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Purpose and Objectives:
Part 1 
· To learn methods of purification in terms of distillation 
· Simple distillation of a 50:50 mixture of propanol and butanol
· Fractional distillation of 50:50 mixture of propanol and butanol 
Part2 
· To learn methods of purification by means of extraction 
· To observe the salting out effect for organic compounds partly soluble in water 
· To determine the distribution coefficient of a compound solvent pair 

The Introduction:
	The organics used in this experiment are ethyl acetate, Adipic acid, 1-Butanol, and 2-propanol isopropyl alcohol (Their molecular structures are as follows:)
Ethyl Acetate


Adipic acid


1-Butanol


2-propanol isopropyl alcohol


Part 1: Distillation:
The first part of the lab deals with the process of separation, which is separating two liquids inside a mixture. This method relies on the solubility of the immiscible phases. The liquids are vaporized, condensed and collected back in the receiving flask (vapour condenses in the presence of the cold environment), which are all part of the lab’s setup called apparatus with a receiving distilling flask. The separation can be do ne in two ways in this experiment extraction or washing. In this lab we did one simple distillation and one fractional distillation. In the first part of the simple distillation that is the simple distillation of two liquids, the liquid with the lower boiling point will vaporize and condense just faster than the other liquid. In this process the temperature increases.
This process in effect is a series of a mini steps distillation and not a one long distillation. Each of these mini distillation enriches the mixture in the lower boiling component. The more plates or the more mini distillation the better separation of the two liquids.
As stated in Raoults law that the partial pressure of the pure liquid, times the mole fraction of the compound mixture. Mixtures with higher than expected vapor pressure are called positive deviation, while the ones with lower deviation are called negative deviation. This law basically refers back that mixtures with higher than expected vapor pressure are called positive deviation, while the ones with lower deviation are called negative deviation.
Part 2: Extraction:
The processes of Extractions are method of purification of organic compounds. This method depends upon the difference in solubility of a mixture within two solvents that are immiscible. Extraction moves the desired compounds from on immiscible solvent phase to the other. If the compound stays within a same phase but the impurities do not, it is known as washing. Therefore a seperatory funnel will be used to separate the two layers the organic and the liquid. Once mixed, the moisture is usually distributed unevenly within the two phases. This compound solubility ratio in each of the phases is known as the distribution coefficient, KD. The KD is more accurate with the concentration and has more variation when the concentration is high.
 KD = (A) solvent 1 / (A) solvent 2      or      KD= W1/ V1  divided by  W2/v2
The first equation shows the concentration (A) of a compound in a solvent 1 or 2. The second equation is a simple variation where W1 and W2 represent the amount of the compounds that are dissolved in V1 and V2 which are the volunteers of the solvent. As said there will be two layers where the water dissolved one is the aqueous layer and the other usually darker will be a organic layer.
Part 1A- Simple distillation
Procedure
-Simple distillation apparatus was setup comprised of distilling flask, 150 ml graduated cylinder, thermometer, distillation headed clamps that held it together.
-25 ml instead of 50 ml was used of the 50:50 mixture of 2-propanol and 1-butanol.
- the 25 ml was poured into the distilling flask using the graduated cylinder and a long stem funnel, after the ok was given by TA to conduct experiment. A boiling chip was added after mixture was in distilling flask
-the temperature was recorded after every 1ml of solution in the graduated cylinder. 
-the 10 ml graduated cylinder was emptied into a larger beaker once the solution filled the graduated cylinder. Then it was quickly placed back under the vacuum take off adapter 
Observations 
Table 1: The volume distilled vs. the temperature
	Volume of 50:50 2-propanol : 1-butanol (ml) 
	

	
	
	
	

	Volume of distillate
	Temperature 
	Volume of distillate
	Temperature 

	1
	82
	13
	107

	2
	84
	14
	110

	3
	86
	15
	111

	4
	88
	16
	114

	5
	90
	17
	115

	6
	92
	18
	116

	7
	94
	19
	117

	8
	96
	20
	117

	9
	97
	21
	116

	10
	99
	22
	98

	11
	100
	23
	_

	12
	104
	24
	_



*The mixture was a clear liquid
*it took a long time more than it suppose to take to heat up, and once it started ml of liquid were rapidly evaporating and condensing and filling up our 10 ml graduated cylinder rather quickly
* The vapor could be seen in the distillation head and condensate runs down the condenser.
PART 1 B – Fractional distillation
Procedure 
-The same apparatus was used except we removed the Liebig condenser and replaced it with the fractional distillation. 
-Since the fractional distillation apparatus was larger then the Liebig’s, it required us to elevate the L- bars holding the apparatus in place, that way their was a enough room for the distillation flask at the bottom. 
- At this point since the vacuum take off adapter was now almost a foot from the bottom of the fume hood, we needed to elevate the graduated cylinder so it’s mouth corresponded with that of the adapter.
- This required a tin wash bath box which we reversed so the cylinder could receive the liquid from the adapter. 
-25 ml of the 2-propanol and 1-butanol mixture.
-the temperature was recorded  every 1 ml rather then every 2 ml. 
	Observation 
	Volume of 50:50 2-propanol :1-butanol (ml) 
	

	
	
	
	

	Volume of distillate (ml)
	Temperature (C)
	Volume of distillate (ml)
	Temperature(C) 

	1
	84
	13
	98.2

	2
	84
	14
	102.4

	3
	85
	15
	118.4

	4
	85
	16
	118.5

	5
	85
	17
	118.5

	6
	85
	18
	118.1

	7
	86
	19
	117.1

	8
	86
	20
	115.8

	9
	87
	21
	103.8

	10
	88
	22
	_

	11
	87.6
	23
	_

	12
	85.7
	24
	_






For this table, these data were borrowed from a group
* The fractional distillation did not work unfortuently  because the distillation flask was still hot from the previous distillation that we did, and when the liquid was poured into the distillation flask in preparation for the fractional distillation experiment the liquid splashed, and data was not taken
* The liquid was clear.
* After distillation the apparatus was disassembled and cleaned. 

PART 2A – Extraction of Water Soluble dyes
Procedure
· 1 ml of ethyl acetate was used instead of ether and 1 ml distilled water was measured and poured into a test tube, then one drop of 0.006M solution was added to the solution. 
· the test tube was capped with a rubber stopper and shaken for 10- 15 seconds.
· The mixture was placed in a holder and allowed to rest to allow the two layers to develop. 
· Same process was repeated for the methyl red except instead of placing a drop of methyl blue we placed a drop of 0.006M of methyl red solution.
· We then mixed the two solution together, the methyl blue and the ,ethyl red, and observed the effects. 
Observations 
	Description of dyes
	Observations
	

	Appearance of layers with methyl blue 
	clear 1 mm layer = organic layer, an opaque blue layer approx. 3mm in depth. = aqueous layer

	Appearance of layers with methyl red 
	Water layer 2 mm in depth, slightly blue hue. – Drop water test with distilled water went to the bottom 
-top layer = organic, yellow 2 mm in depth 

	Appearance of layers mixing methyl blue + red 
	The yellow organic layer was on top and a blue layer was at the bottom



Part 2 B – Salting out 
Procedure 
· two test tubes, each containing 5 ml of distilled water, 1 drop of 0.003 M aqueous crystal violet and 0.5 ml of 1-butanol.
· The contents of both tubes were shaken for about 15 seconds, which is the time it took for the crystal violet is distributed throughout both. 
· NaCl was added to one of the tubes, and shaken in order to dissolve the NaCl, then a comparison was made. 
	Description of salting out test tubes
	

	With NaCl
	>1mm of purple at the top. Approx 5 ml of clear at the bottom
- Spatter of purple on the side. 

	Without NaCl
	5ml of consistent solid dark purple liquid



PART 2C 
Procedure 
-Titration apparatus was cleaned and set up at our lab station 
-35 ml of 1 % aqueous solution of adipic acid was poured in 250 ml beaker
-A pipette was used to transfer 10 ml of the adipic solution into a 125 ml Erlenmeyer flask
- A drop of phenolphthalein was added to the adipic solution as the indicator
-The adipic solution was then titrated by 0.05 M of NaOH .
- We repeated this procedure twice, because the first time are skills were rusty and made it too pink, so we insisted on a better result. 
Observations
	Initial volume of adipic acid solution used (ml) 
	10.0ml

	Volume of 0.05M NaOH required to titrate 
	26.0ml

	Concentration of adipic acid in aqueous solution 
	0.13 M

	Millimoles of adipic acid in aqueous layer 
	0.0013mmol



PART 2D 
Procedure
-A second 10 ml sample of adipic solution was transferred into a separatory funnel using a pipette
-10ml of ethyl acetate which was measured using a small 10 ml graduated cylinder, was added to the funnel and shaken for 10-15 seconds
- the funnel was inverted and the stop cock was opened 3 times in order to vent the mixture
-the funnel was placed in a holder, the layers now had separated enough for us to distinguish them . The aquoues layer contains the adipic acid and is below the ethyl acetate. 
-the  aqueous layer was then collected in a Erlenmeyer flask then titrated with 0.05 M of NaOH  using phenolphthalein as an indicator
Observations
	Initial volume of adipic acid solution used (ml) 
	10.0ml

	Volume of 0.05M NaOH required to titrate 
	17.1ml

	Normality of adipic Acid solution
	0.0855m/l

	Concentration of adipic acid in aqueous solution 
	0.04275M

	Millimoles of adipic acid in aqueous layer after 1 extraction
	0.04275M

	concentration of adipic acid in ethyl acetate layer after 1 extraction
	0.03325mmol

	Millimoles ofadipic acid in ethyl acetate in aqueous layer after 1 extraction
	0.3325 M

	KD ( ethyl acetate: Water) for adipic acid after 1 extraction
	0.773



PART 2E 
Procedure
-the separatory funnel is cleaned . Another 10 ml of the adipic acid are transferred in the funnel. 10 ml of ethyl acetate is added, and the shaking/venting procedure is repeated as before 
-The layers seperate and the aqoues phase is collected in an Erlenmeyer flask, and the organic layer is discarded
- the aqueous layer is placed back in the separatory funnel , another 10 ml of ethyl acetate is added as before the aqueous layer is collected by Erlenmeyer flask and is titrates with 0.05 NaOH. With 3 drops of phenolthaleine  added to the flask as an indicator. 
Observations
	Initial volume of adipic acid solution used (ml) 
	10 ml

	Volume of 0.05M NaOH required to titrate after 2nd titration
	8.7 ml

	Millimoles of adipic acid in aqueous layer after 2 extraction
	0.0434

	Concentration of adipic acid in aqueous solution after 2 extraction
	0.0217

	Millimoles of adipic acid in ethyl acetate layer after 2 extraction
	0.217

	concentration of adipic acid in ethyl acetate layer after 2 extraction
	0.1155

	Total milimoles of adipic acid removed by 2 ethyl acetate extractions
	0.01155

	Millimoles ofadipic acid in ethyl acetate layer after 1 extraction
	0.3325

	Millimoles ofadipic acid  in aqueous layer after 1 extraction
	0.217

	KD ( ether:water) for adipic acid for the second extraction 
	0.532





Calculations:













Discussions:
Part A:
In this part observe the creation of layer of two immiscible solvents. The organic layer, which dissolves methyl red, was on the top. The aqueous layer, which dissolves methylene blue was at bottom. Observation in this part were as expected. The only error that happened in this part was the mixture wasn’t completely identical at first, we had a very blur mixture at beginning but then two layers were visible after.
Part B:
In this part we observed the salting out effect. The mixture of 1-butanol and distilled water with the drop of violet and error occurred here were a drop and half was added to the mixture and not two. This showed that 1-butanol is partly soluble in water. By adding salt we can increase ionic forces of water and the organic is being removed from the water. So the purple layer which is 1-butanol and less dense than water is now on top. It was clear a liquid

Part C:
In this part of lab, we found the coefficient of distribution. Using concentration and volume NaOH and adipic acid, we found the concentration of adipic acid. The value of KD was found after one or two extraction. It was different, because the concentration steps. When we did two extractions the value of KD increased a little bit. This is due to the fact extracting twice, more adipic acid was solved in the top layer and less in the aqueous layer. Since the layer border was hard to see at the neck of the funnel this can improved by being more accurate in separating the two layers.

Questions:
1) To effectively separate an aqueous mixture of methyl red and methylene blue, use an organic solvent. By adding an organic solvent such ethylene acetate, the methyl red (which is quite soluble in organic solvents) will separate from methylene blue (not as soluble in organic solvent) which will stay in aqueous layer.
2) Adding NaCl to a test tube containing methyl blue and ether would decrese the solubility of the organic compund in water. Therefore increasing the ionic strength of the water and salt and decreasingthe ionic strength of the water and the organic compound, which would cause the inorganic compound to become insoluble seeing as it’s bonds with water are being replaced by the bonds the water is making with the NaCl. 
3) Distribution coefficient (water/ethylene actetate)
a. KD=(W1/V1)/(W2/V2)
b. KD=(5.0g/100ml)=0.20 and this will dissolve in 
(25.0g/100ml) of ethylene acetate for every 0.2g dissolved in water
c. KD=(3.00-X/100)/(X/100) where X will equal to 2.5g
4) For the first extraction (Water/ethylene acetate)
KD=(W1/V1)/(W2/V2)
0.2=(0.3-X/50)/(X/100)
0.2=2(3.0/X)-2                              X=2.73g
For the second extraction 
KD=(W1/V1)/(W2/V2)
0.2=(0.27-X/50)
0.2=2(0.27/X)-2                            x=0.25g giving off a total of 2.98g 
5) The separation of benzoic acid from naphthalene is done by targeting benzoic acid reactive properties considering they are similar in solubility and every other characteristic. So Adding a base to deprotonate the benzoic acid and make it soluble in water would allow you to separate naphthalene and benzoic acid in a ethyl acetate solution.
6) If a student loses tract of the layers during an extraction they can perform the water drop test which we performed in the methyl red salting out effect . When you add a drop of water to the test tube you can see which layer the drop of water is attracted to which is the aqueous solution. Whichever layer the the water droplet goes to is the aquoues therefore the other would be the organic. 
7) Fractionating column which was used in this lab is a basically piece of glassware used to separate vaporized mixtures of liquid compounds with close volatilities, and this case it was for adipic acid that was used throughout 3 soultions. Fractionating columns separate the mixture by allowing the mixed vapors to first cool, condense, and vaporize again which is the Raoult's law. With each condensation-vaporization cycle, the vapors are enriched in a certain component. A larger surface area allows more cycles, improving separation, so basically we use it to easily separate the mixture.
8) – A frationing column is efficient because as vapor rises it condenses on the wool, however the hot vapor rising forces some of this condensate that contains some of the lower boiling componenet to re-vaporize and continue on, whereas the condensate that is of the higher boiling point remains and falls back into the boiling flask until a higher temperate allows it to fully vaporize. So if the frationing colum lacks insulation/ lacks a smooth temperature gradient the condensor is unable to re-vaporize the condensate on the glass wool due to it being lost throught the condenser itself. 
9) The vapor pressure of benzene at this temperature will be 760 torr at its boiling point 81C.
10) Increasing atmospheric pressure would increase the boiling point. As a substance can only boil when the pressure equals that of the external pressure. Before that point bubbles can not form in the liquid due to the external pressure being greater then the internal pressure therefore collapsing the bubbles tat would otherwise form if equal. 
11) It is important to have a cooling water enter bottom of condenser and top because if you would to look at the apparatus you will find that the condenser is the main connector between initial and final solution and the bottom part is for the water to cool the solution and the top cant be for this function because it is where the water goes in and out.
12) Using Raoults law indicates that the vapor pressure of a 3:1 ratio of a mixture of a and b at 95 degrees Celsius can be found using raoults equation of Ptotal= PA + PB. 
Ptotal= PA+ PB		Pressure of A= 350 mmHG 	Pressure of B= 150mmHG
= 3(350mmHG) + 1(150mmHG) 
= 1200mmHG 
Therefore a mixture of 3:1 ratio of liquid A and B results in a vapor pressure of 1200 mmHG.This coincides with Raoults law, that the vapor will contain more of liquid A which has the higher vapor pressure then is present in the liquid. 





