Lab # 1
Extraction and Purification of Natural Products
 CHM2123 
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Due date: September 23, 2013

1- Theory and Mechanisms

The objective of this lab is to review the major techniques that are done in isolating and purifying products once a chemical reaction is done. These major techniques include Extraction, Recrystallization, and Thin Layer Chromatography, and each of them has specific methods and purpose in investigating and analyzing any desired products. Moreover, these desired products are analyzed in 2 parts of the Lab, each gotten through either of the three separation techniques. In part A, the desired product is caffeine which an organic compound found in Green and Black Tea, where concentration of it in green tea is less than Black tea, and it is a form of Alkoilds. For the propose of this lab, Black Tea would have to undergo boiling to extract various compounds that are composed of the tea which are polyphenol, caffeine, and Theranie; then, extraction which is a technique used to separate mixtures through the principle of  polarity and affinity-soluble among soluble compounds. Moreover, the main reaction occurs when Na2CO3 dissociate and acts as a nucleophile, deprotonating the –OH groups on any of the 2 forms of the Polyphenol therefore, increases it-polyphenol’s- polarity and solubility in the aqueous phase. Drying with the help of a drying Agent like Ionic crystal compounds, recrystallization which involves dissolving the impure compound in hot solvent, filtering out insoluble impurities, and Suction filtration to gain desired product, Caffeine, in this part of the lab.
Mechanism 1:
Na2CO3(s)  	2Na+(aq)  +   CO32-(aq)



           On the other hand, part two which is the extraction of carotenoids and chlorophylls from spinach leaves doesn’t require any form of those separation techniques listed above except the Liquid-liquid extraction. The purpose of the step is to separate and identify different pigments found in the sample alongside compare the solubility with respect to their relative chemical structures and functional groups. 
           Meanwhile, the separation technique that is common among the two parts of the lab is called Thin Layer Chromatography which serves different purpose to the steps. In step1, TLC would be used to compare the relative purity of the Crystals caffeine with the crude one and the authentic one. While the purpose of TLC in part 2, is to separate and analyze the difference in polarity between the carotenoids and the Chlorophylls through changes in the polarity of the mobile phase.
Finally, the melting point of the crystal caffeine is determined by using the Gallenkamp [melting apparatus] instrument. This is done by placing the sample tube containing the crystal in the hold onto of the instrument, and then the melting point range is given when the temperature starts and stops.
2 - Table of Reagents
Part 1: Extraction and Purification of Caffeine from Black Tea
	compound
	Mol Mass
(g/mol)
	Mass measured
(g)
	Volume Measured (mL)
	Density
(g/mL)

	2 Tea Bags
	---
	7.0566
	---
	---

	Na2CO3(s)
	106.0
	1.964
	---
	---

	CH2Cl2(l)
	84.9
	---
	40.0
	1.33

	NaCl(aq)
	58.4
	---
	50.0
	2.62

	Ethanol(aq)
	46.1
	---
	1.00
	0.789

	Na2SO4
	142.0
	3.363
	---
	---



Part 2: Isolation of carotenoids and Chlorophylls from the Spinach
	
	
	
	
	

	compound
	Mol Mass (g/mol)
	Density (g/ml)
	Mass (g)
	Volume (ml)

	Anhydrous Na2SO4
	142.14
	2.639
	1.080
	   ---

	
Sand
	
    ---
	
2.8-3.2
	
1.060
	
   ---

	
Acetone
	
 58.08
	
0.7880
	
  ---
	
4.010

	
Hexane
	
 86.18
	
0.6594
	
  ---
	
3.000

	
HCl
	
 36.46
	
1.189
	
 ---
	
4.950

	
H2O
	
18.01
	
1.000
	
 ---
	
2.900



3 - Experimental Procedures
Please refer to lab manual: ‘Organic Chemistry Laboratory II’ (McGilvray, K., 2013) pages 10 for more detailed steps
Modifications
· Only one TLC was accomplished in PART A due to the insufficient amount of caffeine crystals being gained
· Change in the tube for the grinding of leaves was made. Centrifuge tube was used instead of Erlenmeyer flask

4 - Observations
Part 3: Extraction and Purification of Caffeine from Black Tea
	Important Steps
	Observations

	Colour of Tea in hot water
	Turns into a dark brown mixture

	Adding of 2.0g of Na2CO3
	The solution first bubbles
Solution turns Black
Changes into Dark Brown after stirring

	Extraction and Separation
	Organic phase was at the bottom forming a light brown solution in the separatory funnel. The aqueous phase was at the top and forms a dark brown solution

	Gradual Addition of Na2SO4 to the organic phase
	Forms a fluffy substance which was filtered out

	Colour of crude Caffeine
	This formed white which is really sticky compound, and has no crystal lattice could be seen

	Addition of Hot Ethanol
	Forms a clear liquid

	Colour of the crystal after suction filtration
	Forms a white crystal lattice compound 

	TLC

	



Part 4: Isolation of carotenoids and Chlorophylls from the Spinach
	
	

	Important steps
	observation

	After grinding in the centrifuge tube
Acetone + sand + Anhydrous Na2SO4 + spinach leaves
	Two layers were notices alongside an increase in green intensity from bottom (sand-white) to top (green organic) layer

	
Transfer of liquid layer to test tube A
	
a dark green solution present


	Hexane (3ml) is added to Test Tube A
	Changes from dark green solution into two distinct layers where the top layer is light green and the bottom layer is a dark green solution

	
Water (3ml) is added to Test Tube A containing Hexane
	
Changes in the two layers were noticed
Top layer becomes light green
Bottom becomes light greenish yellow

	
Test Tube C contains the top layer from Test Tube A
	
 Light greenish solution

	
1 M of HCl (5ml) added to it

Then shake
	
Light greenish solution changes into two distinct layers
Top layer contains cloudy green solution
Bottom layer contains clear solution



5 – Results
Part 5- experimental the percentage table of Part A’s product-Caffeine

	Compound
	Appearance
	Mass (g)
	Yield (%)
	Experimental melting point range (°C)
	Literature melting point (°C)
	Mol..Weight
(g/mol)

	 Caffeine crystals
	White crystal lattice compound
	0.0109
	9.91
	237.5-242.3
	238
	194.19


---

	Crude caffeine
	Pale yellow fibers/crystals
	0.6699
	
	---
	---
	



6 - TLC Plates

Legend:
CC: Crude Caffeine
RC: Recrystallized Caffeine
AC: Authentic Caffeine

Mobile phase
7ml of 99:1 of Acetone: acetic acid









CC     RC      AC



Part 6: Thin Layer Chromatography for PART A
	compound
	Rf values

	Recrystallized caffeine spot
	0.523

	Authentic caffeine Spot
	0.523

	Crude caffeine spot
	---


	
[image: ]	3:7 Hex:Ace
7:3 Hex: Ace












A     B     C

A     B     C

(Rfa)	(Rfb)

Legand:
A: grinded solution with hexane and water
B: grinded solution only
C: solution of A + HCl solution
50:25:25 Cy.hex:hex:Ace













A       B      C

(Rfc)




Part 7: Thin Layer Chromatography for Carotenoids and Chlorophylls
	compound
	colour
	
	
	
	Rf values
	
	
	
	
	

	
	
	30:70 
	Hexane:
	Acetone
	70:30
	Hexane:
	Acetone
	50:25:25
	Cy.hex:Hex:
	Ace

	
	
	  A
	   B
	  C
	   A
	     B
	   C
	   A
	   B
	   C

	Beta-carotene
	Yellowish-
orange
	0.940
	0.940
	0.945
	0.945
	0.945
	0.945
	0.945
	0.945
	0.945

	Pheophytin a
	grey
	---
	---
	0.865
	---
	---
	0.519
	---
	0.558
	0.558

	Chlorophyll a
	blue green
	0.865
	0.865
	  ---
	---
	---
	0.462
	 0.558
	 ---
	0.442

	Chlorophyll b
	Light green
	0.808
	0.808
	  ---
	0.346
	0.346
	0.346
	0.384
	0.384
	  ---

	
	Yellow green
	  ---
	   0.731
	  ---
	0.269
	0.269
	---
	0.308
	0.308
	0.308

	lutein

	yellow

	---

	---

	---

	---
	0.192
	---

	0.192

	0.192

	  ---




7 - Sample Calculations
Calculation of Rf’s
For the Rf of Recrystallized caffeine spot for TLC #1
Rf = (Distance travelled by the compound from the origin) / (Distance travelled by the solvent from the origin)
Rf = 2.3 cm / 4.4 cm = 0.523
Original mass of Black Tea (mB1)
MB1=(Mass of 2 tea bags containing the black Tea)-( mass of the 2 tea bags only)
Where two empty bag = 0.12*2= 0.24g
mB1 = (7.0566-0.24) = 6.8166g
% Yield for caffeine crystals (% Yield)
% Yield = (Mass of caffeine crystals obtained) / (Original mass of caffeine crystals) x 100%
Assuming 0.055g of Caffeine  ͌  4.0g of black tea (
Therefore, 6.8166g of black tea ͌  0.0937g of caffeine should be crystallized(theoretical yield)
% YieldBA = (0.0109g)/(0.0937g)x100% = 11.63%

9 - Discussion
                  The purpose of this lab was to effectively separate a mixture of caffeine- form of crystals-, polyphenols and Theranine from a black tea in part A, alongside separating the different carotenoids and chlorophylls-form of colors- from spinach leaves in Part B. In Part A, The estimated masses of the 2 Black Tea in the bags was determined by subtracting the approximate mass of an empty bag (1 empty bag= 0.12g) from the total masses to the black tea Bags(7.0566) which results in 6.8166g of Black Tea available in the Bag.
                  Moreover, the purpose of boiling was to remove all the caffeine that is available in the black tea bag, but this also comes with the removal of polyphenol compounds and traces of theranine was all similar in solubility. Therefore, the purpose of adding CO32- which attacks a weak base but a strong nucleophile is to deprotonate the polyphenol compounds so as to increase it solubility in an aqueous solution rather than an organic phase. Then extraction was done where the organic phase, CH2Cl2, was positioned at the bottom of the extraction funnel- density of CH2Cl2 is greater than water- containing Caffeine while the aqueous phase, water was positioned at the top layer which contains low levels of Caffeine (due to the saturation of the organic phase and little dipole interactions with water), more polyphenol, Theranine and trace of inorganic compounds. Further extractions were done on the aqueous phase using Brine so as to reduce the rate of emulsion, increase the polarity of the aqueous phase, and displacing the remaining amounts of Caffeine into the organic phase or remove trace to polyphenol from the organic phase. This process is called Washing. 
                After this, the purpose of adding Na2SO4 in it solid state into the organic extraction mixture is to dry the solution by removing traces of water; therefore, this attracts the water into it lattice structure which made the solution “fluffy” then filtration was done to filter out the organic phase from the hydrated Na2SO4. Meanwhile, the addition of boiled ethanol-solvent- into the crude caffeine is to dissolve the necessary amount of caffeine in it at high temperature, though has the potential of dissolving some amount of impurities. This has to be cooled slowly because the formation of the caffeine’s lattice requires the moving of molecules in the lattice to re-dissolve and prevent the formation of solvents pocket in lattices: therefore, makes the balance the shape and increase the purity of the caffeine crystal. Then suction filtration was done to recover the caffeine crystals
                 Furthermore assumptions were made in terms of the amount of Caffeine compounds in two black Teas used; therefore, the Theoretical value of caffeine was gotten form Lipton tea’s website which says”1 bag of black tea yields approximately 55mg of caffeine,( http://www.liptontea.com/product/detail/141444/black-tea-cup-size) ‘ as a result, generates a theoretical yield nearly 0.0937g of caffeine by proportion. Unfortunately, the percentage yield was 11.63% which shows that an incomplete amount of Caffeine was gotten from the experiment; therefore, this leads to various factors that are responsible for this low percentage yield and requires some modifications. First, A stronger Drying agent than Na2SO4, like MgSO4 which has a high drying capacity should be used to effectively dehydrate the organic solution so as to get a high percentage of purity of the crude caffeine. Another is the use of Chloroform with is more effective in hold and maintain the caffeine compounds at the organic phase rather than using dichloromethane as the organic solvent. Furthermore, for effective recrystallization, a mixed solvent would be appropriate than just Ethanol. This is because ethanol at high temperature is moderately soluble in caffeine; therefore, allows for the loss of caffeine during suction filtration. Finally, Oiling out by seeding should be done so as to obtain the caffeine crystals directly
The experimental melting point range for the caffeine crystal was 237.5– 242.3°C, and the literature value is 238 °C. This range is fairly close to the literature value. The caffeine crystal may have been very pure due to the fact that too little hot solvent was added during the re-crystallization process. This step in the re-crystallization process is very susceptible to error, if too much ethanol is added the crystals will capture the ethanol, creating a less pure product. Sources of error which may have affected the purity of the benzoic acid crystals include, cross contamination of the equipment, and residual salts (from ineffective washing of the product). Then the TLC done using 7ml of 99:1 of Acetone: acetic acid as the mobile phase revealed similar elution of the two spot, one on the recrystallized caffeine and the other one the Authentic spot: therefore, implies that the products formed were pure without any form of impurities. Unfortunately for my group, they didn’t get sufficient amount of caffeine crystal: therefore, the mass of the crystal and range of the melting point alongside the crude mass were gotten from another group, Alex Jesmer(6796915) and the TLC for PART A was gotten from another group, Lewis Wang(6840485)
 However, in part B were extraction of Carotenoids and chlorophylls is done, the two mixture in are considered non-polar organic substances; therefore, they will both dissolve in organic solvent. In the process of grinding the leaves, the Addition of Acetone to the leaves is to get as much Chlorophyll and Carotenes are possible; as a result, this enables the organic phase to contain the organic pigment while the function of adding Na2SO4 generates the migration of impurities like cellulose, iron, and water soluble vitamins in aqueous phase which is the composition in Test tube B.  furthermore, addition of hexane which a strong organic solvent would dissolve with the organic pigment at the top to Test Tube A, while addition of water will take up the inorganic and water soluble vitamins at the bottom of test tube A. The addition of HCl (aq) to the organic phase cause the reduction of some of the cholorophyll a and b into pheophytin a which contains 2H+ ions instead of Mg2+ ion as indicate in Test tube C.

               In the case of the 3 TLC with the different mobile solvent combinations, there is a trend that is been noticed on the 3 plates. One of these trends is with regards to the amount of Acetone present in the mobile solvent. Since most of the ceroteroid and chlorophyll consist of carboxyl and hydroxyl groups, they will have some dipole interaction alongside the Hydrogen bond the Acetone at higher quantity (Rfa); therefore, elutes and generate a highest Rf values for all the organic pigments compared to the remaining two. In the case of Beta carotene, it is the yellowish orange bands with Rf value of 0.945.it Rf value depends mostly on the presence of highly organic compound like Hexane or cyclohexane, and it less attractive force with the Silica-gel; therefore, this pigment would have the highest Rf values compared to the other pigment.  The three TLCs show the presence of a grey pigment most found on the spot C of all the plate. This shows the presence of Phenophytin a which is a protonated form of cholorophll a and b without Mg2+ . This process also reveals the relative solubility strengths of the pigments in plants leaves where with respect to a polar solvent. Xanthophyll due to the epoxide and presence of hydroxyl groups are considered the highest followed by Chlorophyll b and a due to the presence of complex carboxyl groups attachment on the heads then Phenophytin a whose structure is similar to that of chlorophyll due to the removal of substitution of Mg(2+) for 2H(+) which makes it less dipole activate, and finally Beta carotene whose structure is similar to Xanthophll but without a OH group and epoxide group.








9- Flow Diagram
	
Black Tea
Aqueous phase
Organic phase
Organic phase
Scoop of Na2SO4
+ Filtration
Mixture of organics and aqueous
+ethanol in steam bath
+cooling

Boil+
Slow cooling
Separatory funnel
+Brine (5ml)
+CH2Cl2 (10ml)
Caffeine +CH2Cl2
Caffeine +CH2Cl2
Low levels of caffeine, polyphenol, and Theranine, HCO3-, CO32-, and Water
Separatory funnel
CH2Cl2 15ml + Na2CO3 2.0g
Caffeine , polyphenol, and Theranine

Water + heat




















Polyphenol Deprotonation, Theranine, HCO3(-1), CO3(2-), Na(+), Cl(-), Water
Caffeine +CH2Cl2+ water trance


Crude Caffeine




Recovered caffeine crystal
Suction filtration

Caffeine crystal



10 – Questions
(8)     
	Using 4:1 of Hexane and ethyl acetate
	Using 1:4 of Hexane and ethyl acetate

	(a) Cyclohexane would have a higher Rf value than cyclohexanol because the amount of  non-polar mobile solvent is sufficient enough to dissolve the cyclohexane since it is a non-polar compound, and then elute it more than cyclohexanol (polar)
	Cyclohexanol would have a higher Rf value than cyclohexane because the amount of the polar mobile solvent is sufficient enough to form a dipole interaction and hydrogen bond with the polar compound, Cyclohexanol(polar dissolves in polar); therefore, elutes it more than  that of Cyclohexane 

	(b) The 3-octanol would have a higher Rf value because the hexane  would generate sufficient London dispersion interaction on both sides of the c-c chain beside the OH group  less dipole interaction with ethyl acetate 
	The 1-octanol would have the higher Rf value because there is sufficient  polar  mobile solvent to generate a high hydrogen bond and dipole interaction with the OPEN –OH group on the 1st carbon

	(c) Since the Mobile phase is more non-polar , the tertiary amine cyclopentane would have a greater Rf value than the Primary amine cyclohexane, due to the more London dispersion interaction present
	Since the mobile phase is more polar, the primary amine containing the cyclohexane group would have a higher  Rf value than the tertiary amine containing the cyclohexane group. This is due to the hydrogen bond and dipole interaction the ethyl acetate and –NH2 group.

	(d) The ester would have a higher Rf  value than the one with the Carboxylic acid group because since  the solution is more non polar, the London dispersion force with more number of carbons is favored 
	The carboxylic acid would have a higher Rf value than the ester group because since the solution is more polar, the hydrogen and dipole interaction between the carboxylic acid would be greater than the ester compound



(9) In this case, green tea which has a greater amount of Catechin (polyphenol) than Black tea would be used. Then the addition of acetone and hexane followed by water would be used to partially separate the organic (contains caffeine) from the aqueous phase (traces of catechin,). After that, the aqueous could be pipetted out and then, the DE protonated by adding Na2CO3 would yield the ionize compounds that have different density and boiling point

(10) In the case of the alcohol compound, the functional group OH is attached to a stereo-center with has four different groups and has a sp3 hybridize state- tetrahedral.  As a result, there will be steric hindrance between the compound  and the polar solvent; therefore, yields to a decrease in the solubility of the compound in a polar solvent. On the other hand, the ketone group that contains a carbon that is sp2 hybridized- trigonal planar-would generate a easy access for a solvent to interact with the delta (-) - oxygen atom; therefore lead to an increase in the solubility of that in a polar solvent.
image1.png




