Lab #1
Extraction, Recrystallization, and Thin Layer Chromatography
 of Bezoic Acid and Benzil
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1- Theory and Mechanism
Extractions and recrystallizations are common techniques used to separate and purify mixtures of various compounds by taking advantage of their acid-base and differential solubility properties. The mixture to be extracted and purified consists of two organic compounds, benzoic acid and benzyl. Under neutral conditions, both are highly soluble in organic solvents such as dichloromethane and relatively insoluble in polar solvents such as water. The carboxylic acid functional group of the benzoic acid allows for easy deprotonation in basic conditions and stabilization of the negative oxygen charge by resonance, therefore a change from a neutral compound to a polar one. With benzyl unchanged, in the presence of an organic and aqueous solvent, the newly formed sodium benzoate will now be more readily soluble in the aqueous phase. The two phases can now be separated, which will contain either the sodium benzoate or the benzyl. Benzoic acid can be recovered simply from protonating the carboxylic acid, changing its chemical properties back to a neutral compound, which is insoluble in water.

   

      



Once the compounds have been separated, the mixtures are then purified by recrystallization. Due to compounds differential solubility in hot and cold solvent systems, when the compound is heated in a minimum of solvent chosen specifically for that compound, as the solvent cools, structured aggregation of the molecules will form a crystal lattice, known as recrystallization (since initially the mixture of compounds were in crystal form prior to dissolving them). If any visible impurities are present, the warm solution can first be filtered prior to crystallization. The final purification step simply involves recovering the crystals, which can be achieved by suction filtration and a drying step.

To assess the efficiency of the separation, a process known as Thin Layer Chromatography (TLC) is used. TLC consists of two components: a stationary phase (the silica gel) and a mobile phase (a solvent of choice).  Samples are loaded onto the bottom of the silica gel. In this case the samples loaded are the starting material, the final product and a co-spot containing the initial and final mixture. When the bottom of the TLC plate is placed in the solvent, by capillary action the solvent moves up the silica gel causing migration of the loaded samples. The rate of migration will depend on the interaction of the compounds with the gel and solvent. The polar silica will favour interactions with polar compounds while the solvent, which often has a large organic solvent ratio, will interact mostly with organic compounds. Therefore, the more polar a compound is, the less migration should be observed. Visualization of the spots can be done a number of methods, but in this case, detection will be done under a UV light. By comparison of the relative migration distances (Rf), separation efficiency is determined by comparison of the final product with the original mixture. Rf values can be calculated as described:


Finally, compound purity can be further assessed by determining its melting point. Simply, the melting point is when the compound reaches the temperature at which it changes from the solid to liquid state. Either the melting point or melting range can be determined. Melting ranges, the temperature at which the compound begins to transition and ends, offers more flexibility in assessing purity as it covers more degrees than a discrete temperature. By comparison to literature values, higher or lower observed melting points can indicate impurities within the purified crystal.



2- Table of Reagents
Part A. Extraction and Recrystallization
	Reagent
	Molar Mass (g/mol)
	Quantity
	Density (g/mL)
	mmol
	Equivalence

	Water
	18.02
	901mL
	1.00
	N/A
	excess

	CH2Cl2
	84.93
	22mL+
	1.33
	344.52+
	N/A

	NaOH
	40.00
	5mL
	-
	N/A
	N/A

	HCl
	36.46
	5ml+
	-
	N/A
	N/A

	Ethanol
	46.07
	5mL
	0.789
	85.76
	N/A

	Benzoic acid
	122.12
	0.6 g
	-
	4.91
	N/A

	Benzil
	210.23
	0.4 g
	-
	1.90
	N/A

	Na2SO4
	142.04
	1.0g
	-
	7.04
	excess




Part B. TLC
	Reagent
	Molar Mass (g/mol)
	Quantity
	Density (g/mL)
	mmol
	Equivalence

	Hexane
	86.18
	-
	0.655
	N/A
	variable

	Ethyl acetate
	88.105
	-
	0.894
	N/A
	variable

	Triethylamine
	101.19
	-
	0.726
	N/A
	N/A




3- Experimental Procedures

Refer to pages 1-10 of CHM 2523 Organic Chemistry Laboratory II manual (McGilvray, 2011)

Modifications:

Part A- Extraction and Recrystallization of benzoic acid and benzil
· After recovery of the benzoic acid, the filtered solution was recrystallized since the solution had not been acidified enough
· Dissolving the Benzil post isolation was performed in 5 ml of a 5:1 mixture of ethanol to water instead of the suggested minimal solvent volume
· Recrystallization of benzyl was initiated kind of by seeding. The solution was placed in the ice bath shortly which initiated recrystallization and then removed to continue normal recrystallization process.

Part B- TLC
· Superposition of samples on the TLC plates was performed since on the initial loading of the samples, no triethylamine was added to the benzoic acid samples for the 9:1 and 1:9 hexane: ethyl acetate mixtures.
· TLC plates were not visualized by reaction with the iodine crystals
· Solvent fronts of the TLC plates were not let to elute until 5 mm form the top, but to various distances for each individual plate.

4- Observations

	Part A- Extraction and recrystallization of benzoic acid and benzyl
	Important Steps
	Observations

	Dissolution of benzoic acid and benzyl mixture
	Except for a few white specs which took some time to dissolve, remaining mixture dissolved easily producing a pale yellow solution

	Addition of 10 mL 2M NaOH to the separatory funnel with CH2Cl2
	Two phases were formed. Top layer (aqueous) was clear and the bottom (organic) was a cloudy, oily yellow.

	Post-separation of the organic and aqueous layers
	Could see some very pale yellow color in the aqueous phase as well as some minor visible impurities in both layers

	Dropwise addition of HCl to the aqueous phase
	White precipitate formed as more HCl was added. Flask would heat up with addition of HCl.

	Suction filtration of the benzoic acid
	White powder with minor visible impurities (i.e. hair) and remainder of liquid drained into the waste flask.

	Addition of the Na2SO4 to the organic phase
	White flakes formed at the bottom of the flask

	Recrystallization of the benzoic acid
	As temperature cooled, solution became cloudy due to snowflake type structures beginning to form and growing.

	Recrystallization of benzyl
	Evaporation of organic layer yielded a dense yellow solution (not a paste or solid though). Yellow specs began to appear and then started growing needle extensions outward as solution cooled


	PartB- TLC
	Important Steps
	Observations

	Loading samples on the TLC plate
	Samples got absorbed by the plate and dried rather quickly

	Initiation of the TLC
	Solvent quickly began climbing up the TLC plate

	During the TLC
	Solvent elution moderated the higher up the plate it went

	UV visualization of the TLC plate
	Spots with a bluish hue were observed on the TLC plates in three lanes (corresponding to the spots loaded in the beginning)




5- Results

	Compound

	Appearance
	Mass (g)
	Yield (%)
	Experimental Melting Point (°C)
	Literature Melting Point (°C)

	Benzoic Acid
	Clear shiny flakes
	0.24
	40.0
	133.2 – 138.1
	122.4

	Benzil
	Yellow needles/powder
	0.16
	40.0
	114.6-125.4
	95.0


Note: The sample vial containing the original mixture was labelled 119







TLC PlatesLegend:

BA:  Isolated benzoic acid

B: Isolated benzil

C: Co-spot (BA + B)
               = solvent front
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Table of Rf Values

	
	4:6 Hexanes:EtOAc
	1:9 Hexanes:EtOAc
	9:1 Hexanes:EtOAc

	
	Rf1
	Rf2
	Rf1
	Rf2
	Rf1
	Rf2

	Benzoic Acid
	0.833
	0.729
	0.595
	0.167
	0.462
	0.000

	Benzil
	0.896
	N/A
	0.595
	N/A
	0.5
	N/A

	Co-Spot
	0.833
	0.729
	0.595
	0.476
	0.462
	0.000




6- Calculations:
a) mmol’s of benzoic acid
mass = 0.6 g, Molar mass = 122.12 g/mol



b) % yield
Final mass of benzoic acid = 0.24 g, final mass of benzyl = 0.16 g, initial mass of mixture = 1.00 g, final total mass = 0.4 g
If we assume that the final observed ratio between benzoic acid and benzyl is the same as in the original mixture, then it should follow this:



Now for the percent yield,


Since the ratio assumes that the amount in the beginning is proportional to the amount we got at the end, the percent yield applies also to benzyl.
c) Rf1 value of benzoic acid in 4:6 Hexanes:EtOAc
Distance travelled by sample = 3.5 cm, distance travelled by solvent front 4.8 cm




    







7- Flow Diagram

Step 4: Evaporate the dichloromethane and recrystallize with a mixture of EtOH:H2O (5:1)
Step 5: Suction Filtration
Step 1: Add a solution of NaOH and extract
Step 2: Add concentrated HCl
Step 3: Suction Filtration
Benzoic acid and benzil mixture dissolved in CH2Cl2
A.  Organic phase:
Contains Benzil
B. Aqueous phase: Contains sodium benzoate, Na+ and OH-
Solid benzoic acid crystals (flaky and white)
Na+, Cl-, H3O+, and H2O
Solid benzyl crystals as needles (yellow)

Mechanism for step 1:


Mechanism for step 2:




8-Discussion
Through an extraction and recrystallization, benzoic acid and benzyl was isolated and purified from an original mixture of both compounds. The experimental weight of both benzoic acid and benzyl after they were isolated was 0.24g and 0.16g respectively, giving them an experimental ratio from the original mixture of 1.5. From an original weight of the mixed compounds of 1.00g, the final combined yield was only 0.40g, which translates only to a 40% recovery yield assuming the final benzoic acid to benzyl ratio is correct. Since the original ratio of benzoic acid to benzyl is not known, the only way to determine the proportions of each in the original 1.00g that was weighed is by using the experimental ratio that was determined at the end of the experiment once both benzoic acid and benzyl were obtained and weighed. From there, the original weight of both compounds that was extracted and recrystallized can be determined. The major assumption is that the ratio obtained at the end of the experiment is the same as the one achieved at the end, which is wrong to do since the two products were involved in separate reactions and purifications, each with their own sources of error. In the case of benzoic acid, a major issue was choosing the right amount of HCl to add to the aqueous phase in order to precipitate the benzoic acid. Worried not to saturate the system with too much HCl and forming salts, the reaction was stopped to early, leaving much product in solution. Realizing that not much benzoic acid was obtained in the filtration step, the filtrate was recovered and acidified in order to precipitate the remaining benzoic acid, but it is obvious that not all was recovered in the attempt. Benzoic acid was also lost after recrystallization in attempting to empty it from the Erlenmeyer flask as well as form the filter paper after drying. Without the proper instruments, much product was left at the bottom and on the sides of the flask and filter paper. Similar situations occurred for benzyl recrystallization. In addition to not being able to recover all the product, evaporation of the solvent to obtain a paste or solid in the heating step for recrystallization of benzyl was not achieved, which consequently affected the recrystallization yield of benzyl. Note however that the crystals that were achieved were characteristic of what they should resemble in pure form (i.e. white shiny flakes for benzoic acid and yellow needles for benzyl) indicating that despite the low percentage yield, the final products were most likely pure.

To test the purity and efficiency of the separation, the final samples were subject to Thin Layer Chromatography (TLC).  In the 4:6 Hexanes:EtOAc solvent system, the co-spot obtained an Rf value of 0.833 and 0.729 indicative that two products are present in the sample. Since in the co-spot, both benzoic acid and benzyl are present, and since benzoic acid is more polar than benzyl, it will interact more favourably with the silica plate than benzyl suggesting that benzoic acid is the spot with Rf 0.729, while benzyl is the one with 0.833. Comparing the co-spot with that of benzyl alone which has only one Rf of 0.896 (close to 0.833) it can be said that this sample is pure and contains only benzyl and good separation was performed for the organic phase. On the other hand, the benzoic acid spot contained two spots with Rf values of 0.833 and 0.729, which are identical to those of the co-spot. This results questions the efficiency of the separation of the aqueous phase suggesting that some benzyl is present in the final product. Fortunately, the size of the spot for the observed benzyl contaminant is relatively small when compared to its benzoic acid counterpart indicating not too much contamination of the benzoic acid has occurred, but contamination nonetheless. 

   	A method to confirm and support whether or not the compounds are pure is by determining their melting points. In this case the melting point profile (i.e. range) was taken in order to leave room for a margin of error/compensation since the presence of impurities causes the melting point ot deviate and become more of a range. The melting ranges for benzoic acid and benzyl were of 133.2-138.1 °C and 114.6-125.4°C, respectively. Unfortunately, when compared to literature values, benzoic acid has a melting point of 122.4°C and benzyl has a melting point of 95°, which corresponds to melting point discrepancies of benzoic acid and benzyl as high as 25°C. A major source of this error is due to the fact that the “Rapid Heat Switch” was on, increasing the temperature too quickly and therefore (as the manual states) can cause for difference of apparent and observed temperatures by as much as 15°C. Even having accounted for this temperature difference the melting ranges would still be a little higher than the literature values, especially since benzoic acid contains a bit of benzyl, should observe it melting at a slightly lower temperature. Impurities usually cause decrease in melting temperature, hence the only logical error was that too much of the sample was loaded in the capillary tube taking more time to see the melting (as in snowflakes melting versus a whole block of ice). 

Lastly, the effect of different solvent systems on TLC plates was observed by using highly polar versus highly apolar solvents. In the first system where a 9:1 hexane:EtOAc mixture was used, suggesting that the polar compounds will not favour interactions with the low EtOAc content and more to the polar silica plate, the observed Rf values are all lower than the 4:6 Hexane:EtOAc system, supporting the fact that the compounds were migrating up the plate slower. The only suspicious Rf value is that for the benzoic acid, which only has an Rf of 0.167. This is due to the addition of triethylamine to the sample, which acts as a base and facilitates the movement of the labile proton on the carboxylic acid, making benzoic acid even more polar and hence interact more with the silica plate, which is the reason for its low Rf value (We are aware that no triethylamine should have been added to this solvent system). For the 1:9 Hexane:EtOAc solvent system due to the higher polarity of the solvent, polar compounds should interact considerably more with the solvent than in the other TLC’s and therefore have higher Rf values, but the benzoic acid did not move at all. Although this is most likely due to the fact that the TLC was not left to develop enough (as observed by the low solvent front) the addition of triethylamine also increases the interaction of benzoic acid to the polar silica plate, as described above. The 1:9 Hexane:EtOAc ratio did demonstrate that with low doses of non-polar solvent, mostly non-polar compounds such as benzyl will not interact with either of the phases and migrate slower up the TLC plate. Overall, it can evidently be seen that many mistakes were done throughout the lab affecting the final compounds purity, but proof of concept was achieved by successfully separating the compounds and purifying them enough for recrystallization to occur.   
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