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Introduction
Experiment 2 is a lab that use techniques to purify chemicals using distillation. There are two types of distillation used in this lab, simple and fractional. Both types of distillation utilize different boiling points of the compounds in a chemical mixture. This is done by heating the mixture, causing the vaporization of compounds to occur at different times, starting with the compound of the lowest boiling point and working up to the compound with the highest. Simple distillation is used for mixtures that are mostly one compound or have significantly large differences in boiling points. Fractional distillation has added equipment in the apparatus, allowing more accurate separations and if thus can separate more complex mixtures.
Procedure
Refer to lab manual page 26. Note each time after the apparatus was set up and the experiment began, the mixture was observed for approximately 10 minutes before the 2-minute intervals started.  Allowing for the mixture to come to a boil and for the collection of liquid in the receiving flask to begin. The solution from part A was reused for part B. The heating mantle used was for a 50 mL round bottom flask and the flask used was a 100 mL flask. 
During Part B, at half way (20 mL collected) the temperature was increased to 90 degrees. At 30 mL, temperature is increased to the maximum heat. 
Refer to lab manual to view apparatus, pages 20 and 22. 
Observations
The solution used was a clear liquid, and had an alcohol smell. 
The first temperature that was recorded was whenever 2 mL have been distilled.
The temperature at the beginning of part A was 21.6 degrees Celsius and for part B was 20.8. 
No change in colour of the mixture in neither part A or B.
Table 1. Amount of Liquid Displaced in Relation with Temperature
	Amount 
(mL)
	Temperature (⁰C)
[Part A: Simple Distillation]
	Temperature (⁰C)
[Part B: Fractional Distillation]

	2
	86.3
	80.7

	4
	87.1
	81.9

	6
	87.8
	82.3

	8
	88.8
	82.7

	10
	89.7
	83.2 

	12
	90.5
	83.7

	14
	91.6
	84.2

	16
	92.7
	84.6

	18
	93.6
	85.6

	20
	94.5
	87.2

	22
	96.1
	89.7

	24
	97.5
	93.3

	26
	99.9
	94.9

	28
	102.1
	101.9

	30
	105.8
	107.5

	32
	109.3
	111.6

	34
	111.3
	114.8

	36
	114.2
	110.6

	38
	115.8
	109.5

	40
	116.5
	107.2

	42
	117.0
	102.2

	44
	117.2
	72.1

	46
	117.3
	N/A

	48
	105.2
	N/A






Figure 1: Graph Representation of the Changes in Temperature Throughout Simple DistillationVolume (mL)
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Figure 2: Graph Representation of the Changes in Temperature Throughout the Fractional Distillation
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Discussion
The shape obtained from figure 1 (part a) is similar to the graph found in the lab manual. The lab manual graph shown (figure 2) has a slight but steady incline at the beginning and as time progresses the incline increases. This shows the relation that as time passes and the liquid is being distilled, the temperature also increases. Eventually the temperature begins to plateau as the liquid collection comes to an end. Distillation finishes once almost all of the mixture has been distilled into the receiving flask. Once there is practically no mixture inside the distilling flask the temperature begins to fall. This whole process occurs because there is a constant variation in composition of the vapour, meaning that the concentration of the two compounds within the vapour is constantly changing as the vapour is being distilled. There is no break in collection in between the separation of the mixture. The graph produced from this experiment has a fairly smooth curve as seen in the lab manual graph although the graph may differ from having a slightly insufficient heat source compared to having the proper heating mantle for the size of the beaker. 
The example graph for fractional distillation in the lab manual has a constant temperature for half the graph then a large incline to the second temperature which then will remain constant until the distillation is complete. The spike in temperature represents the completion of distillation of the first compound followed by a steady heat raise till it reaches the temperature needed to bring the second compound to a boil to create the vapour for the distillation to occur. As this occurs there is no collection of liquid in the receiving flask. Once the temperature is reached it remains the same until the vapour travels through the apparatus and condenses into the receiving flask. The graph obtained from the data collected for fractional distillation has some similarities. The graph does not show a constant temperature for each distillation, but instead a constant increase in volume (collection of liquid in receiving flask). At the beginning there is about a 5-degree increase of temperature for approximately the first 17mL.  At which the temperature constantly increases until its plateau. Throughout this whole part of the experiment there was always a collection of liquid. The accuracy of this separation is not very high because there was suppose to be a pause in the collection of liquids instead of an undisturbed gathering. The temperature was also only suppose to increase until it reached the boiling point for the compound being separated then it should have remained constant until the separation for said compound was complete and it was time for the next separation to occur. Unlike in my experiment where the temperature was continuously rising throughout the duration of the distillation. Although my data lacks a large defined spike for the increase in temperature, which would have been present in an accurate separation, there was still a large increase in temperature, rendering the completion of separation of product a. Possible reasons for our distillation to not be as precise as it could be could be because of heat problems. We should have had stronger heat/a larger heating mantle to heat out distillation flask and its contents. Other groups who performed the lab had their liquids being retrieved in their receiving flask significantly faster than ours and would have completed their distillation before ours, even with the same commence time. 
Dissimilar in simple distillation, fractional distillation uses an extra piece of equipment, a fractioning column. The fractionating column allows for a reflux to happen. Vapour cools within the fractionating column and flows back into the distillation column, while the vapours with the highest volatile travel to the condenser. This fractionating column is warmest at the bottom and coldest at the top, and has lots of surface area for vapour to condense onto. This allows for heat of the vapour coming from the distillation flask to re-vapourize some of the liquid that is still on the packaging in the fractioning column. This process is described as the theoretical plates, a series of mini-distillations. The greater the theoretical plates the greater the separation.
There was not must difference in the preparation or in the actions taken to perform fractional distillation compared to simple distillation, besides there is additional equipment. Both experiments you watch and record values at the same intervals of 2 mL, yet the end products vary in purity, the purer being from fractional distillation. 
Questions
1. Liquid flowing back through the fractioning column is necessary for separation to occur because the fractioning column allows for vapours to cool and condense, the vapour with the lower boiling point will make its way through the apparatus to the receiving flask and the higher boiling point compounds will condense and go back into the distilling flask to do the process again. The fractioning column has multiple separations occurring within it, due to its large surface area and because it catches the liquid’s vapours and as they begin to drip back down, they come in contact with the heat and re-vapourize if the liquid has a low enough boiling point. It is important for the liquid to go back into the distilling flask and rejoin with the rest of the liquid with the same boiling points because this allows for the liquid to be reheated and break the bonds of the compound with the lower boiling points so it can vapourized again, and go through the process until proper separation occurs. 
2. It is important to maintain a uniform temperature gradient in a fractionating column because the vapour needs a consistent temperature to prevent premature condensing or condensing too quickly which would jeopardize the accuracy of the separation and to ensure that the separation doesn’t happen too quickly or too slowly to avoid flooding and accuracy problems.
3. The standard boiling point of benzene is 81 degrees Celsius. We know that the boiling point of a liquid is the temperature when the vapour pressure equals the pressure of the gas above the liquid being studied. In this case we can assume the benzene is at atmospheric pressure. Thus we can conclude that the vapour pressure equals the atmospheric pressure, 760 mmHg (torr). 
4. The increase in atmospheric pressure causes the boiling point of a liquid to increase. 
5. It is important that the cooling water enters from the bottom of the condenser to allow the whole condenser to fill with water and not just half which would happen from connecting the water hose from the top. When connected from the top, the water travels down the one side of the condenser and straight out. When filling from the bottom the water will fill both sides of the condenser and will flow out. The water is needed to cool the vapor, and it is more effective to have the whole condenser filled with water than just half. 
6. Compound A has a vapour pressure of 350 mm Hg at 95 °C whereas compound B has a vapour pressure of 150 mm Hg at the same temperature If A and B are miscible, what is the vapour pressure of a 3:1 mixture of A and B at 95 °C? 
Compound A and B have a 3:1 mixture, therefore we can say A has a mole fraction of 0.75 and B has a mole fraction of 0.25. Using Raoult’s Law, we can find the vapour pressure.
Ptotal = Pa * Na + Pb * Nb = (350*0.75) + (150*0.25) = 262.5 + 37.5 =    300 mm Hg.
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