

Introduction
The objective of this lab is to carry out and compare simple and fractional distillations. Distillation is a method of separating two or more compounds on the basis of differences in their boiling points. A pure substance will show a narrow boiling range. It should be noted that the boiling range of a liquid can be used as an indication of purity. The boiling point of a substance reflects the molecular structure and types of forces holding the molecules together in liquid state. Initially, the substance with a low boiling point will be removed and the distillate will be richly enriched in that component. As the distillation proceeds, compounds with higher boiling points will begin to be removed from the distilling flask and the distillate will be enriched in these components. 

Procedure and observation
· A simple distillation apparatus was set up using the guidelines provided in the lab Chemistry 1321 Organic Chemistry Lab manual. 
· The distillation flask was filled with approximately 33 mL of a 50:50 mixture of 2-propanol and 1-butanol with the aid of a long stem funnel to minimize spillage. This solution was observed to be a clear colourless liquid.  
· A 100 mL graduated cylinder was used as a receiving flask to collect the distillate 
· The temperature on the veriac was set to about 100 ̊C, however drops were observed to occur once every three seconds. 
· Upon each drop, a misty formation occurred in the graduated cylinder. 
· Upon completion of the simple distillation, when all the solution was collected in the receiving flask, a fractional distillation apparatus was assembled. 
· [bookmark: _GoBack]A fractionating column was put in place and the temperature on the veriac was left at 100 ̊C while the distillation flask was filled with approximately 50 mL of a 50:50 mixture of 2-propanol and 1-butanol. 
· Drops occurred once every two second on approximate 
· The temperature was recorded after each 2 mL portion of distillate was collected. 
Tables
Table 1: Simple distillation- Temperature after each 2 mL portion of distillate. 
	Volume (mL)
	Temperature(  ̊C ) 

	2
	32.8

	4
	36.5

	6
	37.1

	8
	38.3

	10
	39.1

	12
	37.8

	14
	39.2

	16
	39.8

	18
	41.2

	20
	43.4

	22
	46.4

	24
	49.2

	26
	54.0

	28
	55.9

	30
	55.0

	31
	49.6







Table 1: Simple distillation- Temperature after each 2 mL portion of distillate. 
	Volume
	Temperature

	2
	29.0

	4
	36.0

	6
	42.0

	8
	46.2

	10
	45.6

	12
	47.7

	14
	46.5

	16
	48.4

	18
	47.6

	20
	47.3

	22
	47.5

	24
	47.4

	26
	46.9

	28
	47.1

	30
	48.2

	32
	52.5

	34
	56.1

	36
	58.7

	38
	63.0

	40
	67.1

	42
	69.1

	44
	69.8

	46
	67.2

	48
	68.1

	50
	59.0





Discussion 
The objective of this lab is to carry out and compare methods of simple and fractional distillation. With this, we can conclude at the method which is most efficient. Temperature vs volume curves are plotted using the results of each of the two methods. The graph obtained from the simple distillation data is one that has a high concentration of sample “A” in the condenser of the simple distillation apparatus at the beginning of the curve because the boiling point for sample “A” is lower than that of sample “B”. On the simple distillation curve, the first region where the slope of the graph is closest to zero doesn’t extend as far as it does on a fractional distillation curve. This region tells us that sample “A” has reached its boiling point completely and the vapor in the condenser only contains sample “A”. As time goes by and temperature is added to the system, the graph increases in slope indicating that the concentration of sample “B” in the condenser of the simple distillation apparatus is higher than that of sample “A” as sample “B” nears its boiling point. A second region where the slope of the graph is closest to zero is now reached indicating that sample “B” has now reached its boiling point. It should be noted that this region does not extend as far as it does on a fractional distillation curve indicating that fractional distillation is a more efficient separation method. 
 However, separation of samples using simple distillation methods is not as efficient as using fractional distillation methods. As a result, the vapor produced at the first region of minimum slope is a mixture of sample “A” and “B” with a higher content of sample “A” when using simple distillation methods. This gives us a graph where the region of minimum slope does not extend out as far as it does in fractional distillation. 
With fractional distillation, the graph consists of four distinct areas. 
The first area is an area where an increase in slope can be noticed at the beginning of the graph. This area describes an area where heat is added to the system but a negligible amount of the content is getting distilled. The slope at this area of the graph is equivalent to the amount of the first sample “A” in the vapor. 
The second area is an area with a slope almost equivalent to zero. This tells us that sample “A” has reached its boiling point and as a result the vapor only contains sample “A”. Sample “A” has been successfully separated from sample “B”. 
The third area, much like the first area, is an area where an increase in slope can be noticed. This area describes an area where more heat is added to the system but a negligible amount of the content, mainly sample “B”, is getting distilled. The slope at this area is equivalent to the amount of sample “A” in the vapor.
The fourth area, much like the second area, is an area with a slope almost equivalent to zero. This tells us that sample “B” has reached its boiling point and as a result the vapor only contains sample “B”. Final separation of sample “B” has been attained. 
In conclusion, the samples A and B were separated efficiently through the method of fractional distillation. 

Questions
1) Explain why you must have liquid flowing back through the fractionating column in order to get separation of the components during a fractional distillation.                           If liquid does not flow back, separation is not attained because the vapour is now a mixture of both components. If temperature gradient is not maintained in the fractionating column, flow back of liquid will not occur resulting in an adulterated vapour in the condenser.
2) Fractionating columns normally work better if they are insulated in order to maintain a smooth temperature gradient in the column. Why is it important to maintain a uniform temperature gradient in a fractionating column? 
This is done in order to maximize the fractional distillation curve. An uneven temperature gradient in the fractionating column results in wrong separation. A proper temperature gradient, however, results in maximizing separation of the components and a better fractional distillation curve. 
3) The boiling point of benzene is 81 ̊C. What is the vapor pressure of benzene at this temperature? 
The vapor pressure of benzene at this temperature is equivalent to the atmospheric pressure. At this temperature the vapor pressure is approximately 1 atm. 
4) What effect does an increase in atmospheric pressure have on the boiling point of a liquid?
With an increase in atmospheric pressure, the boiling point of a liquid decreases. With a decrease in atmospheric pressure the boiling point of a liquid increases. 
5) Why is it important to have cooling water enter the bottom of the condenser and not the top? 
This is done for efficient cooling of the system. If the cooling water enters from the top it results in cooling of the bottom end of the condenser. The objective is for the cooling water to cool the top part of the condenser where the vapor is present. To do this, the cooling water has to enter from the bottom of the condenser. 
6) Compound A has a vapor pressure of 350 mm HG at 95 ̊C whereas compound B has a vapor pressure of 150 mm HG at the same temperature. If A and B are miscible, what is the vapor pressure of a 3:1 mixture of A and B at 95 ̊C. 

Total Pressure= Sum of all partial pressure
                          = 3(350 mm HG) + 1(150 mm HG) 
                          =  1.20E3 mm HG
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