NAME









Organic Chemistry I









Laboratory session: 
November 17 2017









Laboratory: Extraction of caffeine from tea









[bookmark: _GoBack]Laboratory partner: 
1. Introduction
[image: ]Tea is one of the most commonly used caffeinated beverages in the world. The caffeine (C8H10N4O2) found in tea is a compound that belongs in the large class of alkaloids. In this lab, we extracted caffeine from tea leaves using different experiment techniques. The yield of caffeine from tea leaves is quite low but it allows us to experiment with a wide range of chemicals and all of our experimental skills learned throughout the year. The extraction requires lots of precision manoeuvres. 
2. Procedure: 
Attach your flow chart. See attached.


3. Results and Discussion
a. Calculations 
Table 1. Properties and production of caffeine from tea leaves
	Mass of Tea Leaves
	Mass of Caffeine
	Melting Point of Caffeine

	10.0321 g
	0.0835 g
	Attempt 1: 235.2 °C
Attempt 2: 235.3 °C



Percent of Caffeine Calculation:



The percent yield is 0.8323%. According to teatulia, “tea leaves contain approximately 3% of caffeine by weight.[footnoteRef:1]” Compared to our value, we extracted around a third of the caffeine which is a reasonable yield for a lab experiment. Product are lost throughout the lab such as in the glassware or in a solvent.  [1:  https://www.teatulia.com/tea-101/caffeine-in-tea.html] 

b. Draw structure
See attached

c. Comparison and Analysis of IR and melting point
On the authentic caffeine IR, there is an N-H bond, a stretch at 3111 cm-1, and a bend from 1644 cm-1 to 1547 cm-1. At 2953.18 cm-1, there is an C-H alkane bond. Alkene bonds, C-H (out-of-plane bend), are located from 972 cm-1 to 699 cm-1. There is a C=C from 1644 cm-1 to 1598 cm-1. C=O amide is located at 1644cm-1 also. C=N imine is from 1693 cm-1 to 1644 cm-1 is located. From 1358.27 cm-1 to 1024.49 cm-1 there is a C-N amine bond. 
On the experimental IR, there is only a N-H bent bond from 1646 cm-1 to 1547 cm-1.  The C-H alkane bond is located at 2953 cm-1. C-H out of plane bond is from 972 to 643 cm-1.  C=O amide is located at 1646 and there is a C=C double bond from 1646 to 1598 cm-1.  There is a C=N ranging from 1694 cm-1 to 1646 cm-1 is located a C=N imine bond. From 1325 to 1024, there is a C-N amine. Finally, there is some CO2 in the background at 2359 cm-1.  
Both IR Spectra are very similar, but the experimental IR doesn’t have a N-H (stretch) bond. We can also see that in the fingerprint region we have more peaks, that means that we have some contaminant in our synthesized caffeine. 
Conclusion
To conclude, the percent yield of caffeine from the leaves is 0.8323%. We have a melting point of 235.2°C. The theoretical yield is 3% of caffeine by weight and the melting point is 235°C. Our product is very pure since we are at 0.2°C off from the theoretical value. The IR are extremely similar but we have more peaks in the fingerprint region since we have some leftover contaminant. Caffeine contains alkene, amine, amide, and imine as its functional groups.
Post Lab Questions
1. List the chemicals that diffuse into your mug when you make tea.
· Nitrogen compounds: those includes alkaloids, amino acid, proteins, polyphenols.
· Pigments such as chlorophylls, anthocyanins, flavones. This gives the color to the water. 
· Carbohydrates: cellulose, sugars, starch, and lipids

2. Explain the purpose of sodium hydroxide in the separation of caffeine.
NaOH is a strong base and it was used to separate various products. The base reacts with the acids in the tea to form water and salt. This facilitates the extraction of caffeine.
3. [image: ]Draw the structure of caffeine and identify all the functional groups present in caffeine.Alkene
Amide
Imine
Amine
Amide

4. Explain why each step was necessary for achieving good separation of the tea compounds.

Lead acetate is used to make caffeine more soluble into water and it removes some impurities from the tea leaves. The extraction was used to help remove the different organic layers by using chloroform. This step was performed several times in order to maximize the caffeine extracted.  The denser one contains the caffeine we wanted. Methylene was also used to for the separation of caffeine from other impurities. That step was done multiple time and like the chloroform the denser part is conserved. NaOH was used for the acid base reaction in order to facilitate the extraction of caffeine. MgSO4 is used to remove any residue of water so only the desired product would undergo evaporation. Evaporation was done to evaporate the methylene chlorine and only the crude caffeine is left at the bottom of the beaker. 

5. What does the MgSO4 do?
MgSO4 is a drying agent. In other words, it absorbs all the left over water in order to prepare the product for sublimation.
6. Is your isolated caffeine pure? How do you know? How would you purify?
Melting point and IR Spectra is used to determine the purity of our product by comparing it to the theoretical values. The melting point of our product was 235.2°C and the theoretical one is 235oC. The IR spectra are extremely similar but we have some extra peaks in the fingerprint region. We can use sublimation to purify our caffeine but that means a loss of product. Sublimation using the cold finger has a very low percent yield. 
7. What are the possible impurities that could be present in your product?
The possible impurities that could be present are tannic acids, chlorophyll and flavonoids. Other impurities could be from the lab solvents such as traces of lead acetate of methylene chloride. 
8. Discuss all the possible errors in your experiment.
· Lost in product when scrapping it out of beaker while putting it in the vile.
· Solution not cold enough after being boiled: a cooler solution means more caffeine in the solution. 
· If we boiled the tea for longer than 15 minutes, the result could be better. 
· Leftovers from the organic layer extraction while using the seperatory funnel.
· Leftovers in glassware while doing the lab such as in the beaker and during filtrations.  
· Not shaking long enough while we added the CH2Cl2: this is really the steps that separates the organic layers. We could do more than 3 times for the shaking part. The more we do, the better the results. 
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