
Introduction

The purpose of the lab was to purify a mixture of solutions and separate it’s components through their difference in boiling points using a process known as distillation. In this experiment, a simple and fractional distillation were performed.

A simple distillation works on the basis of using the difference in boiling points of compounds to separate them. As the temperature of the solution reaches the boiling point of the component with the lower boiling point it begins to vaporize and purify before condensing back into a liquid into a receiving flask. The same occurs for the other component when the solution has reached it’s boiling point. 

A fractional distillation is the same as a simple distillation except for the addition of a fractional column containing metal wool. This acts as a packing surface upon which the liquid can vaporize and condense multiple times, providing a better separation than a simple distillation and ensuring pureness.


Procedure

Simple distillation
1. 50 mL of an even mixture of 2-propanol and 1-butanol was measured and added to a flask with a stir bar.
2. A magnetic stirrer and a heating cushion were obtained. The flask containing the mixture was clamped and placed onto the cushion on top of the stirrer.
3. A distillation head was clamped onto the flask followed by the condenser and takeoff adaptor.
4. A 50 mL graduated cylinder was used as a receiving flask.
5. A thermometer was placed through the top of the distillation head ensuring the tip was just below the opening of the condenser.
6. A rubber hose was connected from the condenser to the condenser of the adjacent group.
7. A second rubber hose was connected from the condenser to the drain.
8. The cushion was heated and the water was turned on to allow the solution to cool.
9. Temperature was recorded for every 2 mL of distillate collected in the receiving flask.

Fractional distillation
1. Same apparatus was used from the simple distillation.
2. A flask was filled with another 50 mL of an even mixture of 2-propanol and 1-butanol.
3. A fractioning column was attached to the flask followed by the distillation head, condenser and takeoff adapter.
4. The cushion was heated and the water was turned on to allow the solution to cool.
5. Temperature was recorded for every 2 mL of distillate collected in the receiving flask.




	Simple distillation

	Volume of 50:50 2-propanol : 1-butanol

	Volume of Distillate (mL)
	Temperature (°C)
	Volume of Distillate (mL)
	Temperature (°C)

	2
	80.5
	26
	94.7

	4
	84.1
	28
	95.4

	6
	85.6
	30
	97.7

	8
	86.7
	32
	98.0

	10
	88.2
	34
	100.7

	12
	89.0
	36
	103.3

	14
	89.5
	38
	103.5

	16
	89.7
	40
	109.0

	18
	90.7
	42
	110.0

	20
	91.8
	44
	106.3

	22
	92.2
	46
	105.3

	24
	93.7
	48
	82.3


Observations
1. Solution in flask vaporized into the condenser where it was cooled by the running water and condensed back into the receiving flask.
2. Fractioning tube contains metal wire. 
3. 50:50 mixture of 2-propanol : 1-butanol used for distillations.
4. Mixture: clear, colorless, strong odor.
5. Aluminum foil was used to retain heat and ensure an even heating gradient.

Results



	Fractional Distillation

	Volume of 50: 50 2-propanol : 1-butanol

	Volume of Distillate (mL)
	Temperature (°C)
	Volume of Distillate (mL)
	Temperature (°C)

	2
	84.7
	26
	99.1

	4
	85.5
	28
	102.4

	6
	86.4
	30
	105.8

	8
	87.1
	32
	109.0

	10
	87.8
	34
	112.2

	12
	88.9
	36
	114.4

	14
	89.5
	38
	115.7

	16
	90.3
	40
	116.5

	18
	91.6
	42
	116.8

	20
	93.2
	44
	117.0

	22
	94.6
	46
	117.1

	24
	96.8
	48
	116.7




Distillation Graphs

Graph 1: Change in temperature during simple distillation of 50mL of a 50:50 mixture of 2-propanol : 1-butanol.




Graph 2: Change in temperature during Fractional distillation of 50mL of a 50:50 mixture of 2-propanol : 1-butanol.


Discussion

Distillation is the process by which components are separated and purified based on their difference in boiling points. In this experiment, a 50:50 mixture of 2-propanol and 1-butanol was used. These components differ as 1-butanol has a longer hydrocarbon chain (1 more carbon) than 2-propanol which causes an increase in molecular weight and thus an increase in boiling point. Both components are alcohols and contain a polar hydroxyl group due to the electronegativity difference between the oxygen and hydrogen. This polarity increases the boiling point as it is takes more energy (heat) to break hydrogen bonds than non-polar compounds which only contain london dispersion forces. Both compounds have all three types of vanderwaals forces (hydrogen, dipole and LDF). All of these factors lead to 1-butanol (117.4 °C) having a higher boiling point than 2-propanol (82.6 °C).

Graph 1- simple distillation

From our results during the lab, we obtained a relatively straight-line meaning that temperature constantly increased as the volume of distillate increased. We know that this is incorrect and that, ideally, a greater separation of the components within the mixture should have been observed. This would have resulted in a smaller “s” shape similar to that of the fractional distillation. Initially, the compound with the lower boiling point (2-propanol) will be removed and the vapor should be enriched in this component. As the distillation continues and the temperature rises, the component with the higher boiling point will begin to vaporize and be collected in the receiving flask. This did not occur in the simple distillation as there was no fractioning column or device used to ensure that the compounds were fully separated before being collected. Instead, the sample being vaporized contained a mixture with a larger fraction of 2-propanol and a lower fraction of 1-butanol at the beginning. Consequently, a pure substance was not being collected and there was minimal separation. In addition, their boiling points are relatively similar. Due to the fact that only a single distillation is occurring, a large difference (>100 C) in boiling point is required to ensure only one compound is vaporizing at a time. Raoult’s law also explains how the mole fraction of the components in the vapor changes with respect to their pressures.

Graph 2- fractional distillation

In this portion of the lab, we obtained an “s” shaped curve, which was expected. The beginning of the distillation began with a plateau around 80 °C, representing when 2-propanol first began to vaporize. A mixture consisting of mainly 2-propanol and some 1-butanol vaporized and re-condensed on the packing material inside the fractioning column. As heat rose from the bottom of the fractioning column, the liquid on the packing material re-vaporized. As this process continues, the mole fraction of 2-propanol in the vapor significantly increases as multiple distillations are occurring. Consequently, 1-butanol dripped back down the fractioning column to ensure the components were separated. In addition, this further increases the mole fraction of 1-butanol (which has a higher boiling point) in the initial flask.  The fractioning column is what differentiates fractional distillation from simple distillation. Effectiveness is greatly increased as the surface area within the column increases because there is a larger surface upon which, condensation and vaporization can occur. After this initial plateau and all of 2-propanol is collected, an increase in temperature occurs followed by a second plateau. This plateau occurs around 117 °C, representing the point at which 1-butanol began to vaporize. At this point in time, the vapor consists of mainly 1-butanol and minimal amounts of 2-propanol. As condensation and vaporization occurs multiple times on the pack material, a purer substance (containing 1-butanol) is collected. Both plateaus within the graph represent the separation of each component of the mixture.

Many sources of error can account for the inaccuracies in this lab. Improper placement of the thermometer in the distillation head would cause the temperature readings to differ from their actual temperature. Also, if the tip of the thermometer were touching any glass within the apparatus, the temperature recorded would be the temperature of the material rather than the vapor itself. Another error may involve any unknown leaks during the setup process, causing less distillate to be collected than the initial amount. Furthermore, there was an insufficient amount of pressure required for all the vapor to enter into the condenser and thus only 48mL of distillate were collected in each trial. One of the most significant errors in the lab involves the amount of energy put into the system and the temperature. If the temperature is too high, the substance with the higher boiling point will begin to vaporize before the substance with the lower boiling point has been fully distilled. This occurred during the fractional distillation and is apparent by the slope of the graph. As a result, both compounds will vaporize together and there will be minimal separation. Oppositely, if an insufficient amount of heat were applied to the system, none of the components of the mixture would vaporize and no distillate would be collected.


Questions

1) You must have liquid flowing back through the fractioning column to get separation of the components. As the solution vaporizes into the condenser, the packing material blocks the vapor from condensing and directly entering the receiving flask. This vapor is not completely pure and contains a larger amount of one component and a smaller amount of another. When the sample vaporizes and condenses on the packing material multiple times, the vapor becomes purer as the component that should not be vaporizing condenses and drips back down the fractioning column.

2) It is important to maintain an even temperature gradient to ensure better separation between the components and to ensure that you know which component is distilling. Since fractional distillation is performed for solutions containing compounds with similar boiling points, if the temperature is unknown or varies within the fractional column both components may be vaporizing and condensing at the same time and no separation would occur. 

3) The boiling point is the temperature at which the pressure exerted on the liquid is equal to the vapor pressure of the liquid. In our lab, the vapor pressure at the boiling point of benzene (81°C) is approximately at the pressure of the atmosphere (1 atm).

4) Increasing the atmospheric pressure will increase the boiling point of a liquid. The pressure exerted on the liquid must be equal to the vapor pressure of the liquid.



5) Since the vapor at the top of the condenser is the hottest, water flowing through the top would be heated by the vapor and the entire condenser would be circulated with warmer water. If the water enters through the bottom, the vapor travels down the condenser towards the cooler water to ensure complete condensation.

6) PTotal= (PA)(NA) + (PB)(NB)
        = (350mmHg) (3/4) + (150mmHg) (1/4)
        = 300mmHg
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