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Introduction: 

	This lab introduces two important procedures, thin layer chromatography and extraction. 

	There are different types of chromatography however in this lab liquid chromatography is used to verify the identity of an unknown compound. The TLC consists of a stationary phase, the silica gel on the surface of the TLC plate, and a mobile phase, the solvent in the developing jar. The mobile phase is the non-polar part and it is observed travelling up the TLC through capillary action and removed from the jar when it reaches the line drawn. Examining the results under UV light after the TLC has dried the spots are recorded. The Rf value can be calculated using the equation below: 

Rf =  length travelled by the compound
       Length travelled by the solvent
	

	Extraction is a technique used to separate different compounds in a mixture. This model consists of two immiscible liquids; an aqueous and organic phase. This method allows the organic compound to dissolve in the organic phase and the inorganic compounds and impurities dissolve in the aqueous phase. In simpler words, the desired compound is moved from one phase to another in order to eliminate impurities. This is most efficient with the aid of an instrument and in this lab a separatory funnel is used. 

	A process known as “salting out” aids further extraction, as the organic compound is partly water-soluble and still contains water. The water is removed by adding a drying agent, a salt which ultimately pushed the organic material into an organic layer. This salt readily forms hydrated crystals and these drying agents are later filtered. 

	
	The reaction of an organic acid with a base produces ionic salts, which are water-soluble. The reaction mechanism for this experiment includes carboxylic acid reacting with aqueous solution sodium hydroxide, ultimately converting the acid to its conjugate base. This explains how acid-base reactivity is used to separate acidic, basic and neutral compounds. The fact that the conjugate base is charged and therefore water-soluble allows the extraction to occur. When the carboxylic acid must be recovered, the material is recovered by adding a concentrated acid to the aqueous phase (HCL). HCl donates a proton to convert the carboxylate salt to carboxylic acid. After the phases are separated, the charged organic materials are recovered by adding acid or base to regenerate the neutral organic forms 


Procedure: 

	Refer to lab manual CHM 1321 Lab Manual 2013, pages 19-21 for procedure. Steps were carried out exactly as described, however part D was not completed. 

Observations: 

	Part A: Extraction of water-soluble dyes.

	Appearance of layers with methylene blue added
	Thick ring of separation, purple on top, light blue at bottom

	Appearance of layers with methylene red added
	Thin color separation, yellow on top, pink at bottom

	Appearance of layers upon mixing methylene blue and red solutions
	Light yellow on top with turquoise in the middle and dark blue on the bottom


Salting out
	Appearance of tube without salt
	Clear, purple and opaque continuous solution, darker layer on top

	Appearance of tube with salt
	Thick, purple on top, clear and foggy white on the bottom, more white at very bottom floor (salt) 



Ether provides a enjoyable scent and each test tube retained consistent colors for length of experiment observations. 
 Table of reagents 
.
	Compound
	Molecular Weight
(g/mol)
	Amount added
	Density (g/mL)
	Mmol

	Ether
	74.12 g/mol
	1 mL
	
	36.99

	Water
	18.020 g/mol
	1 mL
	1.0
	 

	1-butanol
	74.12 g/mol
	0.5 mL
	0.81
	 

	Methylene blue solution
	 
	1 drop
	 
	 

	Aqueous crystal violet
	 
	1 drop
	 
	 

	NaCl
	58.44 g/mol
	 
	2.17
	 



Part B: Identifying the components of an unknown mixture

Reaction took place in closed jar and solution travelled up TLC plate fairly quickly, no scent was observed from experiment. After the TLC plates dried the UV light revealed bright pink spots and were continuously placed upon multiple trials. Smaller the drop added = more precise results under UV.  
 Table of reagents

	Compound
	Molecular weight
(g/mol)
	Amount added 
	Density
(g/mL)
	mmol

	Dichloromethane
	84.93
	2.00 mL
	1.33
	0.170

	Benzophene
	182.12
	10.0 mg
	1.11
	1.82 x10^-3

	Biphenyl
	154.21
	10.0 mg
	1.04
	1.54 x 10^-3

	Ethyl acetate
	88.11
	2.00 mL
	0.897
	0.176

	Hexane
	86.18
	8.00 mL
	654.8
	0.689


Part C: Effect of solvent on TLC
In ethyl acetate both the benzophenone and biphenyl travelled far up the TLC plate extremely quickly. In hexane biphenyl travelled a small distance but benzophenone did not travel at all. Pink dots were very easy to distinguish with both. 

Table of reagents

	Compound
	Molecular weight
(g/mol)
	Amount added
(mL)
	Density
(g/mL)
	mmol

	Ethyl acetate
	88.11
	10.0
	0.897
	0.881

	Hexane
	86.18
	10.0
	654.8
	0.862


Part D: Separating a mixture with reactive extraction

[bookmark: _GoBack]Unfortunately did not have sufficient time to complete part D, no observations. taken. 

Table of reagents

	Compound
	Molecular weight
(g/mol)
	Amount added
	Density
(g/mL)
	mmol

	Dichloromethane
	84.93
	20.0 mL
	1.33
	1.70

	NaOH
	40.0
	30.0 mL
	2.13
	1.20

	Na2SO4
	142.04
	1.00 g
	2.66
	0.142

	HCl
	36.46
	3 drops
	
	



Discussion: 

Part A: 

This part of the experiment determined if the extracted water-soluble dyes were organic or aqueous. The organic phase lies on top of the aqueous phase. The aqueous phase was the water and organic phase was the ether. As methylene blue was added, it would move to the aqueous phase and when methylene red was added it would have moved to the organic phase. Extraction between water and ether is a good way to separate the mixture of methylene blue and red because the contents of the two tubes were combined and the formation of the two distinct immiscible layers occurred. The salting out effect allowed the tube without the salt to become purple. Adding NaCl increases the ionic strength of water which pushes the components out of the aqueous layer. This results in more pure extraction of the crystal violet and 1-butanol made. In order to improve this experiment it should be repeated multiple times and ensured that the tubes are completely free of water particles before completing experiment. 

Part B  

The compounds of the unknown mixture can be identified using the TLC technique. The TLC plate consists of three spots. Unknown sample number 2 was used in this part. The spots correspond to the unknown mixture, biphenyl, and benzophenone solutions. The reference for the first plate explains benzophenone, and for second plate biphenyl. The co-spot is the mixture of each compound with the unknown compound. The capillary action allows the mobile phase to move through the silica gel, which is the stationary phase. A cover on the developing jar prevents the solvent from evaporating. It can therefore be assumed that the unknown sample contains biphenyl. 

PART C 

This part of the experiment shows the effect of different solvent systems. The polarity of the solvent determines which compound rise faster than others. Ethyl acetate is very polar and therefore the polar compounds travels quickly up the plate compared to the non-polar hexanes. This is a result of the “like dissolves like” theory. Non polar molecules travel faster in silica gel and therefore have higher Rf values compared to polar molecules. Comparing TLC plates we conclude that benzonphenone is non polar, biphenyl is polar and our unknown mixture is non polar.  


PART D 

Using the separatory funnel apparatus an extraction procedure is performed in this section. The solution of the unknown mixture and dichloromethane is added to the funnel with sodium hydroxide. In order to ease the extraction dichloromethane allows the organic phase to occupy the bottom, even when the organic phase has a lower density. Sodium hydroxide accepts a proton from benzoic acid and converts to its conjugate base, becoming aqueous. The drying agent is added to the solution because there is still water remaining and it is an impurity. This forms hydrated crystals, which filter and remove the water. The solution containing the organic phase is then heated and the mass collected. The solution containing the aqueous phase has hydrochloric acid added to return to carboxylic acid. If the experiment was completed properly the TLC plate should reveal all spots on the same level, which would confirm whether the predicted compounds are part of the unknown mixture.  

Questions: 

1. 
	Increasing the polarity of the solvent system results in a smaller Rf value. This is because non-polar molecules travel faster through the silica gel, concluding in a larger Rf. Therefore, if the polarity increases, the speed would significantly decrease and directly reflect the Rf value.

2.  Line structures:
a)
[image: ]         [image: ]           [image: ]                                                          
Benzyl Alcohol                       Benzaldehyde            Benzyl Acetate 
Benzyl Alcohol is the most polar because an alcohol has a higher polarity than an aldehyde and an ester. The more polar = smaller Rf value therefore it has the smallest Rf value in this group. This is because the OH generates a larger electronegativity value, making benzyl alcohol more polar. 








b) 
 [image: ]                      [image: ]                     [image: ]
Aniline                               N,N-dimethylaniline               Naphthalene 
Anilie has the smallest Rf value because it is the most polar. This is because the polar bond between the nitrogen and hydrogen atoms. 



c)
[image: ]           [image: ]        [image: ]  

           Benzophenone                           		      Biphenyl			     Benzoic aicd

Benzoic acid has the smallest Rf because it is the most polar. This is due to the double bond between carbon and oxygen and the single bond between carbon and hydroxide generate a larger electronegativity. 

3.
	Performing an extraction using ethanol and water would be difficult because the two would mix, they are not immiscible and therefore would not form a clear, separate line. Ethanol is water-soluble and they both are polar. 

4.
NaCl is a salt, adding a salt to a test tube containing water and methylene blue will increase the amount of dye in the aqueous layer. NaCl will increase the ionic strength in water and result in the organic components less soluble in water.  This follows the rule of the process of “salting out”.

5. 
 0.909 g would be removed from solution: 




6. 





7. 
In order to determine which layer is the aqueous layer the student should add water to the solution. Water is polar and combines with the aqueous layer, whichever layer does not increase therefore is the organic layer. 

8.   
	Since both compounds, benzyl amine and naphthalene are soluble in ether an extraction may be performed. Benzyl amine is an organic base and will donate a proton to amine if an acid is added, making it aqueous. After extracting the water it will go into aqueous phase and separate. Nathalene should remain organic, in the ether phase. Benzyl amine can then be converted back to the organic phase with the addition of the base and the extraction is complete. 



Sample calculation of yield: 
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