Experiment 1: Separation and Purification of Caffeine from Black Tea
















































Lab Section 3B
TA: Daniela Marquez



Introduction 

This laboratory experiment involves the extraction and recrystallization of caffeine from black tea. Extraction, thin layer chromatography (TLC), and sublimation are used isolate, identify, and purify the product, caffeine. 

As black tea results from the oxidation of polyphenols during fermentation, these polyphenols along with the caffeine present in tea, dissolve in boiling water. Two immiscible solvents are used to separate out the organic compounds. In this reaction, sodium carbonate (Na2CO3), and dichloromethane (CH2Cl2) are used. Compounds that are ionic, soluble in water, and polar will end up in the aqueous phase while the opposite will be in the organic phase. These two layers are isolated through the use of a separatory funnel. 

Once the organic layer has been obtained, it is reacted with the drying agent Na2SO4, creating an ionic salt through it’s acid base properties. The salt is filtered using gravity filtration; the product now obtained. Purification takes place through sublimation. Sublimation is the process by which a material will undergo the transition from solid to vapour without melting. Dry ice, along with a cold finger is used to accomplish this. A cold finger, or test tube filled with dry ice sits atop a side arm flask containing the isolated product. The molecules will vaporize and condense creating fine crystals that are then dried using a suction. The target substance is pure and can now be analyzed using TLC. TLC takes place on a polar silica gel developed in a solution of 99:1 acetone: acetic acid. If a spotted compound is polar, it will react with the silica gel and will move slowly up the plate; the opposite is true for non-polar substances. The TLC will give an indication of the purity and progress of the reaction. 

As a final test of purity, the boiling point will be tested and compared to a known boiling point for the compound, caffeine.  The goal of the experiment is to isolate, and crystalize the purest from of caffeine from brewed black tea.

Table of Reagents 

	Reactant/Solvent
	Molar Mass (g/mol)
	Quantity
	Density
(g/cm2)
	# of moles 
	#of equivalents 

	Na2CO3
Sodium carbonate 
	
105.98
	
2.0g
	
2.54
	
0.018
	
0.018

	CH2Cl2
Dichloromethane

	
84.93
	
47mL
	
1.33
	
0.553
	
0.553

	Na2SO4
Sodium sulfate

	
142.04
	
~1.0g
	
2.66
	
0.00704
	
0.067

	C3H6O
Acetone (99)

	
58.08
	
10mL
	
971 Kg/m3
	
0.085 
	
N/A

	CH3COOH
Acetic Acid (1)

	
60.05
	
“
	
1.05
	
0.085
	
N/A



Experimental Procedure 

Refer to CHM2123 Lab Manual, 2016, University of Ottawa: pages 21-33

Modifications 
· Part B was not included as a part of this experiment, procedure applicable only for Part A 
· There was no emulsion present. Step 8 and 9 disregarded.
· TA determined the quantity of Na2SO4 added in step 12, estimated roughly 1g added. 
· Prior to weighing the crude product in step 16, a watch glass was weighed and crude product was scraped onto the glass. Watch glass with crude product then weighed. 
· Sublimation not completed, step 26-27, caffeine crystals not isolated and melting point not measured. Vacuum reversed and crystals dissolved.

Observations and Results 

Observations 

	Step
	Observation

	2
	With addition of tea bags, water became a deep orange/dark brown 

	4
	Addition of Na2CO3 caused colour change to very dark brown. Bitter/rotten aroma

	5
	Addition of dichloromethane into separatory funnel caused two layers to form, one translucent and slightly yellow in colour, the other very deep brown

	8
	No emulsions present 

	10
	When extracting organic phase, small beads of aqueous phase remain suspended throughout even after waiting 

	10
	Second addition of dichloromethane caused prominent phases to emerge again but took longer 

	10
	On third addition of dichloromethane, period of venting with pressure release was longer

	12
	Addition of Na2SO4 at first showed no change in organic phase, after multiple additions, large crystalline salts began to form a pile at the bottom of the flask 

	25
	Vacuum was shut of incorrectly, caffeine crystals on cold finger dissolved. Sublimation incomplete. 

	27
	Melting point not determined experimentally due to loss of product 





Results

Extraction and recrystallization: obtained experimentally 
· Mass of 2 tea bags: 6.55g 
· Mass of Na2CO3: 2.01g 
· Watch glass mass: 46.16g
· Mass of recrystallized caffeine + mass of watch glass: 46.02g 
· Mass of recrystallized caffeine: 0.04g

Sublimation: data given 
· Mass of watch glass: 36.23g
· Mass of watch glass + sublimation caffeine crystals: 36.28g
· Mass of sublimed caffeine: 0.05g

Recrystallized TLC Rf: obtained experimentally 
· Solvent distance: 4.9cm
· Crude distance: 2.3cm
· Recrystallized distance: 1.9cm
· Caffeine sandtard distance: 1.9cm

Recrystallized TLC Rf: data given 
· Solvent distance: 4.9cm
· Crude distance: 2.1cm
· Recrystallized distance: 2.2cm
· Caffeine sandtard distance: 2.3cm

Sublimation TLCs Rf: data given 
· Solvent distance: 4.7cm
· Crude distance: 2.0cm
· Recrystallized distance: 2.1cm
· Caffeine standard distance: 2.2cm





Percentage yield of caffeine 

% yield =   x 100% =  x 100% = 0.18 %





TLC Plates

Extraction and recrystallization                Extraction and recrystallization        	            Sublimation
	Experimental				 Given Data			             Given Data 
  
				

										

      Rf=0.47                                                  Rf=0.43          Rf=0.47		                        Rf=0.47	
                       Rf=0.39								             Rf=0.45
                                                                                  Rf=0.45
                                                                           					      Rf=0.43                                                    



     Solvent distance: 4.9cm	                   Solvent distance: 4.9cm	              Solvent distance: 4.7cm

Solvent system is 99:1 Acetone: Acetic acid for all plates
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The caffeine and polyphenols of the black tea were dissolved in the water when the tea bags were boiled at the beginning of the reaction. The addition of the first solvent, Na2CO3 caused the polyphenols to be drawn out of the homogenous mixture with dichloromethane. Because Na2CO3 is a strong basic salt, its conjugate acid is very weak, like the polyphenols. Since like dissolves like, Na2CO3 was also able to dissolve the polyphenols and both, being soluble in water, created somewhat of an aqueous phase. The colour change from a darker organ/brown to a very dark brown when the Na2CO3 was added is proof of this. Since polyphenols make up significantly more of the tea leaf component than caffeine, drawing them out of solution would have caused the odour that occurred with the colour change in this step. 

After placing the mixture into a separatory funnel, dichloromethane was added, and two prominent phases formed very quickly. Dichloromethane is a strong acid, like caffeine, and therefore causes caffeine to be drawn out of solution and emulsify with dichloromethane. The caffeine and dichloromethane compose the organic top layer, and the water, Na2CO3, and polyphenols compose the aqueous bottom layer. Three extractions were performed, each with an addition of 10mL of dichloromethane. Frequent ventilation was required as the reaction was volatile and the gaseous by-products created pressure in the separatory flask. The second extraction took longer to separate, most likely due to the fact that aqueous portions still remained suspended in the organic layer following the first extraction. These took longer to separate because the most available reactants had already proceeded to completion within their prospective reactions. Surprisingly, the third extraction required the most ventilations. This may have been caused by a buildup of residual pressures from previous ventilations. The reaction was determined to have been completed when a ventilation no longer had an audible release of pressure. Following completion, the separatory flask was left untouched without stopper to allow the phases to completely separate, roughly 3-5 minutes each time. Emulsification did not occur throughout any portion of the extraction, meaning the only source of error here would be the inability to remove all of the organic phase from the separatory flask. Some organic material could have remained suspended in the aqueous phase as well. 

As the organic phase is still liquid and caffeine remains in solution, a drying agent is needed to separate the caffeine from the liquid state. The addition of the drying agent caused a crystalline salt to form at the bottom of the flask. The drying agent, sodium sulfate is a neutral salt and removes trace amounts of water present in the organic phase. The hydrated salt in the beaker is a result of neutral salt, and neutral water separating from the acidic caffeine. The amount of sodium sulfate to do this is dependent on the amount of organic phase present in the beaker. The more organic phase, the more drying agent. The solid at the bottom of the beaker is the caffeine to be gravity filtered. Once filtration has been completed, the remaining white powder is the recrystallized caffeine. A small portion of this is set aside for TLC analysis. 

For the sublimation portion of the lab, a cold finger is used to purify the isolated caffeine. The cold finger allows the product to go from the solid to vapour phase without melting. As this happens quickly, the cold finger, or test tube filled with dry ice, was constantly being refilled to ensure temperature was maintained. The vapour, and pure caffeine then crystalizes on the outer portion of the test tube. A vacuum also facilitates this, drawing out impurities. At the point of which the vacuum was to be turned off, and the final product obtained, the vacuum was reversed and water flooded the flask containing the product. The product dissolved instantly and a final product weight was not obtained. 

The TLC results for the first portion, extraction and recrystallization, showed that our experimental crude spot, with Rf of 0.47, was an exact match to that of the experimental standard for caffeine given. In our experimentally obtained TLC, there was some streaking on the standard caffeine spot, indicating the capillary used may have been contaminated. The Rf of the recrystallized sample obtained was close as well, to the known given commercial value, but not as close. Interestingly, the recrystallized spot was very similar in value to the commercial spot on the experimental plate. There is a possibility that the same capillary was used for the both spots causing the same impurities to show through. The sublimation TLC represented was data provided, as non was obtained experimentally. Given the Rf values, the crude, recrystallized, and commercial caffeine spots are all very similar in value. When comparing the Rfs from both the recrystallization and sublimation, the Rf values are very close to the commercial caffeine spot. This suggests the reaction has been completed, that there are minimal impurities in the sample, and that the caffeine obtained is almost exactly pure. 

The final measure of purity, is to determine the melting point of the final product. As mentioned, the final product was dissolved when attempting the removal of the vacuum, and thus no value can be presented experimentally. The given data states that there was 0.05g of caffeine obtained in sublimation, which is 0.01g more than the recrystallization. The known melting point of caffeine is 238 C0. The melting point of the obtained final product is determined in lab using a melting point apparatus. The sample is loaded into the capillary tube, which is then deposited into the machine and turned on. The compound is viewed through a magnifying glass where melting points have begun and ended. The obtained value would then be compared to the commercial value, and purity could be more accurately known. 

Questions 

1. How does a NaCl solution function to remedy an emulsion?

NaCl remedies an emulsion in that it increases the ionic strength of the aqueous layer. In an emulsion the droplets of the layers have become stuck together. By strengthening the aqueous later, it has the strength to separate out of the organic layer.

2. Supposing that the goal of Part A was to isolate the catechin instead, describe how you would isolate this polyphenol from brewed tea using a liquid-liquid extraction to obtain the crude product 

If the catechin was to be isolated instead, dichloromethane and Na2CO3 could be used once again as the immiscible solvents for filtration. The catechin would be in the aqueous layer in the separatory flask and would be on the bottom of the two layers. With multiple additions of dichloromethane, as in this experiment the bottom aqueous layer could be extracted multiple times to increase the product obtained. Since catechin is a weak acid, the drying agent would need to be either a strong acid or weak base. Once drying separated out the catechin, it could be isolated and filtered. 
 
3. Using a flow chart and reactive extraction, explain how you would isolate naphthalene, benzoic acid, aniline and 2-napthol from a solution of dichloromethane containing all three?

For the above, one would have to use two immiscible solvents; dichloromethane is one, the other would have to be something that is immiscible in dichloromethane and also has the ability to dissolve naphthalene, benzoic acid, aniline and 2-napthol. Since alcohols are soluble in dichloromethane, and naphthalene is soluble in water, this would be difficult. Using reactive extraction would be to use an acid or a base reaction to separate them out. Unsure how to proceed. 

4. Why only a pencil is used to mark a TLC plate, instead of pen?

If you were to use pen to mark the spotting etc. before developing, once in the solvent, the ink would travel up the TLC plate along with the along with the sample. It would be difficult to visualize the samples with ink becoming a sample itself.
