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Procedure:
Part 1: Simple Distillation
· The apparatus was set up as shown in the lab manual on age 14
· 100mL flask was used as the distilling flask and a 50mL graduated cylinder as the receiving flask. 
· 25.0mL of a 50:50 mixture of 2-propanol and 1-butanol was added in to the 100mL distilling flask as well as a magnetic stirring rod.
· A magnetic stirrer was placed in the 100mL distilling flask to help keep the solution well mixed. 
· The condenser was attached to a rubber hose which allowed cooled water to enter the condenser and another rubber hose was attached to the condenser that allowed the water to leave the condenser.
· The heating mantle was set to 70.
· The magnetic stirrer was set to 3.
· After every mL of distillate was collected, the temperature was recorded.

Part 2: Fractional Distillation
· Set up the apparatus the same way it was set for the simple distillation except add the fractionating column packed with metal sponge between the distilling flask and the distillation head. 
· 25.0mL of a 50:50 mixture of 2-propanol and 1-butanol was placed in the 100mL distilling flask along with a magnetic stirring rod.
· A magnetic stirrer was placed in the 100mL distilling flask as well. 
· The heating mantle was set to 70.
· The magnetic stirrer was set to 3.
· After every mL of distillate was collected, the temperature was recorded.

Part 3: Extraction of Water Soluble Dyes

· 1.0 mL of ether, 1.0 mL of distilled water and one drop of 0.006M methylene blue solution were added into a test tube and mixed for 15 seconds. 
· After the layers were allowed to settle observations were recorded.
· 1.0 mL of ether, 1.0 mL of distilled water and one drop of 0.006M methyl red solution added into a test tube and mixed for 15 seconds.
· After the layers were allowed to settle observations were recorded.
· The first solution with methylene blue and the second solution with methyl red were mixed together and shaken for 15 seconds.
· After the layers were allowed to settle observations were recorded.


Part 4: The Salting Out Effect
· Two test tubes containing 5.0mL of distilled water, 1 drop of 0.003M aqueous crystal violet and 0.5 mL of 1-butanol were set up.
· The two test tubes were shaken until the purple color settled in both test tubes.
· NaCl was added to one of the test tubes until a solid percipitated at the bottom.
· After the layers were allowed to settle observations were recorded.

Part 5: Determination of a Distribution Co-Efficient
	Solution 1:
· 10.0 mL of a 1% aqueous solution of adipic acid was added to a 125mL Erlenmeyer flask.
· Phenolphthalein (2drops) was added to the flask to act as an indicator.
· 0.05M NaOH solution was placed in a burette and the adipic acid was titrated using this NaOH solution.
· The color of the solution in the Erlenmeyer flask changed to a light pink, which indicated that the titration was complete, after 27.5 mL of the NaOH solution was added. 

	Solution 2:
· 10.0 mL of a 1% aqueous solution of adipic acid was added to a seperatory funnel along with 10.0 mL of ether. 
· The funnel was vigorously shaken and was allowed to vent every 30 seconds.
· After the shaking was stopped a mixture of an aqueous solution and an organic portion was left over. 
· The bottom aqueous layer was collected into a 125 mL Erlenmeyer flask
· The adipic acid was titrated with 0.05 M NaOH using phenolphthalein as the indicator
· Results were recorded. 9.0mL of NaOH titrated the acid and the color of the solution in the Erlenmeyer flask changed to a light pink indicating that the titration was complete.

Solution 3:
· 10mL of adipic acid and ethyl acetate were added into a separatory funnel
· The funnel was vigorously shaken and was allowed to vent every 30 seconds.
· After the shaking was stopped a mixture of an aqueous solution and an organic portion was left over. 
· The organic layer was extracted.
· The aqueous layer was placed back into the funnel and extracted again with ethyl acetate
· The layers were separate once more and the aqueous layer was transferred to a 125 mL Erlenmeyer flask
· The acid was titrated with 0.05 M NaOH using phenolphthalein as the indicator
· Results were recorded. 6.0mL of NaOH titrated the acid, the color of the solution in the Erlenmeyer flask changed to a light pink indicating that the titration was complete.
Observations:
Part 1: Distillation
Table 1: Temperatures during distillate collection in simple distillation  

	Volume of Distillate (mL)
	Temperature (oC)
	Volume of Distillate (mL)
	Temperature (oC)

	1
	23.2
	13
	63.9

	2
	25.6
	14
	68.6

	3
	26.1
	15
	73.1

	4
	28.9
	16
	75.9

	5
	45.2
	17
	77.1

	6
	47.9
	18
	77.6

	7
	49.2
	19
	77.9

	8
	50.4
	20
	77.9

	9
	52.1
	21
	78.0

	10
	53.2
	22
	78.1

	11
	56.3
	23
	78.1

	12
	59.6
	24
	---



· Original solution was a clear liquid
· Distillate substance was also a clear solution

Fractional Distillation 
Table 2: Temperatures during distillate collection in fractional distillation 

	Volume of Distillate (mL)
	Temperature (oC)
	Volume of Distillate (mL)
	Temperature (oC)

	1
	73.3
	12
	61.3

	2
	73.4
	13
	77.4

	3
	73.9
	14
	115.9

	4
	74.0
	15
	116.4

	5
	74.0
	16
	116.4

	6
	73.4
	17
	116.2

	7
	71.8
	18
	116.5

	8
	71.7
	19
	116.5

	9
	70.8
	20
	114.2

	10
	67.8
	21
	113.4

	11
	67.3
	22
	105.1



· The original solution was clear.
· Distillate was also clear 


Qualitative Observations:
· When the mantle was heated enough the solution in the distillating flask started to bubble.
· Condensation was visible in the condenser
· The fractional distillation process was much slower than the simple distillation process, it took a lot longer to collect distillate from the fractional distillation.
· The distillate is completely collected at about 23 mL and there is no visible solution left in the distillating flask either.

Part 2: Extraction of Water Soluble Dyes
 Table 3: Extraction of Water Soluble Dyes
	Appearance of layers with methylene blue added
	Blue dye at the bottom of test tube (aqueous); clear layer on top of test tube (organic)


	Appearance of layers with methyl red added
	Yellow dye at the top of test tube (organic); clear layer on the bottom of test tube (aqueous)

	Appearance of layers upon mixing methylene blue and methyl red solutions 
	Blue dye on bottom layer (aqueous); yellow dye on top layer (organic)



Table 4: Salting Out
	Appearance of tube without salt 
	Consistent aqueous purple solution in test tube

	Appearance of tube with salt
	Purple layer on the top and translucent layer on the bottom of test tube; salt crystals were present on the base













Table 5: Titrations used to Determine KD

	Solution #1
	

	Initial volume of adipic acid used (mL)
	10.0000

	Volume of 0.05M NaOH required to titrate (mL)
	27.5000

	Concentration of adipic acid in aqueous layer (M)
	0.0688

	Millimoles of adipic acid in aqueous layer
	0.6875

	Solution #2
	

	Initial volume of adipic acid used  (mL)
	10.0000

	Volume of 0.05M NaOH required to titrate after one extraction (mL)
	9.0000

	Concentration of adipic acid in aqueous layer after one extraction
	0.0225

	Millimoles of adipic acid in aqueous layer after one extraction
	0.2250

	Concentration of adipic acid in ethyl acetate layer after one extraction
	0.0463

	Millimoles of adipic acid in ethyl acetate layer after one extraction
	0.4625

	KD (Ethyl acetate:Water) for adipic acid after one extraction 
	2.0600

	
Solution #3
	

	Initial volume of adipic acid used  (mL)
	10.0000

	Volume of 0.05M NaOH required to titrate after two extraction (mL)
	6.0000

	Concentration of adipic acid in aqueous layer after two extraction
	0.0150

	Millimoles of adipic acid in aqueous layer after two extraction
	0.1500

	Millimoles of adipic acid in ethyl acetate layer after two extractions
	0.5380

	Concentration of adipic acid in ethyl acetate layer after two extractions
	0.0269

	Total millimoles of adipic acid removed by 2 ethyl acetate extractions
	0.5380

	Millimoles of adipic acid in ethyl acetate layer after one extraction
	0.4625

	Millimoles of adipic acid in ethyl acetate layer during the second extraction
	0.0750

	KD (Ethyl acetate:Water) for adipic acid for the second extraction
	1.7933




· All solutions were clear, and colourless.






Sample Calculations:
Solution 1:
Concentration of Adipic Acid in Aqueous Layer
C1V1=C2V2
C1=[C2V2/2] / V1
C1=[(0.05M * 0.0275L)/2] / (0.01000L) 
=0.06875M
The right side is divided by 2 since the mole ratio of adipic acid to NaOH is 1:2 moles.
Millimoles of Adipic Acid in Aqueous Layer
n=CV
 = (0.06875M)(0.01000L)
=6.88x10-4 moles 
= 0.688mmol

Solution 2:
Concentration of Adipic Acid in Aqueous Layer
C1V1=C2V2
C1=[C2V2/2] / V1
C1=[(0.05M * 0.009L)/2] / (0.01000L) 
=0.0225M
Millimoles of Adipic Acid in Aqueous Layer
n=CV 
= (0.0225M)(0.01000L)
=2.25x10-4 moles 
= 0.225mmol
Concentration of Adipic acid in ethyl acetate layer after 1 extraction
= Concentration of Adipic Acid in Aqueous layer - Concentration of Adipic Acid in Aqueous layer after 1 extraction
= 0.06875M – 0.0225M 
= 0.04625M
Millimoles of Adipic acid in ethyl acetate layer after 1 extraction
n=CV 
= (0.04625M)(0.01000L)
=4.625x10-4 moles 
= 0.4625mmol
Calculating KD
= Concentration of Adipic Acid in ethyl acetate layer after 1 extraction/ Concentration of Adipic Acid in Aqueous layer after 1 extraction
= 0.04625 M/ 0.0225 M 
= 2.06

Solution 3:
Concentration of Adipic Acid in Aqueous Layer
C1V1=C2V2
C1=[C2V2/2] / V1
C1=[(0.05M * 0.006L)/2] / (0.01000L) 
=0.015M
Millimoles of Adipic Acid in Aqueous Layer
n=CV 
= (0.015M)(0.01000L)
=1.5x10-4 moles 
= 0.15mmol
Millimoles of adipic acid in ethyl acetate layer after two extractions
= Millimoles of adipic acid in aqueous layer - Millimoles of adipic acid in aqueous layer after two extractions
=0.688mmol – 0.15mmol 
= 0.538mmol
Concentrations of Adipic Acid in ethyl acetate layer after 2 extractions
=(Millimoles of Adipic Acid in ethyl acetate layer after 2 extractions * 1 mol of Adipic acid / 1000 mol of adipic acid) / Volume
= [0.538 mmol * (1mol/1000mmol)] / 0.020 L
= 0.0269 M
Millimoles of adipic acid in ethyl acetate layer during the second extraction
= Total millimoles of adipic acid removed by 2 ethyl acetate extractions - Millimoles of adipic acid in ethyl acetate layer after 1 extraction
=0.538mmol – 0.463mmol 
= 0.075mmol
KD (Ethyl acetate:Water) for adipic acid for the second extraction
= Concentration of Adipic Acid in ethyl acetate layer after 2 extractions/ Concentration of Adipic Acid in Aqueous layer after 2 extractions
= 0.0269 M/ 0.015 M
= 1.79



Questions:
1. In order to separate an aqueous mixture of methyl red and methyl blue, a distillation must be used because each compound has a different volatility. Distillation is a method of separating two or more compounds on the basis of differences in their boiling points. The liquids get vaporized and then the vapours are condensed and collected. 
2. Adding NaCl to a test tube containing water, ether and methylene blue decreases the aqueous layer because it decreases the solubility with the organic material. The addition of the salt increases the ionic strength of the water and will often force the organic compound into the organic layer by decreasing the solubility in the salty water.
3. KD = (solubility of water / solubility of ether)
KD = (2.0g / 100mL)/(20.0g / 100mL) = 0.10 
KD = [(1.8 – Y)/100] / [Y/100] = 0.10 
Y = 1.64 
1.64g of compound Y would be extracted from the solution by a single extraction.
4. Extraction One: KD = (solubility of water / solubility of ether) 
KD = [(1.8 – Y)/100] / [Y/50] 
= 0.10 
Y 1= 0.30 
0.30g was removed after the first extraction.
Mass remaining = 1.8g – 0.30g 
= 1.50g 
KD = [(1.50 – Y)/100] / [Y/50] 
= 0.10 
Y2 = 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.
5. The best way to separate the mixture would be to do a fractional distillation considering that their boiling points are different enough. Adding them to a solution to water wouldn’t be beneficial because they are both soluble and dissolving them in ether would also be unbeneficial because they are both soluble in ether. 
6. The aqueous phase is the lower layer and the top layer is the organic layer. In order to determine this, the student can shake the flask for a minute to be able to notice two layers. Distilled water can also be used as an aid to show the aqueous phase. By adding a few drops of water and noticing where they move to can indicate which phase is the aqueous phase; the water will directly connect with the aqueous phase.
7. Liquid must be flowing back through the fractionating column in order to get separation of the components during a fractional distillation because a series of condensations and vaporizations take place that enrich the vapour in the lower boiling points. Since there are two different compounds, each with a different volatility, the compound with the higher volatility will evaporate but since the temperature decreases as you move up the fractionating column, that compound condenses and returns in the flask.
8. The fractionating column works better if it is insulted because it helps to maintain a smooth temperature gradient in the column. A uniform temperature gradient in a fractionating column should be maintained so that the evaporated compound could reach the top of the column without condensing and falling back into the flask. Also, it is needed for the compound to condensate/ evaporate several times in the fractionating column.
9. The boiling point of benzene is 81°C meaning that the vapour pressure of benzene at this temperature is 760 mmHg. This is because the boiling pressure of a pure liquid would have a vapour pressure of 760 mmHg.
10. An increase in atmospheric pressure would affect the boiling point of a liquid because an increase in pressure results in an increase in the boiling point and a decrease in pressure would result in a decrease in the boiling point. This is because the greater the pressure the more energy is required to create bubbles.
11. It is important to have cooling water enter the bottom of the condenser and not the top because this forces the water to go up the condenser and exit from the top hole.
[image: http://www.umsl.edu/~orglab/documents/distillation/Image170.gif]
12. Raoult’s Law states that the total pressure (Ptotal) exerted by the mixture is equal to the sum of the partial pressures of the components.
PA= (PA)∙(NA)
PB = (PB)∙(NB)
3:1 (A:B) mixture means that the mole fraction of compound A is 0.75 and the mole fraction of compound B is 0.25.
Ptotal = (PA)∙(NA) + (PB)∙(NB)
= (350 mmHg) ∙ (0.75) + (150 mmHg) ∙ (0.25)
=300 mmHg


Discussion:
Distillation: Simple vs. Fractional
For the distillations, we used magnetic stirrer. The magnetic stirrer is used to evenly mix the solution.

The distillation starts off with a liquid substance that gets evaporated and goes through a condenser and comes out with two different liquids that were separated because of a difference in their boiling points. Each liquid has a different volatility thus one liquid will be evaporated before the other resulting in two separated mixtures.

The fractional distillation is more precise because it creates a series of compression and vaporization reactions in the fractioning column that separate the solution more accurately. This fractioning column has the same effect as repeating a simple distillation with the same solution.

The curves for the distillations should be very similar to each other and result in a plateau at the end of the curve. This is because the mixture is the same and would take the same amount of energy to evaporate them. The graphs plateau at the end because of the fact that the mixture cannot absorb anymore energy and cannot break down the mixture anymore.


Extraction:
For the extraction, the blue dye was at the bottom which means that it is an aqueous layer. However, when methyl red was tested instead of the methylene blue, the red dye was at the top, meaning it was an organic layer. When the two test tube contents were mixed together, there was a blue layer at the very bottom and a transparent layer at the top. The orange/oil colour layer indicated that it was organic while the blue colour was still at the bottom. A test that was done to confirm the results was the addiction of a drop of water using a disposable pipette; the water droplet would always move to the aqueous solution.		

The salting out effect is used to decrease the aqueous layer by preventing the organic material from reacting with the water. The tube with the solid NaCl salt had a noticeably smaller top layer which was a purple dye. This process can be compared to throwing salt to melt snow, which results in a decrease in the snow. Therefore, the salt decreases the aqueous layer.

The KD for both the first extraction is 1.79 and the KD for the second extraction is 2.06. The values for the extraction should be the same because the temperature remained constant, and they are pretty similar to each other.


Graphs:
Figure 1: Simple Distillation
Figure 2: Fractional Distillation
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