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Distillation is a method used to separate two or more compounds. This is done by working on the differences in their boiling points. In this lab, both simple and fractional distillations will be observed and recorded. 
The extraction of compounds will then be observed using water soluble dyes to mark organic and aqueous layers.
Procedure and Observations

Part A: Simple Distillation
	Procedure
· The apparatus was set up as described on page 18 of the lab manual, clamps were added to hold the apparatus in place
· After setting up the apparatus, 50mL of a 50:50 mixture of 2-propanol and 1-butanol was added to the distillation flask using a long stem funnel
· Boiling chips were added before turning on the heating devices and slowly distilling the solution
· Temperatures were recorded as observed after every 1mL of distillate was collected until a total of 24mL of distillate had been collected
Observations
	Volume of Distillate
	Temperature
	Volume of Distillate
	Temperature

	1 ml
	85
	13 ml
	100

	2 ml
	88
	14 ml
	98

	3 ml
	89
	15 ml
	95

	4 ml
	91
	16 ml
	95

	5 ml
	92
	17 ml
	94

	6 ml
	93
	18 ml
	95

	7 ml
	94
	19 ml
	95

	8 ml
	95
	20 ml
	97

	9 ml
	96
	21 ml
	94

	10 ml
	98
	22 ml
	93

	11 ml
	99
	23 ml
	84

	12 ml
	100
	24 ml
	58



Part B: Fractional Distillation
	Procedure
· A fractionating column was added to the existing apparatus used in the simple distillation
· The same procedure was followed as in the simple distillation 
Observations
	Volume of Distillate
	Temperature
	Volume of Distillate
	Temperature

	1 ml
	81
	13 ml
	59

	2 ml
	83
	14 ml
	57

	3 ml
	84
	15 ml
	59

	4 ml
	85
	16 ml
	65

	5 ml
	86
	17 ml
	66

	6 ml
	86
	18 ml
	67

	7 ml
	83
	19 ml
	66

	8 ml
	80
	20 ml
	64

	9 ml
	76
	21 ml
	64

	10 ml
	71
	22 ml
	63

	11 ml
	67
	23 ml
	57

	12 ml
	63
	24 ml
	45



Part C: Extraction of Water Soluble Dyes
	Procedure
· 1mL of ether, and 1mL distilled water were played were placed into a test tube with a drop of a 0.006M methylene blue solution
· The contents was shaken vigorously for 10 to 15 seconds
· The above two steps were then repeated with methyl red in place of the methylene blue
· The contents of the two test tubes were mixed together and shaken vigorously for 10 to 15 seconds
Observations
	Appearance of layers with methylene blue added
	Aqueous layer is blue, organic is translucent, organic layer is on top

	Appearance of layers with methyl red added 
	Aqueous layer is clear, organic layer is yellow. 

	Appearance of layers upon mixing methylene blue and methyl red solutions 
	Aqueous layer is blue, organic layer yellow.



Part D: Salting out
	Procedure
· Two test tubes, each containing 5 mL of distilled water, 1 drop of 0.003M aqueous crystal violet, and 0.5 mL of 1-butanol  were prepared
· Both tubes were shaken until the color of the crystal violet was distributed equally between both layers
· Solid NaCl was added and shaken into one tube until the aqueous layer was saturated
Observations
	Appearance of tube without salt
	Solution is purple

	Appearance of tube with salt
	A top thin layer of purple solution is formed. Rest of solution is clear with purple crystals floating



Part E: Determination of KD
Solution 1 - Procedure
· 10.20 mL of Adipic acid was placed into an Erlenmeyer flask, and 3 drops of phenolphthalein added were added
· The acid was then titrated with 29.5 mL of 0.05M NaOH 

Solution 1 - Observations
	Initial volume of Adipic Acid (ml)
	10.10 ml

	Volume of 0.05 M NaOH required to titrate (ml)
	29.50 ml

	Concentration of Adipic Acid in Aqueous Layer
	0.1460 mol/L

	Millimoles of Adipic Acid in Aqueous layer
	1.475 millimoles



Solution 2 - Procedure
· 10.20 mL of Adipic acid was placed into a separatory funnel, follow by 10 mL of ethyl acetate
· The funnel was then shaken for 30 seconds
· The Aqueous layer was collected in an Erlenmeyer flask and 3 drops of phenolphthalein were added
· The contents of the Erlenmeyer flask was then titrated using 11.60 mL of 0.05 M NaOH

Solution 2 - Observations
	Initial volume of Adipic Acid (ml)
	10.20 ml

	Volume of 0.05 M NaOH required to titrate (ml)
	11.60 ml

	Concentration of Adipic Acid in Aqueous Layer after 1 extraction  
	0.0574 mol/L

	Millimoles of Adipic Acid in Aqueous layer after 1 extraction
	0.5855 millimoles

	Concentration of Adipic Acid in Ether Layer after 1 extraction 
	0.08860 mol/L

	Millimoles of Adipic Acid in Ether Layer after 1 extraction
	0.2713 millimoles

	KD (ether:water) for Adipic Acid after 1 extraction 
	1.513





Solution 3 - Procedure:
· 9.90 mL of Adipic acid was placed into an separatory funnel with 10 mL of ethyl acetate and shaken for 30 seconds
· Once the layers had separated, they were both removed from the funnel
· The organic layer was then discarder, while the aqueous layer was placed back into the separatory funnel
· 10 mL of new ethyl acetate was added into the funnel and it was shaken again
· The aqueous layer was transferred into an Erlenmeyer flask
·  5.4 mL of 0.05 M NaOH using phenolphthalein as an indicator was used to titrate the remaining aqueous layer

Solution 3 – Observations:
	Initial volume of Adipic Acid Solution (ml)
	9.90 ml

	Volume of 0.05 M NaOH required to titrate (ml)
	5.4 ml

	Concentration of Adipic Acid in Aqueous Layer after 2 extractions
	0.02727 mol/L

	Millimoles of Adipic Acid in Aqueous layer after 2 extraction
	0.0002610 millimoles

	Millimoles of Adipic Acid in Ether layer after 2 extractions
	1.175 millimoles

	Concentration of Adipic Acid in Ether Layer after 2 extractions
	0.1187 mol/L

	Total millimoles of Adipic Acid removed by 2 ether extractions
	2.079 millimoles

	Millimoles of Adipic Acid in Ether layer after 1 extraction 
	0.9037 millimoles

	Millimoles of Adipic Acid in Ether layer during the second extraction
	0.2713 millimoles

	KD (ether:water) for Adipic Acid for the second extraction 
	4.35



Discussion

 	Sample Equations
nNaOH
 n = CV
 n = (0.05 M) (0.01160 L)
 n = 0.0005855 mol
 n = 0.5855 millimoles 


 [Acid in organic layer]
 [acid in organic layer] = [acid] – [acid in aqueous layer after 2 extractions] 
 [acid in organic layer] = 0.146 M – 0.02727 M
 [acid in organic layer] = 0.01873 M
KD 
After 1 extraction: 
KD = [A]Solvent1 (organic layer) / [A]Solvent 2 (aqueous layer)
     = 0.08860 M / 0.05855 M
     = 1.513  
After 2 extractions:
KD = [A]Solvent1 (organic layer) / [A]Solvent 2 (aqueous layer)
     = 0.1187 M / 0.2727 M
     = 4.35  				

Distillations

 	In both the simple and fractional distillation, after the first component (lowest boiling point) was removed from the solution, there was a slight decrease in temperature before the distillation of the second component. However, this was expected. Only once all of iso-propanol was collected and removed from the solution, the temperature rises to 1-butanol and begins to collect. The moderate difference between Iso-propanol  and 1-butanol boiling point allowed for a gradual incline of temperature between the two components. There were however noticeable differences between the two distillations. As expected, the simple distillation curve shows that the separation between the iso-propanol and 1-butanol occurred much faster than fractional distillation. This is mostly likely because the addition of the fractional column which provides theoretical plates, improving separation between the components, needs more time to distillate.  Furthermore, there may have been impurities within the experiment that could account for differences between the actual and theoretical curve. For instance, the equipment may have been contaminated from a previous experiment altering boiling points and the rate of distillation. Also, even a the slightest amount of flooding can interfere with fractional distillation prolonging or even re-starting distillation.

 	Extractions
 	
 	By adding dye to the test tubes of ether and water, we were able to make organic and aqueous layers much more distinguishable as the dyes reacted depending on the properties of the layer. Sodium chloride, once added, reacted with the aqueous layer as opposed to the organic layer, demonstrating the different abilities to react of organic and aqueous layers.
	The purpose of shaking the aqueous and organic layers in the separatory funnel was to demonstrate the ability of substances that do no appear to mix to share properties. The values of KD were different across the first and second extractions as in the second extraction, more Adipic acid had moved into the organic layer than was present in the first extraction. The more extractions that occur, the higher distribution constant we would observe.

Questions 

1) An aqueous mixture of methyl red and methylene blue could be separated by adding an organic solving and placing the components into a separatory funnel. This would result in the compounds being separated into two phases. The methyl red will react with the organic layer, while the methylene blue will react with the aqueous layer. As the density of methyl red is lower than that of methylene blue, the upper layer will be composed of methyl red.
2) As methylene blue is soluble in water, the addition of NaCl  results in a “salting out”   effect, in which the water becomes less soluble towards ether. This forces the organic compound into an organic layer, where the dye decreases as the organic layer becomes thicker.

3) KD = [A]Solvent1/[A]Solvent2
    KD  = [W1V1]/[W2V2]
    KD  = [4.0g/100mL]/[23.0g/100mL]
    KD  = 0.174

    0.174 = [W1/100mL]/[3.5-W1/100mL]
       W1 = 0.52g

Therefore 0.52g of compound Y would be removed from the solution.

4)                       KD = [W1/100mL]/[(3.5g - W1)/50mL]
                      0.174 = [W1/100mL]/[3.5g - W1)/50mL]
      0.609-0.174W1 = 2W1
                      0.609 = 2.174W1
                          W1 = 0.28g
            3.5g - 0.28g = 3.22g 

Therefore 3.22g of  Y is left in the solution after the first extraction has taken place. Plugging this value into solve KD
                          KD = [W1/100mL]/[(3.22g - W1)/50mL]
                      0.174 = [W1/100mL]/[3.22g - W1)/50mL]
    0.560 - 0.174W1 = 2W1
                         W1 = 0.26g
Then using this value to find the total amount of compound Y:
         0.28g + 0.26g = 0.54g 

Therefore, after two extraction of compound Y using 50mL of ether each time, 0.54g of compound Y would be removed from the solution.
5) A mixture of benzoic acid and naphthalene would be separated by placing the solution in a separatory funnel. This solution would then by combined with an inorganic base (NaOH) which would cause the benzoic acid to lose hydrogen atoms resulting in the hydroxide forming water. The sodium then forms sodium benzoate, and since it is soluble in aqueous solution the two solutions can now be separated. Adding a strong acid such as HCl will allow sodium benzoate to return to benzoic acid by displaces the sodium ions with the hydrogen ions. 
6) The student can add a few drops of water to the solution. The phase that the water drops mix into will be the aqueous phase.
7) The water must flow back through the fractionating column in order to separate the compounds. Without a backflow through the fractionating column, the liquid would remain in vapour form, and once cooled into the receiving flask we would attain components from both original substances. With liquid flowing back through the fractionating column, when cooled substance revaporizes then we can say it is of a lower boiling point, and the substance that returns to the bottom of the d2column is of a higher boiling point.
8) It is important to keep a uniform temperature gradient in the fractionating column as a change in temperature we cannot be certain that results are accurate. An increase in temperature will result in the substance of a higher boiling point making it into the receiving flask, while a decrease in temperature will result in some of the substance of a lower boiling point not reaching the receiving flask. Therefore it is important to have an insulated fractionating column, which helps maintain constant a temperature gradient.

9) At the boiling point the vapour pressure of Benzene is equal to the ambient pressure 1 atmosphere. Therefore the vapour pressure of Benzene, at a temperature of 81 degrees Celsius and assuming SATP, is equal to 760 mmHg or 1 atm.

10) Atmospheric pressure puts pressure on molecules inside of the liquid. In order to boil, the electrons must become excited. However, electrons must become even hotter to overcome the pressure of the atmosphere. As a result, the higher the pressure is, the higher boiling point will be.
11) When cooling water enters the bottom of the condenser it allows the vapour to enter the condenser before it falls back down the column. If water was allowed to enter from the top this would not be possible. It would also undergo a large temperature change, that could potentially shatter the glass.

12)  As the ratio of miscible compounds A and B is 3:1 respectively,
 Therefore PTotal = 0.75PA + 0.25PB
   		   = 0.75(350mm Hg) + 0.25(150mm Hg)
 		   = 262.5mm Hg + 37.5mm Hg
                           = 300mm Hg
 Therefore the vapour pressure of a 3:1 mixture at 95 degrees Celsius is 300mm Hg
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