
Experiment 1: Separation and purification of natural products
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Introduction:

	The overall goal of this experiment is to apply the appropriate techniques necessary to isolate and purify caffeine, extracted from a strong cup of tea using dichloromethane. Through proper execution caffeine will be able to be isolated and purified using: extraction, sublimation and thin layer chromatography (TLC). The importance of properly applying and executing these techniques is to characterize a given compound (in this case caffeine) to be further used in subsequent reactions and to avoid contaminants. 
	Tea leaves are composed of several components including polyphenols and caffeine. Caffeine is an alkaloid, a naturally occurring compound that contains nitrogen and has properties of an organic amine base. When the tea is boiled, the polyphenols and caffeine components are dissolved (other tannins remain insoluble). The technique of extraction separates compounds based on their solubility in two immiscible solvents (water and dichloromethane). Caffeine unlike polyphenol is soluble in dichloromethane, thus can be isolated through an extraction (of the organic phase). With the addition of a drying agent such as Na2SO4 to the organic phase, ionic salts will precipitate out (undesirable substances that were soluble in the aqueous phase) and can be removed through gravity filtration. Secondly, the organic layer is boiled to produce crude caffeine, a material that can be purified through sublimation. Through the process of sublimation, the crude caffeine is heated and transitions from the solid phase directly to a vapour, then condenses onto a cold finger apparatus filled with dry ice. The obtained product is recrystallized caffeine which will be used in comparison with the crude product and authentic caffeine to see the presence of any impurities. The technique of TLC separates components according to their polarity and based on their affinity for the mobile or stationary phase. Each substance in comparison (crude caffeine, authentic caffeine and recrystallized caffeine) will be dissolved in dichloromethane, spotted onto a TLC plate and developed in 99:1 acetone:acetic acid.  The mobile phase will move up the plate using capillary action, pulling along any components that are not bonded/interacting with the stationary phase. Using a UV light, the location of the components with reference to a solvent front can be determine enabling the calculation of Rf values. It may difficult to identify the presence of impurities through the TLC results, so the melting point for the recrystallized caffeine will be determined. As in most other experiments, this process will not give a 100% yield due to the loss of product in steps, insufficient extraction and other limitation that will discussed later on. Instead, through the analysis of the results obtained a reflection of the efficiency and accuracy of the overall procedure can be made. 

Experimental Procedure:

Refer to CHM 2321 Lab manual, page 28 – 31 for experimental procedure. Steps 8 and 9 were used as an emulsion was present. 








Results and Observations:

Table 1: Table of reagents and solvents
	Compound
	Molecular Weight (g/mol)
	Density (g/mol)
	Amount

	Caffeine
	194.19
	-
	Crude: 0.0400 g

	
	
	
	Recrystallized: 0.0100 g

	Dichloromethane
	84.93
	1.33
	25 mL

	Na2CO3
	105.98
	-
	2.0 g

	Na2SO4
	142.04
	-
	0.85 g



Table 2: Results of Part A
	Compound
	Result

	Mass of two tea bags
	6.60 g

	Mass of empty tea bag
	0.120 g

	Calculated mass of tea in two tea bags
	6.36 g

	Mass of crude caffeine obtained
	0.0400 g

	Calculated mass of recrystallized caffeine
	0.0100 g

	Sublimated caffeine melting point
	224.0 oC

	Actual melting point of caffeine
	238oC

	Percent yield
	3.94%



Calculations

Theoretical mass of caffeine:
Assume tea contains 4% caffeine by weight
= (Mass of tea in two bags) x (percent of caffeine by weight) 
= (6.36 g) x (0.04) 
= 0.2544 g

Percent yield of caffeine:
	=  
	= 
	= 0.0394 x 100%
	= 3.94% yield







*Results were taken from Jenna MacNeil (8120972) as an emulsion and not a significant amount of crude product was obtained*
Table 3: Qualitative Observations
	Procedure
	Observation

	Adding tea bags to boiling water
	Water was brought to a boil, with the addition of tea bags water turned a dark brown colour.

	Before extractions
	The organic and aqueous phases were not clearly separated justifying the presence of an emulsion. The whole solution was consistent to the boiled tea: a dark brown.

	Emulsion
	With several additions of brine (NaCl solution) and dichloromethane, as well as proper venting, two distinct layers were produced.

	After addition of brine and dichloromethane
	Two distinct layers were present. The bottom, organic phase was clear with the presence of few brown bubbles/pockets. The top, aqueous layer was consistent with the boiled tea –a dark brown. 

	Gently boiling extracted organic layer
	To retrieve crude product, the organic layer was boiled leaving a white, powdered substance at the bottom of the flask.  

	Sublimation process
	The recrystallized product was white, opaque, fine crystals retrieved in clumps on the cold finger and the sides of the Erlenmeyer flask.  


TLC Analysis:
                                                                           Table 4: TLC Plate Rf values
	Spot
	Solvent Front
	Rf value

	Crude caffeine
	

3.7
	0.60

	Recrystallized caffeine
	
	0.59

	Authentic caffeine
	
	0.59



Solvent front



Legend:

C= crude caffeine

R = Recrystallized caffeine

A = Authentic caffeine








C        R       A



Solvent system (99:1 acetone: acetic acid)



Flow Diagram I. 
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Discussion:
	The overall goal for this experiment was to extract the component caffeine from black tea and remove it of impurities. Caffeine, C8H10N4O2, can be classified as an alkaloid and is an organic molecule that has properties of an organic amine base. Other than caffeine, tannins, chlorophyll, cellulose and pigments are found within tea leaves which are all more acidic compounds. Due to the chemical differences in the components of tea leaves (solubility and acidity), an extraction is able to take place separating these compounds based on these differences. Through the addition of a weak base (nucleophile), sodium carbonate, any acidic compounds (tannins, chlorophyll, cellulose and pigments) would deprotonate and become miscible within the aqueous layer (become a phenolic salt) leaving caffeine miscible within the organic layer. The addition of the nonpolar solvent dichloromethane allows for a high solubility of the desired organic compound, caffeine. Due to having a higher density than water (aqueous layer), dichloromethane along with the miscible caffeine form a bottom, organic phase in the separatory funnel. As noted within the observation table, an emulsion was present therefore the addition of 15mL of brine (concentrated NaCl solution) was added along with 10mL of dichloromethane. The addition of brine increases the ionic strength of the aqueous layer, causing the mixed organic compounds to form a uniform layer below. The addition of sodium sulfate to the extracted organic layer acts a drying agent and readily forms hydrates at room temperature with any remaining water molecules as well as some polar molecules. Through boiling the final organic phase the solvent, dichloromethane evaporated (boiling point of 39.6oC) leaving a fine, white powder: crude caffeine. As caffeine has a high melting point, when solid caffeine is heated at atmospheric pressure it will melt before boiling. By using a ‘cold finger’ apparatus (test tube filled with dry ice), this will allow the caffeine to be isolated from other non-volatile substances by condensation. 
	After the recrystallized product was extracted and weighed out, a TLC was taken to compare the recrystallized product to the crude and authentic caffeine, all developed in 99:1 acetone: acetic acid (very polar). Analyzing the Rf values (0.60 crude, 0.59 recrystallized and authentic) the results are very close indicating the compounds having very similar polarities and are almost the same. Though the TLC indicated high similarity between compounds, the results of the sublimation process had a yield of approximately 3.94% which is extremely low. In addition, the melting point of the recrystallized caffeine was taken to verify the purity of the compound. The melting point determined to be 219.0oC – 225.8oC which was approximately 15oC lower than the melting point for caffeine in literature (235oC - 238oC). Through assumption that 4% of the tea by mass was caffeine an ideal experiment (with 100% yield) would have extracted 0.2356g of recrystallized caffeine compared to this experiments 0.0100g. 
	There are many reasons for the discrepancy in melting point and obtaining a low yield for this experiment. A lower yield of crude product can be a result of the emulsion forming (inefficient process of extraction) as well as insufficient washing with dichloromethane to obtain the maximum amount of crude product. In addition, prior to the emulsion if the dichloromethane is added to soon to the boiled tea (while still hot) a lot of the solvent can evaporate causing a lower amount of desired compound being extracted. These three major discrepancies support obtaining a low yield of crude product (0.0400g). An indication of the presence of impurities within the recrystallized product is having a large melting point range and also having a melting point depression (lower melting point than literary values). Impurities that are soluble within the product cause a disruption in the crystalline lattice structure of the solid caffeine. This difference in structure makes it easier to overcome the intermolecular interactions (lower energy barrier) resulting in a lower melting point. 

Questions

1. How does a NaCl solution function to remedy an emulsion?
As mentioned within the discussion, brine (concentration NaCl solution) increases the ionic strength of the aqueous layer forcing any remaining organic compound into the organic phase. This allows a clear separation of the two phases and is an effective solution to an emulsion.
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.
To isolate catechin, a water-soluble substance, from tea the same procedure would be followed from this experiment except the aqueous layer would be extracted and targeted. The addition of sodium carbonate would react with the catechin (acidic polyphenol) and remain in the aqueous phase. Once the aqueous layer is isolated, a strong acid should be added to the phase to reprotonate the polyphenols resulting in it being miscible with DCM (organic solvent) that would be used in repeated washes. Taking advantage of the differences in boiling points of the different polyphenols a distillation can be undergone to isolate catechin from the other polyphenols. 

3. [image: ]Using a flow chart and reactive extraction, explain how you would isolate naphthalene, benzoic acid, aniline and 2-naphthol from a solution of dichloromethane containing all three?



























4. Why only a pencil is used to mark a TLC plate, instead of a pen?
If a pen was used to mark a TLC plate, the ink would travel up the plate with the solvent along with the samples which can obscure your results and add new spots on the TLC plate.
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