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Procedure
Follow procedure as described in the laboratory manual (Experiment 2: Purifying Chemicals by Distillation, 2014 pp. 1-7). A modification to the procedure was with the 100 mL distillation flask. It was replaced with a 50 mL distillation flask. 

Observations
-The 50:50 dichloromethane:ethyl acetate mixture was colourless, translucent, had a strong odour, and was a viscous liquid. 
-The distillate had the same appearance as the 50:50 mixture. 
-The heating mantle takes about 3 minutes to warm, followed by bubbling of the content in the distilling flask, fogging in the condenser, and distillate slowly dripping into the receiving flask. 
-At the end of the distillations, the distilling flask was hot, whereas the tube where the water was coming out of as well as the condenser were cool. 
-The fractional distillation took a longer period of time than the simple distillation.

Table 1: Simple Distillation of 50:50 Dichloromethane:Ethyl Acetate
	Volume of Distillate (mL)
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	Temperature (°C)
	48.5
	51.0
	52.5
	54.0
	54.5
	55.0
	55.0
	56.5
	58.5
	59.5
	60.5
	61.5

	Volume of Distillate (mL)
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24

	Temperature (°C)
	63.0
	64.0
	64.5
	66.5
	69.0
	70.0
	71.0
	72.0
	73.5
	74.0
	74.0
	70.0



Table 2: Fractional Distillation of 50:50 Dichloromethane:Ethyl Acetate
	Volume of Distillate (mL)
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Temperature (°C)
	41.0
	41.0
	42.0
	42.0
	42.5
	43.0
	47.0
	52.5
	57.5
	56.0

	Volume of Distillate (mL)
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20

	Temperature (°C)
	53.5
	52.0
	56.0
	59.0
	61.5
	62.0
	63.0
	63.0
	62.0
	60.0





Figure 1. Temperature vs Volume for Simple Distillation 50:50 Dichloromethane:Ethyl Acetate
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Figure 2. Temperature vs Volume for Fractional Distillation 50:50 Dichloromethane:Ethyl Acetate
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Discussion
	The purpose of this experiment was to distill a 50:50 mixture of dichloromethane:ethyl acetate, using simple and fractional distillation methods and to compare them. It was found that fractional distillation is more effective, as it takes more time, and essentially, condensation occurs multiple times for more clear results. 
	The structures and compositions plays a role in boiling points. Boiling points are the temperature at which the vapour pressure and the atmospheric pressure are equal. The boiling point of dichloromethane was around 39.6 degrees celsius, whereas it was around 77.1 degrees celsius for ethyl acetate. Dichloromethane is therefore less stable and more volatile, indicating that it would be the first compound to distill in the experiment. The difference in their boiling points allows for separation.
	Throughout the experiment, it is expected that the curve produced on a temperature vs volume graph is sigmoidal, with the plateaus not as prominent. The plateaus would correlate with the boiling points of each of the compound, and the jump seen in between would indicate that there is no more of the first compound, and the content is heating to reach the boiling point of the second compound. Simple distillation was not as effective as seen in Figure 1, with a linear graph. Although there is a difference in boiling points of the two compounds, at the boiling point of the dichloromethane, ethyl acetate gas is still present. With an increase in temperature, there is an increase in the amount of gas of ethyl acetate present. Both compounds get distilled together at the same time without separation. Initially, there was more mole composition of dichloromethane, with less ethyl acetate, and as the temperature increased, dichloromethane evaporated, resulting in less dichloromethane and more ethyl acetate in the vapour. The drop at the end of the graph in Figure 1 indicates that there is no more mixture left to distill, therefore no vapour is being produced that heats the thermometer. Ideally, there is not supposed to be the same volume of distilled mixture considering some vapour is left over in the apparatus. 
The fractionating column on the other hand is densely packed with aluminum. The presence of aluminum increases the surface area. Through this process, the vapour can vaporize and condense multiple times. The increase in surface area allows for cooling, meaning that if the less volatile compound is present in the vapour, it will be able to condense in the column and drip back down into the distilling flask, where it will be able to properly condense in the column at the right temperature. This method separates the two compounds more effectively. The results expected was a sigmoidal graph, with more prominent curves than with simple distillation. The temperature was supposed to plateau at the beginning, and around halfway through the distillation, a big increase in temperature, followed by another plateau. The jump in temperature would be the point at which the compound with the lower boiling point has finished distilling, and the compound with the higher boiling point has just began. The results obtained from the experiment do not clearly demonstrate that due to various sources of errors discussed below. A slight plateau is seen at around 42 degrees celsius, which correlate with the boiling point of the dichloromethane. Next, at about halfway, a drop in the temperature is seen. This drop may be a result of all of the dichloromethane evaporating, but the mantle is not providing enough heat to reach the boiling point of ethyl acetate to start its distillation. 
Before commenting on the purities of the compounds, it is important to note that the experiment had various errors. If the results are based solely on the values seen in Figure 2, the first plateau is at around 42 degrees when 40 is expected, the second is around 63, when a value of 77. Neither of the compounds are pure, but dichloromethane is more pure than ethyl acetate since it deviates less from the expected boiling point. 
The most important error in the following experiment was with the heating. The variac voltage regulator that the mantle was connected to did not show the temperature to which it heated to, and the temperature of the mantle or the content in the distilled flask was not measured. The experiment dealt with substances with low boiling point, meaning overheating could easily occur, explaining inconsistencies in Figure 1 and Figure 2. Next, when reading the volume in the receiving flask, the drops resulted in constant displacement resulted in lack of precision in both the volume as well as temperature. Moreover, the fractionating distillation was  specific in terms of the heat that had to be applied. Not enough heat has been applied for the second compound to boil, which resulted in the sudden drop in temperature at about halfway, seen in Figure 2. On the other hand, if the temperature was set too high, the distillation would occur at a faster rate, not giving enough time for proper interaction in the fractionating column. This is also referred as flooding. Since there are many parts to the apparatus and none have proper seals, leaks could have occured to explain the inconsistency. 
	An improvement in terms of apparatus would be equipment that would accurately be able to display when the volume of the distillate has gone up by each millilitre, as well as measuring the temperature with a computerized thermometer at that specific volume. Having a system to monitor the temperature of the distilling flask would decrease overheating or under heating issues. With the fractionating column, an improvement would be to wrap it in tin to maintain a better temperature gradient. Next, ensuring seals are properly made between each part is important, as well as ensuring the thermometer is securely attached, not allowing any vapours to escape. 

Questions
1. The boiling point of ethanol is around 78 degrees celsius whereas toluene is around 110 degrees celsius. The difference in temperatures is around 32 degrees celsius. The distillation of these mixtures is possible. Using a fractionating column would result in more effective results, and since the difference is less than 100 degrees celsius, simple distillation would not be effective. 
2. The extra surface area in the fractionating column results in a greater opportunity for cooling from the surroundings. If the temperature decreases too much, the gas would condense before its time, resulting it to drip back down into the distilling flask and never reach the condensing tube. Wrapping the column in tin would result in more uniform temperature gradient. 
3. The boiling point is the temperature at which the vapour pressure is the same as the atmospheric pressure. The vapour pressure of dichloromethane at 39.6 degrees celsius, its boiling points, is therefore 1.0 atm. 
4. Increasing atmospheric pressure would result in an increase in boiling point. With an increase in pressure, the shift is to the liquid phase, hence increasing the boiling point. 
5. If the water enters from the top, gravity will result in it pouring down to the bottom, from which it will exit. The top part of the condenser will therefore not fill up with the water, and not perform its function of cooling. Condensation of the gas will not occur. When it enters from the bottom, since the flow is coming from that way, it has no way of exiting but from the top, and once it is at the top, the condenser is already filled and is able to cool. 
6. Ptotal = (Pa)(Na) + (Pb)(Nb)
	=(350mmHg)(0.80) + (140mmHg)(0.20)
	=280mmHg + 28mmHg
	=308mmHg. Therefore, using Raoult’s Law, the vapour pressure would be 308mmHg. 
Lower, Stephen. “8.9: Distillation.” Chemistry LibreTexts, National Science Foundation, 24 Nov. 2018, chem.libretexts.org/Bookshelves/General_Chemistry/Book:_Chem1_(Lower)/08:_Solution_Chemistry/8.9:_Distillation.
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