Experiment 1. Extraction and Tin Layer Chromatography

Introduction:

	A commonly used technique in organic chemistry laboratories is extraction. Extraction is used to disassociate different compounds in a chemical mixture. The technique uses the solubility of the chemicals and the differences they display in immiscible solvents, which are two liquids that do not mix. The separation of the chemicals components are called phases in many cases the phases are water and an organic solvent. In this technique, the organic compound is moved between phases as a method to detract impurities and make the sample more natural. A major piece of equipment used in extraction is a separatory funnel. The funnel mixes the compounds through shaking which creates a gas that has to periodically be released. One the mixing has occurred; the funnel is left to settle revealing two separated layers. The solvent used in extracting the elements is key to determining which layer is the organic and which is the aqueous phase. In this lab, dichloromethane was one of the solvents used. In most experiments, the organic solvent layer is found on the top and the aqueous layer on the bottom, as the organic layer is less dense than water. However when using a chlorinated solvent like the one used in this experiment, the organic solvent is more, dense than water. Therefore, the organic phase is found in the bottom layer and the aqueous layer is found on the top layer. The addition of a base to the liquid in the separatory funnel produces a water-soluble ionic salt from reacting with the carboxylic acid in the dichloromethane solvent.  Once the two phases have become visibly separated, the layers should be separated into different containers for use later. The process of using the separatory funnel should be repeated using the aqueous phase a couple more times to make sure all the organic solvent is extracted. In ineffective extraction experiments, a technique called salting out can be used to further the separation. The addition of salt forces the organic solvent out of the water phase using increased ionic charges from the salt addition. 

	A technique closely related to extraction is chromatography.  They are similar; as they both involve the solubility of solvents separating into different phases.  In the experiment performed, a specialized technique was used called thin layer chromatography (TLC). This technique involves a metallic plate coded in silica gel, which is called the stationary phase. Silica is a polar compound that attracts other polar compounds found in the organic compound. The experiment works by placing a small spot of the compound at the bottom of the silica plate using a capillary and allowing the sample to dry. The plate is then put in a container filled with a mobile phase. A lid must be placed on the container to prevent the mobile solvent from evaporating. The solvent must not be deep enough to surpass the spot initially or the sample will dissolve in the solution. The mobile phase will travel up the stationary phase carrying the components of the compound with it separating along the way based on affinity, leaving a spot on the plate. Once the mobile phase has made it approximately 1 cm from the top of the plate, remove it from the container and let it evaporate off the plate.  After the plate is dried, placing it under a UV light will make the spots fluorescent. A pencil can be used to gently trace the spots onto the plate. The Rf value measures the movement of the compounds across the TLC plate through the polarity of each spot. The Rf value can be found using the equation:

[1] Rf = d1/ds

The d1 represents the displacement of the compound and the ds represents the displacement of the solvent from the point where the sample was placed until the point the mobile solvent reached before removing the plate. The more polar a component is, the farther it will travel up the TLC plate. 

Procedure:

Part A: Extraction of Water Soluble Dyes

1. The TA demonstrated the Section A of the experiment. Students recorded observations. 

Part B: Identifying the Components of an Unknown Mixture Using TLC

1. 10 ml of a 2:8 mixture of EtOAC and hexanes were added to developing jar A and covered with a lid
2. 2 TLC plates were prepared by marking the reference, co-spot, and sample spots creating lanes on a line drawn approximately 1 cm from the end of the plate 
3. An unknown sample labeled 92 in blue was obtained and 10mg of the sample was dissolved in 2 ml of dichloromethane, labeling the test tube 
4. A capillary was used to spot the unknown sample solution mixed with dichloromethane onto the sample spot and co-spot points on the TLC plates
5. Use another capillary to spot benzophenone onto the reference and co-spot on one TLC plate
6. Use another capillary to spot biphenyl onto the reference and co-spot of the other TLC plate
7. Both labeled TLC plates were placed into the developing jar, the silica coded side facing the middle, and then recovering the jar with a lid. This allowed the mobile phase to move up the silica 
8. Once the mobile phase was approximately 1cm from the top of the TLC plates, they were removed from the jar and allowed to dry
9. Once dry, the TLC plate was viewed under a UV light and a pencil was used to lightly trace the spots that highlighted fluorescent under the light
10. The Rf value was measured for each spot on the plate 

Part C: Effect of Solvent on TLC

1. 10 ml of ethyl acetate was added to a developing jar labeled jar B and covered with a lid
2. 2 more TLC plates were prepared using the same method as in Part B (steps 2-6)
3. Steps 7-10 from Part B were repeated but using the developing jar labeled jar B rather than jar A
4. The contents of developing jar B were discarded and the equipment clean then refilled with 10ml of hexanes and covered with a lid
5. 2 more TLC plates were prepared using the same method as in Part B (steps 2-6)
6. Steps 7-10 from Part B were repeated but using the developing jar labeled jar B rather than jar A

Part D: Separating a Mixture with Reactive Extraction 

1. 100mg of the mixture containing benzophenone and benzoic acid were obtained and placed in a 50 ml Erlenmeyer flask then mixed with 10ml of dichloromethane which was swirled to dissolve the mixture
2. The solution was then poured into a separatory funnel and rinsed with 5ml of dichloromethane 
3.  10 ml of 2M NaOH was added to the separatory funnel. The funnel was then stopped and inverted and shook for 15- 30 seconds periodically removing the stopcock to vent the mixture, then was re stopped and the action was continued 
4. The separatory funnel was placed on a wooden rack to let settle into the different phase
5. The stopcock was removed and the layers were then drained into separate containers 
6. The bottom layer (organic phase) was then used to repeat the steps 2-5, 2 more times
7. 2 TLC plates were then prepared in the same manor as Part B but the mixture was used to spot on the reference and co-spot points. The organic phase was used as the sample and co-spot 1 TLC plate and the aqueous phase was used as the sample and co-spot on the second plate
8. Both plates were developed in the 2:8 mixture of EtOAC and hexanes and visualized using the steps 8-10 from Part B

Observations:

Part A: Extraction of Water Soluble Dyes

-When methylene blue was added: water in bottom layer, ether in top layer, dye preferred bottom layer (water)

-When methyl red was added: water in bottom layer, either in top layer, dye preferred top layer (ether)
-Water was denser than ether

-When both were added together: top was red and bottom was blue

Salting Out

-Without Salt: Purple dye was in both layers, butanol on top and water on bottom

-With Salt: Dark purple coloured dye in top layer (butanol) and clear water in bottom layer

Part B: Identifying the Components of an Unknown Mixture Using TLC

-Benzophenone and Unknown 92 Blue TLC plate: Reference spot ( Benzophenone ) stopped before the unknown 92 blue sample, which stopped at the end of the plate, reference was less polar than the sample 
-The Rf value of the top spots for the co-spot and sample spot from left to right is 0.8 and 0.8. The Rf value of the bottom spots for the reference spot and the co-spot from left to right is 0.75 and 0.75.

-Biphenyl and Unknown 92 Blue TLC plate: All spots were in a straight row; all spots had the same polarity stopping at the end of the plate
- The Rf values of the spots from left to right are 0.9,0.9, and 0.9.

Part C: Effect of Solvent on TLC

-Pure EtOAC eluent TLC plates: compounds were at the top of the plate in a straight row, effect of changed solvent appeared to go further and quicker in both plates
- The Rf values on plate 1 (shown in sketch) of the spots from left to right are 0.9, 0.9, and 0.9.
- The Rf values on plate 2 (shown in sketch) of the spots from left to right are 0.9, 0.9, and 0.9.

-Pure Hexanes eluent TLC plates: compounds were slightly skewed but generally in a straight row with the reference sample showing a slightly higher polarity from the co-spot and sample spot, effect of changed solvent appeared to progress slower and only travel half way up the plate (shorter distance)
- The Rf values on plate 3 (shown in sketch) of the spots from left to right are 0.5, 0.5, and 0.5.
The Rf values on plate 4 (shown in sketch) of the spots from left to right are 0.6, 0.5, and 0.5.

Part D: Separating a Mixture with Reactive Extraction 

-Organic Phase and the Mixture (Benzphenone and Benzoic Acid) TLC plate: the reference spot and co-spot was made too big so the spots separated into 2 sets and the bottom spots did not move up the plate very much 
-The top spots did move up the to the top of the plate 
-There was also a mistake with the sample spot and it seemed it was not placed
-it was not placed because the spots evaporate off the plate and was mistakenly thought it was already put on 
- The Rf value of the spots from left to right are 0.7, 0.7 and 0.7.

-Aqueous Phase and the Mixture (Benzphenone and Benzoic Acid) TLC plate: the reference spot and co-spots were again made too big leaving a set of bottom spots close to the base line and a set of top spots that were at the end of the plate in a straight row with the sample spot 
- The straight row showed all spots had the same polarity
- The Rf value of the spots from left to right are 0.7 and 0.7.

Calculations:

                      Rf = d1/ds

Example: 

	         Rf = d1/ds
	         Rf= 4.8/5.4
	         Rf= 0.9

	Part B
	Rf Value

	TLC Plate 1(Benzophenone): Reference Spot
	0.75

	TLC Plate 1(Benzophenone): Co-Spot
	Top: 0.75 Bottom: 0.8

	TLC Plate 1(Benzophenone): Sample Spot
	0.8

	TLC Plate 2 (Biphenyl): Reference Spot
	0.9

	TLC Plate 2 (Biphenyl): Co-Spot
	0.9

	TLC Plate 2 (Biphenyl): Sample Spot
	0.9

	Part C
	

	TLC Plate 1(EtOAC): Reference Spot
	0.9

	TLC Plate 1(EtOAC): Co-Spot
	0.9

	TLC Plate 1(EtOAC): Sample Spot
	0.9

	TLC Plate 2(EtOAC): Reference Spot
	0.9

	TLC Plate 2(EtOAC): Co-Spot
	0.9

	TLC Plate 2 (EtOAC): Sample Spot
	0.9

	TLC Plate 3 (Hexanes): Reference Spot
	0.5

	TLC Plate 3(Hexanes): Co-Spot
	0.5

	TLC Plate 3(Hexanes): Sample Spot
	0.5

	TLC Plate 4(Hexanes): Reference Spot
	0.6

	TLC Plate 4 (Hexanes): Co-Spot
	0.5

	TLC Plate 4(Hexanes): Sample Spot
	0.5

	Part D
	

	TLC Plate 1 (Organic): Reference Spot
	0.7

	TLC Plate 1 (Organic): Co-Spot
	0.7

	TLC Plate 1 (organic): Sample Spot
	0.7

	TLC Plate 2 (Aqueous): Reference Spot
	0.7

	TLC Plate 2 (Aqueous): Co-Spot
	0.7

	TLC Plate 2 (Aqueous): Sample Spot
	Was not applied




Questions:

1. –Increase in polarity of solvent system means all components of the mixture move faster to the finished spot 
2. –Refer to next page for answer
3. – An extraction using water and ethanol would be difficult because ethanol is soluble in water
-There wouldn’t be defined layers, as the two compounds would be intermixed 
4. – The addition of NaCl would decrease the amount of dye in the aqueous layer through the salting out effect
-The salting out effect would force any organic phase out of the aqueous layer 
5. -Refer to next page for answer
6. –Refer to next page for answer
7. –The student could find out which layer is the aqueous phase by adding water to each phase
    -The water will not dissolve in the organic phase but it will in the aqueous phase
8. –By adding an acid, a salt will form that is soluble in the aqueous phase 
     -After adding an acid the benzyl amine will become charged and be soluble in the aqueous phase which would create two separate layers one aqueous (benzyl amine) and the other organic (naphthalene)











2. a) Benzyl Alcohol will have the smallest Rf value because it is the most polar, having the most OH bonds and is more attracted to the polar silica coding on the TLC plate. 
       [image: ]          [image: ]

Benzyl Alcohol		        Benzaldehyde
[image: ]

			Benzyl Acetate

b) Aniline is the most polar compound which adheres it to the gel more keeping the Rf value low.
                  [image: ]                 [image: ]      [image: ]
                     Aniline		N, N-dimethylaniline            Napthalen


c) Benzoic Acid would have the smallest Rf value because it has the most OH bonds and is the most polar meaning it would not travel as far on the polar gel.             [image: ]        [image: ]     
             Benzophenone			        Biphenyl
                                             [image: ]
				Benzoic Acid

Discussion:

Part A: Extraction of Water Soluble Dyes

	The methylene blue dye preferred the water, as that was there it was soluble. The water was also on the bottom because it is denser than ether. The methyl red dye preferred and was soluble in the ether. The ether was on the top as it is less dense than water. Therefore the methyl red dye was also less dense than water. When added together, the methylene blue was on the bottom and the methyl red was on the top. Through those experiments it could be concluded that the methyl red is less dense than the blue methylene. 
	
	In the salting out experiment, the test tube before the salt was added appeared to not have distinct layers as the dye went all throughout the liquid. When the salt was added, the butanol turned a dark purple colour and the components of the test tube proceeded into spate layers. The butanol was on the top and the water, which had turned clear, was on the bottom. This occurred because the salt forced any organic particles out of the aqueous phase due to increased ionic strength in the water or aqueous phase. 	 

Part B: Identifying the Components of an Unknown Mixture Using TLC

	The results of the Benzophenone TLC plate reveled there to be 4 spots. The spots appeared in 2 sets of 2 spots. The reference and bottom co-spot spots stopped before the top co-spot and sample spots. It can be concluded that the reference spot of benzophenone is more polar than the sample spot and co-sample spot of the unknown 92 blue samples. This is seen through the different Rf values that were calculated. The reason for 4 spots is because the co-spot divided into the separate samples put on the point. It separated into the reference spot and the sample spot.

	The Biphenyl TLC plate reveled 3 spots in a straight across row. All the spots having the same Rf value shows that they have the same polarity. The components are non polar because they all reached the top. When comparing the different reference samples used, we see that the unknown mixture is likely to be non polar and similar to or is biphenyl. 

Part C: Effect of Solvent on TLC

	The use of pure EtOAC as the eluting solvent effected the spots by making them go farther up the plate at a quicker rate. The Rf values of both plates were the same, 0.9. When comparing these to the results in Part B, it is thought to be less polar and is able to pull all the spots to a farther distance. This is shown through the difference between the Rf values of the Benzophenone plate. 

	The use of pure Hexanes as the eluting solvent effected the spots by making them go slower and stop after only travelling a short distance. The Rf values for these plates were significantly lower than the pure EtOAC and the mixture of the EtOAC and Hexanes in the 2:8 ratio. The Rf values only reached as far as 0.6 for one spot while the rest only made it to 0.5. The one spot that reached the highest was the reference sample of the Benzophenone plate. This shows the hexanes solution was more nonpolar than the EtOAC solvent.  

Part D: Separating a Mixture with Reactive Extraction
	
	The TLC plate that contained the organic phase reveled 5 spots under the UV light. There were 3 spots in a straight across row as the top spots and 2 spots in the reference and co-spot spots. The reason for the bottom row of spots is over spotting the TLC plate, which left the reference spots and co-spots with 2 sets. The bot 2 spots were just residue and were not used in for calculation. The Rf values of the spots on the organic phase plates showed the organic was mainly nonpolar but was slightly polar. This was shown buy how far it travelled up the plate. 

The TLC plate that contained the aqueous phase reveled 4 spots under the light. All 4 spots occurred under the reference and co-spot spots. This is because of a mistake made in the preparation process. The sample spot was not put on before developing the plate and therefore no sample spot showed up to compare with the reference spot. This happened because once the spots are placed in the base line, they evaporate within about 30 seconds. The sample spot was believed to have already been put on but was not due to mistaken forgetfulness. The reference spot and co-spot also were over spotted again leaving an extra set of spots at the bottom just after the base line. Which were residue and did not count as actual spots to be calculated. The Rf values for the top row are all 0.7. The reference and co-spot spots have nothing to be compared to and therefore are not usable. The Section D was incorrectly preformed and accurate conclusions cannot be made from the data. 
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