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PROCEDURE
This experiment was carried out in two parts. Part A was done in order to demonstrate the effect of salting out and how that may influence the migration of a substance towards the aqueous or organic phase. Part B of the experiment involved the extraction of an unknown substance in a mixture of dichloromethane and NaOH(aq). Part B was done in order to determine whether or not the unknown was a mixture of benzoic acid and benzophenone, or benzoic acid and biphenyl. TLC plates were prepared following the extraction in order to conclude the identity of the unknown.
OBSERVATIONS
Several observations were made throughout the course of the experiment. When methylene blue was combined with a mixture of ether and distilled water, the methylene blue settled to the bottom of the test tube in the aqueous phase. When a similar test was performed using methyl red, it migrated to the top of the test tube in the organic phase. After mixing these two test tubes, the blue dye settled to the bottom layer. It was noted that the addition of NaCl(s) to a solution of crystal violet mixed with distilled water and 1-butanol forced the crystal violet into the organic phase of 1-butanol.
Few qualitative observations are to be noted about Part B. The organic layer was found to be much larger in the separation funnel. When adding HCl(aq) to the extracted aqueous phase containing benzoic acid, the Erlenmeyer flask turned warm and the appearance of gas was noted. These notes are elaborated on in the discussion section.

TLC
In TLCs 1 and 2, a spot of unknown was added to the reference (left) column. TLC 1 received a spot of the organic phase collected through extraction in the sample (right) column. TLC 2 received a spot of the aqueous phase collected through extraction in the sample (right) column. TLC 3 received a spot of biphenyl, benzophenone and the unknown in column order from left to right.


TLC 1			TLC 2			TLC 3
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	Column 1
	Column 2
	Column 3

	TLC 1
	0.773
0.423
	0.773
0.371
	0.773

	TLC 2
	0.743
0.419
	0.724
0.381
	0.714
0.343

	TLC 3
	0.885
	0.718
	0.885
0.513


Table 1. Rf values for TLC plates 1, 2 and 3.
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The chart above shows the extraction of benzoic acid and the unknown substance into the aqueous and organic phases. The unknown combined with dichloromethane in the organic phase, while the benzoic acid migrated towards the aqueous phase. This is due to the fact that the benzoic acid was mixed with aqueous NaOH, exposing its polarity and allowing it to settle in the polar aqueous phase. Once the two substances were extracted, the aqueous phase was treated with HCl, in order to protonate the benzoic acid and precipitate it out of solution. The mixture was then filter dried in order to access the solid benzoic acid, which was then massed and applied to TLC 2.
RESULTS

	Unknown no.
	2

	Initial mass unknown sample (g)
	0.78

	Mass benzoic acid obtained (g)
	0.2

	Composition
	biphenyl

	Percent composition benzoic acid (%)
	26.61


Table 2. Experimental masses (g) and composition (%) yield for unknown sample 2.

CALCULATIONS
The Rf values were calculated for TLC 1, 2 and 3 as follows

Rf = distance spot (cm) / distance solvent front (cm)
Rf = 7.5 / 9.7
Rf = 0.773

The Rf value for TLC 1, lane 3 is 0.773. The percent yield of benzoic acid was calculated as shown below, assuming the solubility of benzoic acid in dichloromethane and NaOH is 19.79 g / 100 mL and 60 g / 100 mL, respectively.
	The partition coefficient (KD) is the ratio between the solubility of a certain compound in a solvent, to the solubility of that same compound in a different solvent. The solvents used in this experiment were dichloromethane and aqueous sodium hydroxide, the latter being more compatible with benzoic acid. The KD for the extraction of benzoic acid from dichloromethane and NaOH may be calculated according to the equation

		KD = [C7H6O2]DCM / [C7H6O2]NaOH
		KD = (19.79 g / 100 mL) / (60 g / 100 mL)
		KD = 0.3298

	The partition coefficient (KD) may also be equated to the concentration of benzoic acid in dichloromethane over the concentration of benzoic acid in sodium hydroxide. This equation may be used to predict the mass of benzoic acid that should theoretically be extracted from solution. 15 mL of dichloromethane and 10 mL of NaOH were used in the extraction, where

		KD =  [C7H6O2]DCM / [C7H6O2]NaOH
		0.3298 = ((0.78 g – Y) / 15 mL) / (Y / 10 mL)
		Y = 0.5218 g C7H6O2

By subtracting 0.5218 g from the original 0.78 g, this leaves 0.2582 g of benzoic acid remaining in solution. The method shown above may be used in order to calculate the remaining benzoic acid left in solution after three extractions, as well as the mass of benzoic acid collected from solution, simply be substituting the original mass of 0.78 g with the remaining 0.2582 g. The mass of benzoic acid extracted from solution should theoretically be 0.7517 g.
	The percent yield of benzoic acid may be calculated using the equation

% yield = (experimental mass C7H6O2 / theoretical mass C7H6O2)(100%)
% yield = (0.2 g / 0.7517 g)(100%)
% yield = 26.61%

DISCUSSION
Part A was performed in order to gain a general knowledge of how substances separate according to polarity. When combining methylene blue with a mixture of distilled water and ether, the blue dye settled to the bottom of the test tube. This indicates that methylene blue is a polar substance, seeing as it is miscible with the aqueous (denser) phase. When the same experiment was performed using methyl red, the red dye settled at the top of the test tube, indicating that methyl red is a relatively non-polar substance. This is because it is generally more miscible with ether than it is with water, and therefore would rather combine with the organic (less dense) phase. The most important observation made in part A however, is that when table salt was added to a mixture of distilled water and 1-butanol, containing a small amount of crystal violet, the once all-violet mixture was reduced to a mixture that was violet at the top and clear at the bottom, the border between which being the meniscus between the two phases. The effect of adding table salt to the test tube is that the ionic strength of water is increased once coming into contact with NaCl, thus increasing its polarity. Any substance, like crystal violet that is non-polar, will be pushed into the organic phase, due to the fact that it is not miscible with polar substances like water. These observations and conclusions may be used in order to interpret the data from part B, where mixing benzoic acid with aqueous NaOH actually promotes its compatibility with the aqueous phase.
As demonstrated by the TLC 2, the extraction of the unknown substance from the aqeous phase was not entirely successful. TLC 2 shows a spot of the unknown in the aqueous (sample) column. If the extraction or separation had been completely successful, this spot would be missing from the sample column. This may be due to a number of things, the reality of which are discussed below. Despite this, the sample column of TLC 2 still shows a spot of benzoic acid with an Rf value of 0.343, a valid indication of its presence in the aqueous phase. TLC 1 also confirms the theory in that it shows the benzoic acid absent from the organic column. This is accurate because the benzoic acid was mixed with aqueous NaOH, making it polar, and therefore it was predicted that the benzoic acid would migrate towards the aqueous phase. This is shown in both TLC 1 and 2. Following TLC analysis, the unknown sample was determined to be biphenyl. This is shown in the third TLC plate where the reference and sample spots present an Rf value of 0.885. Thus, while the extraction was not a complete success, the experiment still demonstrated that polar substances are miscible with polar substances and non-polar substances are miscible with non-polar substances.
As shown in the calculations, even three extractions are not enough to completely rid benzoic acid of the organic phase, and it was predicted theoretically that at least 0.0283 g should remain in this less dense phase. That being said, 0.2 g of benzoic acid were extracted from the aqueous phase following treatment with HCl, whereas the theoretical calculations clearly state that 0.7517 g of benzoic acid should be extracted from solution. This gives an overall yield of 26.61% benzoic acid from solution. This means that 0.572 g of biphenyl should have been present in the unknown sample.
There are many reasons for which the extraction was not a success. It is important to note that when emptying the separation funnel, too much of the mixture may have emptied into the beaker containing the bottom (aqueous) layer. It is for this reason that TLC 2 shows a spot of the unknown substance in the sample column, which in theory should have just been benzoic acid in NaOH. In addition, precipitating out and drying the benzoic acid left room for ample sources of error. Too much HCl may have been added to the Erlenmeyer flask containing the aqueous phase, and it is possible that some NaCl also precipitated out of solution. Though this does not explain variation in the percent yield, it is still a possibility.

QUESTIONS
1. It would be difficult to perform an extraction using ethanol and water because these two substances are miscible, meaning they are of similar polarity. This would mean that any polar substance would migrate towards both ethanol and water, and the extraction would be unsuccessful.
2. As demonstrated in part A, methylene blue is a polar substance. Therefore, adding NaCl to a mixture of water and ether would only promote the presence of the blue dye in the aqueous phase. This is because the addition of a salt increases the ionic character of water, thus making it more polar, and therefore more attractive to polar substances like methylene blue.
3. The mass of compound Y removed from solution may be calculated according to the following equations

KD = [Y]water / [Y]ether
		KD = (2 g / 100 mL) / (20 g / 100 mL)
		KD = 0.1

		KD = (Wether / Vether) / (Wwater / Vwater)
		0.1 = ((1.8 g – Y) / 100 mL) / (Y / 100 mL)
		Y = 1.64 g Y removed from solution

4. If 50 mL of ether were to be used in the extraction from question 3, then the mass of compound Y removed from solution may be calculated according to the following equations

KD = 0.1
0.1 = ((1.8 g – Y) / 100 mL) / (Y / 50 mL)
Y1 = 0.3 g
1.5 g remaining

0.1 = ((1.5 g – Y) / 100 mL) / (Y / 50 mL)
Y2 = 0.25
Total mass of Y removed = Y1 + Y2 = 0.3 g + 0.25 g = 0.55 g

5. The student could shake the funnel for a few seconds and wait for the meniscus to appear indicating the border between the two phases. Alternatively, the student could add a few drops of distilled water to the funnel. Because water is a polar substance, wherever the bubbles settle is an indication of the aqueous phase, seeing as the aqueous phase is miscible with polar substances.
6. Benzyl amine and naphthalene have very different boiling points, and therefore their separation could be accomplished through fractional distillation.
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