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Introduction

Laboratory 1 was based on thin layer chromatography. Chromatography is the most reliable method to do the purification of the final project for a modern organic preparation. Chromatography is a good way to monitor reactions and it can be used to determine when a reaction is complete. 


In this experiment, a specialized type of adsorption chromatography called thin layer chromatography (TLC) was performed. TLC is used for sample purification, reaction monitoring, and to determine the purity of samples. The most common adsorbent is silica gel. Silica is a polar material and more polar compounds are attracted more strongly to the silica than to the solvent. Therefore they tend to move more slowly up the TLC plate. Less polar compounds are attracted less strongly to the silica, so they move more quickly up the TLC plate. Increasing the polarity of the solvent, makes a polar compound more attracted to that solvent, making it move up the plate faster. Separations are optimized by changing the polarity of the mobile phase. 

The polarity of the compound must be considered when optimizing a separation. This can be estimated by observing the functional groups on the given molecule. Generally, as a compounds ability to participate in hydrogen bonding increases, its polarity increases as well. 


The mixture is dissolved in the mobile phase and it then passes through the silica gel (stationary) phase. When this occurs, a series of spots appear on the plates and each one corresponds to a different compound in the mixture.


The movement of compounds up a TLC plate is described by the Rf value. This is defined by the displacement of the compound divided by the displacement of the solvent front. The Rf value is a measure of the polarity of each component (spot). Non-polar molecules will move quickly through the silica gel and provide larger Rf values, whereas polar molecules travel slower through the silica gel and provide smaller Rf values. The faster molecules will have spots closer to the top of the TLC plate. 
Procedure

Part A: Identifying the components of an unknown mixture using TLC

1. 10mL of 2:8 mixture of ethyl acetate (EtOAc) and hexanes was added to the jar and the lid was placed on the jar.

2. 2 TLC plates were prepared. A pencil was used to lightly draw a line about 1cm from the bottom of each plate and 3 tic marks were equally spaced and out marked along that line.

3. The unknown sample with identification number 100 was obtained from the TA 
4. In a small test tube, 10mg of the sample was dissolved in 1.5mL of dichloromethane.

5. The sample solution was spotted onto both of the TLC plates on the sample lane and on the co-spot lane. The spots were made by using a capillary dipped in the solution and touched on the TLC plates in the appropriate lanes. 

6. Approximately 2mL of benzophenone was placed in a separate test tube. This sample solution was spotted onto one of the TLC plates (from step 2) on the reference lane and the co-spot lane. 

7. Approximately 2mL of biphenyl was placed in a separate test tube. This sample solution was spotted onto the other TLC plate (from step 2) on the reference lane and the co-spot lane. 

8. The TLC plate with the reference solution of benzophenone was placed inside the jar with the silica layer facing the inside of the jar. The lid was put back on the jar. The solvent was allowed to elute until the solvent front was approximately 1 cm from the top of the plate (3-4minutes).

9. The TLC plate was removed from the jar and the solvent line was marked with a pencil. The TLC plate was visualized under UV light and the spots that appeared were circled gently with a pencil. Exact replicas of the TLC plates were drawn in the lab notebook. The Rf of each spot was measured to identify the compounds in the mixture. 

10. Steps 8-9 were repeated using the second TLC plate. 

Part B: Effect of solvent on TLC

1. The developing jar was emptied and 10ml of ethyl acetate was added. The lid was placed on the jar.

2. 2 new TLC plates were prepared using the same procedure described in steps 2-7 in part A.

3. These plates were developed in the jar containing EtOAc as the eluent. The TLC plates were visualized under the UV light and the spots were marked with a pencil. Exact replicas of the TLC plates were drawn in the lab notebook.

4. Steps 1-3 were repeated using 10mL of hexanes as the eluent instead of EtOAc. 
Part C: Ratio of Compounds

1. A small beaker was used to take a vial labeled ZZ which contained a mixture of compounds.
2. The identity of each component of the mixture was determined through TLC comparisons with the reference compounds: ortho-bromonitrobenzene, meta-bromonitrobenzene and para-bromonitrobenzene. The TLC plates were labeled with an O, M, or P to ensure that the plates do not get mixed up. 
3. The TLC plates were observed under the UV light and pictures were taken. 
4. ImageJ was and the appropriate calibration curves were used to determine the ratio of compunds in the ZZ mixture. Instructions were found in Appendix III.
Observations

· All of the solutions used in this experiment were clear and colourless
· Unknown sample from part A was white solid crystals

· TLC were a white colour but turned grey when placed in the solution

· ZZ mixture of compounds was clear and colourless

· Spots under the purple UV light were a light pink colour

· The initial spots at the bottom line of the TLC plate were smaller

· Spots were black coloured under the green UV light
Calculations

Table 1: Raw Data from TLC plates 1-6 (Rf values in bold)

	TLC Plate
	Reference Solution
	Distance Traveled by Solvent (cm)
	Sample(cm)
	Co-spot (cm)
	Reference (cm)

	1
	Bz
	4.7
	3.7 (0.79)
	3.7, 3.0 (0.79, 0.64)
	3.0 (0.64)

	2
	Bp
	4.9
	4.1  (0.84)
	4.1 (0.84)
	4.1 (0.84)

	3
	Bz
	4.7
	4.4 (0.94)
	4.4 (0.94)
	4.4 (0.94)

	4
	Bp
	5.3
	4.5 (0.85)
	4.5 (0.85)
	4.5 (0.85)

	5
	Bz
	5.2
	2.0 (0.38)
	2.0 (0.38)
	2.0 (0.38)

	6
	Bp
	4.6
	1.3 (0.28)
	1.3 (0.28)
	1.3 (0.28)


Bz = Benzophenone, Bp = Biphenyl
Table 2: Raw Data from TLC plates 7-9 (Rf values in bold)

	TLC Plate
	Reference Solution
	Distance Traveled by Solvent (cm)
	Sample ZZ (cm)
	Co-spot (cm)
	Reference (cm)

	7
	 meta- bromonitrobenzene 
	4.7
	1.1, 0.6(0.23, 0.13)
	1.1, 0.6 (0.23, 0.13)
	1.1 (0.23)

	8
	para- bromonitrobenzene
	4.5
	1.1, 0.5 (0.24, 0.11)
	1.1, 0.5 (0.24, 0.11)
	1.1 (0.24)

	9
	ortho- bromonitrobenzene 
	5.3
	2.6, 1.9 (0.49, 0.36)
	2.6, 1.9 (0.49, 0.36)
	1.9 (0.36)


The following calculation shows how to find the retention factor for Part A using benzophenone as the reference solution:

Rf = distance traveled by compound / distance traveled by solvent 
Rf = 3.7cm / 4.7cm

Rf = 0.79cm
Percentage peak of TLC 9:
% peak a = area of peak a / (area of peak a + area of peak b)

                 = 9798.033 / (9798.033 + 5904.104) x 100%

                 = 62.4%

% peak b = area of peak b / (area of peak a + area of peak b)

                  = 5904.104 / (9798.033 + 5904.104) x 100%

                  = 37.6%
According to the calibration curve the amount of the ortho isomer in an orthopara mixture of bromonitrobenzene is given by the formula: y = 1.0114x - 2.0208

Mole % of ortho isomer:  62.4 = 1.10114x – 2.208

                                          64.608 = 1.10114x

                                                     x = 58.6%

Therefore mole % of ortho in mixture is 58.6% while para is 41.4%
Discussion


The goal of this experiment is to figure out what the unknown samples are using thin layer chromatography. The experiment is composed of three parts; the first two parts consist of using three different solvents to determine whether the unknown sample consists of biphenyl or benzophenone. 
In part A, solvent 2:8 ethyl acetate and hexane was used as the solvent. The results indicate that the retention factors are the same; therefore the unknown sample is benzophenone. More polar substances are more attracted to the silica gel therefore they travel slower up the TLC plate and the spots appear lower on the plate. Since the spots are lower, that results in a lower Rf to be calculated. On the contrary, less polar substances are less attracted to the silica gel so it moves more quickly up the plate, allowing the spots to appear higher on the TLC plate. The higher spots give a larger Rf value. The spots observed from the TLC plate that used the reference solution of benzophenone reached a lower position on the plate than the spots provided from the reference solution of biphenyl; consequently benzophenone is the more polar substance.
Part B was basically the same as part A, however 2 different solvents were used so there were a total of four TLC plates produced in this part of the experiment. The first solvent was ethyl acetate. The spots on the first two plates are significantly higher than part A where the solvent was 2:8 ethyl acetate. The reason for this is that ethyl acetate is more polar than hexane, and more polar solvents will allow a polar compound to be attracted to it. Hence the compound will move up the TLC plate faster. For the pure hexane, the spots appear much lower on the TLC plate due to the fact that it is non-polar or have a very low polarity.

During the final part of this laboratory, an unknown solution which is a mixture of two compounds was investigated. The parts of the compound were either meta-bromonitrobenzene, ortho- bromonitrobenzene or para- bromonitrobenzene. The unknown sample was ZZ and the results indicate that it contains para and ortho bromonitrobenzene. Using the image J software and calibration curve, the mole percent of ortho in the compound’s mixture was 58.6% while para was found to be 41.4%.

An error in the experiment was that more than one spot or an unusually large spot could be visualized on the sample line of some of the TLC plates when they were placed under the UV light. This may have occurred due to cross-contamination of the products or substances used, especially since we are week 2 lab students (week 1 may not have cleaned properly). Another source of error could be that the developing jar was not completely cleaned out between different parts of the experiment. Therefore some leftover ethyl acetate may have been left in there which would have affected the results of the following parts of the laboratory. Based on the results, it is reasonable to claim that the thin layer chromatography experiment was successful.  
Questions

1. How does increasing the polarity of the solvent system affect the results of a TLC? 
If the polarity of the solvent is increased, all the components of the mixture will move faster and therefore travel to a higher position on the plate. An example is on part B where ethyl acetate is used as solvent and the dots are higher up than hexane which is less polar.
2. In the following sets of compounds, which would have the smallest Rf on silica gel? Use a sentence to explain your reasoning. 

a. Benzyl alcohol, benzaldehyde, benzyl acetate

Benzyl acetate > benzaldehyde > Benzyl alcohol
b. Aniline, N N-dimethylaniline, naphthalene

Naphthalene > N, N-dimethylaniline > Anilin
c. Benzophenone, Biphenyl, Benzoic acid
Biphenyl > Benzophenone > Benzoic acid
