Lab# 1
Separation and purification of natural products
Jeffry Colin, 6901365, CHM 2123, Section C
 TA: Sora J
Due date: September 25, 2013
1- Introduction and mechanism
Part A
In the first part of the experiment, we extracted caffeine from a cup of tea. To start, we ionised the polyphenols in the tea by adding sodium carbonate. Then we separated the caffeine from the tea, using a dichloromethane/water extraction. The caffeine went into the organic phase while the polyphenols, being ionic, stayed in the aqueous phase. Finally, we recrystallized the caffeine. We verified the purity of our product through its melting point and TLC.
Part B
In the second part of this lab, we used an acetone-water vs hexane extraction to separate the carotenoids and the chlorophylls from spinach leaves. Those molecules having a small polarity, mostly went into the organic phase. We used hydrochloric acid to change the chlorophylls into pheophytins. Those pheophytins being less polar than the chlorophylls, dissolved even more into the organic phase. Afterwards, we used TLC to separate and identify the different molecules from each other, based on their polarity.

2- Experimental procedure
Refer to the Organic Chemistry II lab manual, page 2 to 17.

3- Observations
Part A
	Important steps
	Observations

	Boil the tea bags
	The water turned black

	Extraction of the caffeine in dichloromethane
	The caffeine went into the organic phase at the bottom. The organic phase was clear. There was an emulsion between the two phases.

	Recrystallization of caffeine
	The crystals were white.

	Drying the caffeine
	We noticed some crystals went through the filter and were in the Buchner funnel. The crystal was a white powder.



Part B
	Important steps
	Observations

	Tube A
	Clear separation of the organic phase (dark green) on the top, and aqueous phase (light green) at the bottom

	Tube B
	Dark green solution

	Tube C
	Clear separation of the organic phase (dark green, but lighter than the organic phase in tube A) on the top, and aqueous phase (light green) at the bottom. You could observe some emulsion between the organic and the aqueous layer.

	Thin Layer Chromathography
	The pigments were shifting along with the solvent during the elution.




4- Results
Part A
	Compound
	Appearance
	Mass (g)
	Yield (%)
	Experimental melting point (C)
	Literature melting point (C)
	Rf value

	Caffeine in tea bags
	It’s black, and mixed with other compounds
	0.25
	NA
	NA
	NA
	NA

	Crude caffeine
	White crystals dissolved in a small amount of dichloromethane
	0.9
	NA
	NA
	NA
	0.51

	Recrystallized caffeine
	White crystal powder
	0.01
	4.0
	233-234
	238
	0.51



Part B
	Compound
	Color
	Rf values

	
	
	30:70 Hex:Ace.
	70:30 Hex:Ace.
	50:25:25
 cy.hex:hex:ace

	
	
	A
	B
	C
	A
	B
	C
	A
	B
	C

	Chlorophyll a
	Yellow
	0.95
	
	
	
	0.42
	0.58
	
	
	0.66

	Chlorophyll b
	Green
	
	0.95
	
	0.4
	0.4
	
	0.5
	0.5
	0.5

	Pheophytin a
	Grey
	
	
	0.98
	
	
	0.625
	
	
	0.72

	Pheophytin b
	
	
	
	
	
	
	
	
	
	

	Lycopene
	
	
	
	
	
	
	
	
	
	

	B-Carotene
	
	
	
	
	
	
	
	
	
	


		
5- TLC plates
Part A99:1 acetone: acetic acid


 		Iodine crystals and silica gel
Legend
 Part A
●caffein
Part B
● Pheophytins
● Xanthophylls
● Chlorophylls


Part B
50:25:25 cy.hex:hex:ace
70:30 Hex:Ace.
30:70 Hex:Ace.


						


6- Calculation
Calculation of Rf value of pure caffeine in part A

Calculation of the yield of caffeine

7- Flow Chart
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8- Discussion
Part A
We placed the tea bags in the hot water in order for the caffeine to dissolve in it. The polyphenols also dissolved in the water and we had to isolate the caffeine from them. We added the Na2CO3 to the solution to make the polyphenols ionic through an acid-base reaction.
 Since caffeine is more soluble in an organic solvent, we extracted it from the water with dichloromethane. The polyphenols, being ionic, stayed in the aqueous phase. We added some brine to the solution in order to increase the polarity of the water, which would push more caffeine into the organic phase. 
Once we isolated the organic phase, we added Na2SO4 to it so that we could remove any trace of the aqueous phase, as well as the remaining emulsion from it. After filtering the Na2SO4 from the organic phase, we boiled off the dichloromethane in order to obtain our crude product. In our experiment, we didn’t completely boil off the dichloromethane when we measured the mass of our crude product, which caused it to be 0.9g as shown in the results, rather than being lower than 0.25g as we would expect. This is the reason why we could not calculate the yield of the crude product.
We recrystallized the caffeine with ethanol, since caffeine is only soluble in it at high temperatures. Once we cooled the ethanol, the caffeine crystallized, and we were able to recover it by suction filtration with a Buchner funnel. In our experiment, some of the caffeine was still dissolved in the ethanol and  went through the filter. This is most likely the cause of such a low yield of 4 percent.
The melting point of our product (233-234°C) is close to the theoretical value of 238°C. The difference is most likely due to  the presence of some ethanol (from the recrystallization) in our product, or human error.
When we did the thin layer chromatography to compare the crude product, the recrystallized caffeine and the authentic sample of caffeine, all the samples had the same Rf value. This means that we achieved a good purity level just from the extraction. However, when we placed the TLC plate in a container of iodine crystals and silica gel, we didn’t notice any brown spot. This might have been because we didn’t wait long enough for the spots to show.

Part B
We added Na2SO4 and sand to the spinach leaves because they are drying agents and they help disintegrating the cell walls, in order for the xanthophylls and the chlorophylls to get out. We used acetone as a solvent because it dissolves the compounds that we wanted to isolate (the xanthophylls and the chlorophylls). 
We added hexane and water to the tube A because we wanted to isolate the xanthophylls and the chlorophylls in the organic phase, and let all the impurities in the aqueous phase. We added HCl to the tube C in order to make pheophytin, by substituting the chlorophyll’s magnesium with 2 protons.
Our fist TLC plate with a 30:70 Hexane: Acetone as solvent showed that the pheophytins moved further than the chlorophylls and xanthophylls. We would expect the chlorophyll to move further up, since it’s more polar than the other two compounds, and we were using a polar solvent.
The second and third TLC plates with 70:30 Hexane: Acetone and 50:25:25 cyclohexane: hexane: acetone respectively as solvent showed that the pheophytins moved further up, followed by the xanthophylls, and last the chlorophylls. This is exactly what we expected, since their polarity decreases in this order.
Potential sources of error in this lab could be due to contamination of the compounds and the low-efficiency of the extractions. To improve the overall accuracy of our results, I would recommend that we do more than on TLC per solvent, and average out the Rf values. This would give a more accurate result of what the actual Rfs are.

9- Questions
1- Ethy-actate and water are not miscible; they would not make a good mixture of solvents for recrystallization.

2- NaCl increases the polarity of water. By doing so, it allows the organic phase to separate from the aqueous phase, thus removing the emulsion.


3- In terms of polarity, Beta-carotene is a non-polar compound because the electro-negativity difference between the carbons and hydrogen that forms it is really small, and there is no dipole moment. It also cannot form any hydrogen bonds. Chlorophyll b is polar because it has several carbonyl groups attached to it, since there is a noticeable difference of electronegativity between oxygen and carbon. The carbonyl groups can also make hydrogen bounds with other polar atoms that have a δ+ hydrogen. 

Beta-carotene will have a higher Rf value in 70:30 Hexanes: Acetone because this solvent is more non-polar, and would have more interaction with non-polar molecules.

4- A-  For a mixture of 4:1 hexane: ethyl acetate, the compound to have the smallest Rf value would be:

a) Cyclohexanol because it has an OH group, making it more polar than cyclohexane. Since it’s more polar, it would have less interaction with this non-polar solvent, giving a a smaller Rf value.
b) 1-octanol because it’s a primary alcohol, which is more polar than a tertiary alcohol. Since it’s more polar, it would have less interaction with this non-polar solvent, so a smaller Rf value.
c) because a primary amine is more polar than a tertiary amine. So this compound would have a smaller Rf value since it has less interactions with the solvent.
d)  because a carboxylic acid is more polar than an ester. So this compound would have a smaller Rf value since it has less interactions with the solvent.

B- For a mixture of 1:4 hexane: ethyl acetate, the compound to have the smallest Rf value would be:

a- Cyclohexane because it doesn’t have an OH group, making it non-polar. Since it’s non-polar, it would have less interaction with this polar solvent, so a smaller Rf value.
b- 3-octanol because it’s a tertiary alcohol, which is less polar than a primary alcohol. Since it’s less polar, it would have less interaction with the solvent, so a smaller Rf value.

c- because a tertiary amine is less polar than a primary amine. So this compound would have a smaller Rf value since it has less interactions with the solvent.


d-  because an ester is less electronegative than a carboxylic acid. So this compound would have a smaller Rf value since it has less interactions with the solvent.
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