	
					2nd:Add Cl2CH2


											
Org. phase                          emulsion(aq. phase in org. phase)			aq. phase 
			   (repeat addition of Cl2CH2 to org. phase and emulsion 
			   to continue extraction two more times) 
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Cl2CH2       H2O
		       Add NaCl 

Org. phase
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		Add scoop of Na2SO4 (drying agent) 
		and filtering solution (gravity filter) 
[image: ]Cl2CH2              Steam bath () to evaporate Cl2CH3              [image: ]Final crude caffeine product 

Discussion 
 The goal of this experiment was to obtain a refined product of caffeine by first extracting it from tea leaves and then purifying it through sublimation. The tea was boiled and then cooled which allowed caffeine and tannins to separate in the water. Adding Na2CO3 converted the tannins into anions which became soluble in water, and adding Cl2CH2 was the organic solvent in which caffeine was soluble in. 
When we put the entire solution into a separatory funnel emulsions formed in the organic layer; emulsions are droplets of one phase in another, in our case it was droplets of the organic phase in the aqueous phase. After washing the solution with more Cl2CH2 there was still some emulsions present, so we added brine, which caused the ionic strength in the aqueous phase to increase (since it would break up into Na+ and Cl- ions) and thus “pushing” the organic drops into the organic layer by decreasing its solubility in the salty water. When we removed as much of the organic phase as possible we added Na2SO4 as a drying agent, removing the water from the solution (the water in which we boiled the tea in the first place). The drying agent caused clumps of hydrated salt to form at the bottom of the beaker so we put the solution through a gravity filter. Afterwards we put the beaker with the solution into a steam bath which causes dichloromethane to evaporate. 
To further purify our crude product, we used the technique of sublimation, in which the crude caffeine went from the solid state to the gas phase without passing through the liquid state and then to a solid state again by condensing on the cold finger. This refined product was then scraped onto a watch glass on which we found drops of water; this was water from the moisture in the air which condensed as ice on the cold finger. This was also a reason why we did not take the melting point of the product; there wasn’t enough dry product since the water got in with the little refined caffeine we did obtain. Plus, melting point is not the best and most precise way to chemically analyze and characterize compounds, instead we usually use TLC plates or spectroscopy techniques (e.g. IR spectroscopy). 
After sublimation we obtained 0.008g of the refined product which gave us a yield of about 3.1%. 
Our TLC plates showed us that our refined caffeine did have pure caffeine in it because it travelled up the TLC plate just as much as the authentic caffeine sample; both had an Rf value of 0.47. However, the crude caffeine sample was not pure since it had an Rf value of 0.89. This means that there must’ve been a compound that was not very polar in that sample (since less polar compounds travel fast on the polar TLC plate). There was also another mark on the refined caffeine lane, which means there was another compound in the sample, since the mark is higher than the caffeine mark it must have been a compound less polar than caffeine. This means that the impurity could not have been a tannin, since they are more polar than caffeine and would’ve travelled less than caffeine on the TLC plate.  








Questions 

1. How does a NaCl solution function to remedy an emulsion?
NaCl increases the amount on ions in the aqueous layer which makes the organic compound even more insoluble in the aqueous layer, forcing the organic phase to go into the organic layer and out of the aqueous phase; it “salts” the organic out. 

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. 
If it was catechin that we had to remove in this lab, I would use the fact that catechin is more polar than caffeine to separate the two. I would use a polar solvent such a water and a non-polar solvent like chloroform; the catechins which are more polar would dissolve in the water while the caffeine and other non-polar compounds will stay in the chloroform solvent.

3. Why only a pencil is used to mark at TLC plate, instead of a pen?
A pen has ink which can have similar properties to tannins; if we use a pen the purified samples could get contaminated as well as we would have marks that are not from real samples on the TLC plate. 
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