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EXPERIMENT 1- SEPARATION AND PURIFICATION OF NATURAL PRODUCTS
INTRODUCTION:
Chromatography

Chromatography is most reliable and rapid method separating mixtures. The word chroma is Greek for colour and initially it was used to separate coloured compounds. In chromatography, mixtures are separated according to differences in their distribution between two phases. In chromatography, the mixture to be separated is dissolved in the mobile phase and the resulting solution is passed through the stationary phase which show a substance's affinity toward each phase. 
Rf Value

Rf value describes the movement of the compound on a TLC plate. This value is determined by the compound displacement (d1) divided by the displacement of the solvent front (ds)

Rf = d1 / ds
The Rf value is a measure of polarity in a compound. Where small Rf value will indicate a polar molecule that moved slowly through the silica gel, and large Rf value will indicate a non-polar molecule that moved fast through the silica gel.

Extraction
It is a process to separate different compounds by using their solubility in two immiscible solvents, called phases. There are two phases involved, organic and aqueous. Extraction usually involves the movement of desired compound from one phase to the other while leaving impurities behind in the first phase. For this process a special glassware called separatory funnel is used.
Recrystallization
It is the technique for purification in organic chemistry which is based on immiscibility of compounds and impurities in hot and cold solvents. Recrystallization is effective when product has be purified from major impurities by other purifying techniques washing or extraction. In this technique crude product is dissolved in very minimum amount of hot solvent and filtered to remove insoluble impurities and then cooled to precipitate crystals from saturated solution. 
Part A: Extraction and Purification of Caffeine from black tea 
In this part Sodium Carbonate is used to keep converted tannins and polyphenols in aqueous phase.

Equation: ArOH + Na2CO3 = ArO-Na+ + Na+HCO3-
Part B: Extraction of Carotenoids and Chlorophylls from spinach

The equations below shows reaction to convert chlorophyll a and chlorophyll b to pheophytin a and b respectively.
Equations: 
Chlorophyll a: C55H72MgN4O5 + 2H+ ( C55H74N4O5 + Mg2+
Chlorophyll b: C55H70MgN4O6 + 2H+ ( C55H72N4O6 + Mg2+
PROCEDURE:

Refer to the section titled “Experimental Procedures” found  in pages 10-15 of the CHM2123 Organic Chemistry Laboratory II Manual.
Modifications: Part A

· Second extraction was done with 20mL of CH2Cl 
· The solid formed after adding Na2SO4 was brown not white
· In step 16 ethanol was added to crystals and then both were heated together
· No boiling point was measured
Modifications: Part B

· A centrifuge tube was used instead of Erlenmeyer flask

· Hexanes were added before water

· 70:30 hexanes:acetone TLC was not done 

TABLE 1: Quantity and mass of substances for part A

	Mass of Na2CO3 
	2.03g

	Mass of Tea Bag
	6.66g

	Mass of Erlenmeyer Flask
	65.83


TABLE 2: Quantity and mass of substances for part B

	Mass of leaves
	0.94g

	Mass of sand
	1.01g

	Mass Na2SO4
	0.99g

	Acetone
	3.9mL

	Hydrochloric Acid
	5.08mL


OBSERVATIONS:
Part A

· After boiling of teabags the solution became brown
· After addition of Na2CO3 and  DCM, and shaking-venting the liquid separated into two layers of transparent organic phase and opaque brown aqueous phase.

· After addition of Na2SO4, the brown impurities clumped together and become solid

· After boiling the organic phase, white solid was left in the flask

· After adding ethanol and heating it dissolved with the crude product

· Isolated pure caffeine were small and long crystal

Part B
· Na2SO4 and sand was added and grinded to extract dark green pulp
· After addition of 2.0mL of acetone very little pulp was found so another 1.9mL of acetone and it turn into dark green pulp
· A sample was extracted from the pulp into a test tube for rest of reaction, after addition of hexanes and water two layers formed after shaking-venting.
· A clear aqueous phase was at the bottom and dark green organic phase on top
· After addition of HCl the organic phase changed color to light green
· On TLC plates the spots were clearly visible and they were green, yellow and grey
RESULTS: Part A and Part B
	Compound / Object
	Mass (g)
	Yield (%)
	% Of Total Composition

	Crude Caffeine
	0.18g
	-
	-

	Pure Caffeine
	0.03g
	73.5%
	0.31%

	Chlorophyll/Carotenoids
	-
	-
	-


Part A



	Compound
	Rf Value

	Caffeine
	0.54



Part B
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	Compound
	Rf in 50:50 hexanes: acetone
	Rf in 3:7 hexanes: acetone
	Rf in 50:25:25 cyclohexane: hexanes: acetone

	Chlorophyll
	0.89
	0.96
	0.36

	Xanthophylls
	0.94
	0.91
	0.30


CALCULATIONS:
Calculation of the Rf’s

Caffeine:

Rf = 2.7 cm / 5.0 cm

     = 0.54
Yield Calculation

Theoretical yield of caffeine:
mtheoretical = (0.034 g / 250 mL) X 2 tea bags X100 mL

   = 0.0272 g

Actual yield of caffeine:
mactual = 0.02 g
Percentage Yield = mactual / mtheoretical

 = (0.02 g / 0.0272 g) X100 %

 =  73.5%

Percentage Composition

mtea bags = 6.66 g
mtea leaves = 6.66 g - (0.12 g X 2)
              = 6.42 g
mcaffeine = 0.02 g

Percent Composition  = (mtea caffeine / mtea leaves) X 100%


  = (0.02 g / 6.42 g) X 100%


  = 0.31%
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DISCUSSION:

PART A
In this part tea was boiled to increase water’s ability to dissolve solutes. Cooling of tea decreased the solubility of caffeine and tannins and then Na2CO3 is added to react with tannins and converting them into their salts. The polarity difference between salt and tannins push salt into aqueous phase. Even after rinsing with DCM there was a lot of residue in the beaker which is a source of error.
Extraction in this part is done using DCM and water because DCM is denser than water and it will help to extract organic phase from separatory funnel. Emulsion is our experiment was very minor but it will still affect the final percent yield. The reason for formation of emulsions is that salts converted from tannins are anionic surfactants. When these anionic surfactants come in contact with organic phase they produce emulsion. Due to these anionic surfactants the funnel was not shaked vigorously. The organic phase is collected in beaker and the extraction is repeated to get rid of some impurities leftover from the aqueous phase in organic. Drying agent Na2SO4 is added to precipitate into solid above the organic phase and then could be filtered out. The remaining product is crude caffeine with DCM in the solution and its boiling point is much lower than caffeine making it easy to separate by boiling DCM out of the solution.
Recrystallization
Pure caffeine was recrystallized using ethanol as solvent. Ethanol is not able to dissolve caffeine at lower temperatures because it is much more polar and at higher temperature it dissolves caffeine easily. So when caffeine is dissolved in ethanol at high temperature the solution is saturated at high concentration and, as the temperature decreased the concentration of caffeine lowers at which ethanol is saturated is lowered. This becomes supersaturated solution which is unable to stay in liquid form and crystals starts to form. Once crystals are form we used suction filtration to remove the remaining ethanol.
TLC Plates
The TLC showed the same Rf value for crude, pure and authentic caffeine. This shows that the pure caffeine was fairly crystallized and the mass of caffeine was found to be 0.31% of the contents from the tea bags.

PART B
Sand is used to break the cellulose cell wall of spinach leaves, and Na2SO4 is drying agent to remove water stored in the leaves. After grinding it physically solids settle and green pulp is on the top. Acetone is added to separate unwanted substances from the grinded leaves, sand and Na2SO4. Acetone changes to green color of the pulp.
Mini Extraction
A mini extraction was done after adding hexanes and water. Organic phase was at the top which was green in color and contains the pigments. It is possible that some polar substances would have been dissolved in the water.

After adding HCl to the organic phase it reacts with chlorophyll a and b into pheophytin a and b. There was a color change from dark green to very light green after this reaction.

TLC Plates
TLCs for this part of experiment did not need UV lamp to see the spots because they were clearly visible. The green spots are chlorophyll and yellow spots are the xanthophylls. The other TLC also had grey spots which are pheophytins. Chlorophyll is most polar of all and has lowest Rf followed by xanthophylls, pheophytin and lastly carotenoids. Carotenoids are not polar enough on the appear clearly on the TLC.
QUESTIONS:

1. Why is ethyl acetate-H2O not a suitable solvent combination for re-crystallization?
-Ethyl acetate is less dense than water and it would make the organic phase on the top and making it hard extractions from the aqueous phase.

2. Why is the tea boiled for the extraction experiment? Why was it subsequently chilled in an ice bath?

-Boiling increases the solubility in water and helps remove caffeine from the leaves and dissolve in water. Cooling in ice bath reduces solubility in water and helps it move to organic phase.
3. What was the purpose of adding sand to the Erlenmeyer flask tube in Part B?

-Sand makes the it possible to grind into the cell wall and let the chlorophyll out of the leaves.

4. Rationalize why pheophytin α has a higher Rf value than chlorophyll α.
-Pheophytin a is less polar and hence it has higher Rf value than chlorophyll a. The reason for pheophytin being less polar is that it does not have the N-Mg bond like chlorophyll a, instead it has N-H2.
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3:7 �Hexanes: acetone








50:25:25 �Cyclohexane: hexanes: acetone








50:50 �Hexanes: acetone











