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Protocol: 
· Refer to the procedure in the Organic Chemistry Lab Manual pages 28-33 for Experiment 3: Extraction
· Modifications:
· For the shaking of the separatory funnel, my partner shook the for 10 seconds, then open the stopcock for a second to release the pressure and then continued to do this 3 times – 30 seconds of shaking overall. 
· Reference:
· “Experiment 3: Extraction” – Organic Chemistry Laboratory Manual – By: Dr. Tony Durst, Dr. Tito Scaiano, Dr. William Ogilvie, Dr. Alison Flynn -  Revised by: Dr. Bianca van Lierop, Dr. Alex Bush, and Dr. Rashmi Venkateswaran
Observations: 
· Solvent solutions:
· Ether:
· Volatile, very strong scent
· Transparent
· Also due to the strong scent possibly, were able to see vapour from the tube as it was poured in.
· Water 
· No scent 
· Transparent
· 1-Butanol
· Transparent
· Chemical scent
· Extraction of water soluble dyes:
· 1. Methylene Blue
· The dye sank to the bottom phase.
· On top of the dye, it was completely transparent. 
· 2. Methyl Red
· Formed a thin brownish layer on the top. 
· The middle was opaque misty grey mixture.
· The bottom was completely transparent.
· The salting out effect:
· The one without the added salt
· The purple dye stayed consistently throughout the entire mixture.
· The one with added salt
· After some time, the purple dye sat firmly at the top of the test tube.
· In the middle, it was translucent.
· The bottom was entirely transparent.

· Separating a mixture with reactive extraction:
· We used Unknown #2.
· Was grainy and a very definite scent that was hard to depict.
· Used 0.80 grams.
· Dichloromethane
· Transparent and volatile
· It took a total of 2 minutes to completely dissolve the unknown compound in the dichloromethane
· To acidify the aqueous extractions, it took a total of 165 drops of concentrated (12 M) HCl (Hydrochloric acid). 
· My partner and I placed our acidified solution in a water bath for a 3 minutes.
· The mass yield from the suction filtration was 1.26 grams. 
· In order to produce the spots of Benzophenone and Biphenyl, we needed to dissolve them in dichloromethane.
· 0.11g of Benzophenone dissolved in 5 mL of dichloromethane. 
· 0.13g of Biphenyl dissolved in 5 mL of dichloromethane.
· The TLCs were put in a solution of 2:8 ethyl acetate to hexanes and it took theses times for them to reach the 1 cm from the top mark:
· Organic TLC: 5 mins 7 seconds
· Aqueous TLC: 6 mins 3 seconds 
· Bi/Ben (Biphenyl/Benzophenone) TLC: 6 mins 3 seconds 
Thin Layer Chromatography: 
· Figure 1:
· TLC plate lanes go as followed (first lane being the leftmost lane): 
· First lane containing Unknown,
· Second lane containing both Organic Solution and the Unknown,
· Third lane containing the Organic Solution 
· Prepared in a solvent system of a 2:8 mixture of Ethyl Acetate (EtOAc) to Hexanes in a developing jar. 
· Figure 2: 
· TLC plate lanes go as followed (first lane being the leftmost lane): 
· First lane containing Unknown,
· Second lane containing both Aqueous and the Unknown,
· Third lane containing the Aqueous Solution.
· Prepared in a solvent system of a 2:8 mixture of Ethyl Acetate (EtOAc) to Hexanes in a developing jar. 
· Figure 3: 
· TLC plate lanes go as followed (first lane being the leftmost lane): 
· First lane containing Biphenyl,
· Second lane containing both Benzophenone,
· Third lane containing the Unknown
· Prepared in a solvent system of a 2:8 mixture of Ethyl Acetate (EtOAc) to Hexanes in a developing jar. 
· Figures 1, 2 and 3. 
	Dot Number 
	Composition
	Rf Value

	1
	Unknown
	0.82

	2
	Unknown and Organic 
	0.82

	3
	Organic
	0.82

	4
	Unknown 
	0.27

	5
	Unknown and Aqueous 
	0.86

	6
	Unknown and Aqueous 
	0.24

	7
	Aqueous 
	0.86

	8
	Aqueous 
	0.20

	9
	Biphenyl 
	0.82

	10
	Benzophenone 
	0.65

	11
	Unknown 
	0.82

	12
	Unknown
	0.35
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Flow Chart of Reactive Extraction:
[image: ]
Table of Result: 
	Unknown #:
	Initial Mass:
	Mass Obtained:
	Compositions:
	Composition %:

	#2
	0.80 grams 
	1.26 grams 
	Biphenyl and Benzoic Acid
	36.5% - Biphenyl 
63.5% - Benzoic Acid



Calculations:
· Rf Values Sample:

x= the distance from the dotted line to the middle of the spot 
y= the distance the solvent travelled from the dotted line to the solid line. 





· Composition:








Discussion/Questions:
Protocol justification:
· Since the manual asked for repeated times of releasing the pressure, we found the ratio of shaking the funnel for 10 seconds then releasing the pressure allowed us to control our experiment as well as not forget. This task was simple but it also allowed my partner and me to have definite areas of our experiment. 
Analysis of Extraction of water soluble dyes: 
· The Analysis of the extractions:
· Methylene Blue:
· My partner and I came to the conclusion that the methylene blue compound is a polar solvent as we detected that it settled in the aqueous layer. 
· Only polar solutes are able to dissolve in polar solvents, therefore Methylene Blue is polar. 
· Methyl Red: 
· Unlike Methylene Blue, my partner and I concluded that the Methyl Red compound was present in the organic layer. This suggests that Methyl Red is a non-polar compound as it did not dissolve in the aqueous solution but dissolved in the organic layer. 
· We were able to make such conclusions and analysis as we determined that the ether was less dense than water which allowed the compound to form a layer on top of the water. Since ether is a slightly polar compound, it will not fully mix with water which is why it forms a separate layer on top, leaving the ether to be the non-polar, less dense organic layer while water is the polar, denser aqueous layer.
The salting out effect:
· The mixture that did not have added salt remained untouched and the entire mixture had the purple dye consistently throughout it. On the other hand, the mixture that did obtain the added NaCl formed two main layers: the layer that contained the dye and the layer that had no dye. One reason why we think this happened is because the NaCl was added which caused the water to bind to it instead of the butanol or dye. This might have happened considering that NaCl is an ionic compound and is more polar than the butanol causing the very polar water to favour its reactions with the salt rather than the less polar compound. This then causes the salting out effect which beaks the bonds of water, butanol and the dye and allows only for the bonds of water and salt to prevail. 



Analysis of separating a mixture with reactive extraction:
· Since the aqueous solution took 165 drops of concentrated hydrochloric acid to acidify, I believe the aqueous solution must have been very basic which could be the result of NaOH solution being added to the extraction twice. 
· Judging from the result of the first two TLCs, the unknown mixture must have been in the aqueous solution as it only appeared in aqueous TLC but did not show in the organic TLC. This also concludes that the extraction worked as it completely isolated the unknown as the unknown was not visible in the organic TLC. This also leads me to believe that the unknown compound is a polar substance as it was dissolved in the aqueous phase rather than the organic phase.  
Source of Error and Possible Amelioration: 
· There are a variety of sources of errors and possible ameliorations that were found. 
· Measurements of the volume.
· This will always be a factor that is hard to control as us humans are using our naked eye to measure. Although we have granulated cylinders that contained measurements for us, it was still had to be completely precise with our measurements.
· A Possible Amelioration: Using a more precise granulated cylinder.
· Using a granulated cylinder of 10 mL would be more preferable as it will allow for more accurate and precise measurement and conclusions of the volume instead of guessing where the volume falls.
· Another Possible Amelioration: Drop detector  
· In future experiments that depends heavily on the amount of drops needed, it would be beneficial but also faster if the students were allowed to use the drop detector. This is allow for precise drop measurements. Yes, we students can count drops, but we also can get distracted or miscount; we are human after all. 
· Questions:
· Why would it be difficult to perform an extraction using ethanol and water?
· It would be difficult to perform an extraction using ethanol and water because they are miscible. Ethanol is polar so and so is water therefore, there would be no organic or aqueous layer as it will only being one solution. This then defeats the purpose of the extraction as there are supposed to be immiscible in order to cause the two separate layers. 
· Would adding NaCl to a test tube containing water, ether and methylene blue increase or decrease the amount of dye in the aqueous layer?
· The addition of NaCl will cause a decrease in the amount of dye in the aqueous layer of this mixture. This is because the presence of NaCl will cause the dissolving of NaCl inside the water rather than the dissolving of the compound due to the polarity of each. The compound with the highest polarity will dissolve with water before the next compound causing the NaCl being dissolved rapidly compared to the Methylene Blue. Therefore the presence of the Methylene Blue dye will decrease. 
· Compound Y has a solubility of 2.0 g/100mL in water and 20.0 g/100mL in ether. What mass of compound Y would be removed from a solution of 1.8g of Y in 100mL of water by a single extraction with 100mL of ether??
· M = (solubility of water / solubility of ether)
· M = (2.0g / 100mL)/(20.0g / 100mL) = 0.10
· M = [(1.8 – Y)/100] / [Y/100] = 0.10Y = 1.64
· 1.64g of compound Y would be extracted from the solution by a single extraction
· What mass of compound Y would be removed from the original water solution in question 3 by two extractions using 50ml of ether each time?
· Extraction One: 
· M= (solubility of water / solubility of ether)
· M= [(1.8 – Y)/100] / [Y/50]= 0.10Y1= 0.30
· 0.30g was removed after the first extraction.
· Mass remaining = 1.8g – 0.30g= 1.50g
· M = [(1.50 – Y)/100] / [Y/50]= 0.10Y2= 0.25
· Total Weight Removed= Y1+ Y2= 0.30+ 0.25g= 0.55g
· 0.55g of compound Y would be extracted from the solution by a single extraction.
· During an extraction a student loses track of which layer is the organic layer. How could she determine which layer is the aqueous phase?
· If the student knows which layer contains the more dense substance, they would be able to determine which layer is which. If that is not an option, the aqueous layer consists of very polar and /or ionic substances. Therefore, in order to find which layer is the aqueous layer, he or she could add Methyl Red. Methyl Red is immiscible with water and most polar substances as it is non-polar and from this experiment was present in the organic layer. Therefore, if the dye is in one layer and not the other, the other layer is the aqueous layer. 
· Describe how you would separate a mixture of benzyl amine (an organic base) and naphthalene. Both compounds are insoluble in water and soluble in ether.
· First, Neutralize the Benzyl amine by putting it in a mixture of benzyl amine, ether and naphthalene and add a strong acid such as Hydrochloric acid (drop-wise). This will cause both the benzyl amine and naphthalene to dissociate which will allow for the dissolving of Benzyl amine in the aqueous layer as it is a polar substance due to the dissociation reaction and the naphthalene in the organic layer as it has not been affected. 
· Second, perform the extraction process by extracting only the aqueous phase. 
· Third, add a strong base such as NaOH to the aqueous solution as this will cause the Benzyl amine ions to restore to its original state of Benzyl amine. 
· Fourth, through suction filtration, the salt will be extracted out leaving the pure substance of Benzyl amine. 
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