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Introduction
· TLC stands for Thin Layer Chromatography and is used to compare polarities of different compounds. As stated in the manual, it can also be used to monitor reactions, for sample purifications, and for determining the purity of samples. 
· TLC has two phases, the mobile phase and the stationary phase, used to separate mixtures by using the differences in their solubility 
· The mobile phase is the eluent (the solvent system), which passes through the stationary phase, the adsorbent (the silica gel found on one side of the TLC plate). 
· Due to the movement that these two phases have with one another, adsorption chromatography can be seen as a continuous extraction. 
· Compounds are added to the TLC plate in the form of a dot, one reference compound, and one sample compound. Both of these compounds have their own lane on the plate, but there is a third lane to which both compounds are applied to allow the observation of even minute differences in the height of the spot. 
· When the TLC plate is placed in the solvent system, it is referred to as development of the plate, and once it is taken out of the eluent, is dried, and then observed under a UV light it is referred to as visualisation of the plate. 
· Silica gel is polar and therefore interacts with polar compounds added to the TLC. The more interaction there is between the stationary phase and the compound, the slower the compound will move up the plate. Meaning, the higher the polarity of the compound, the slower it will move up the TLC plate. This is how differences in polarity can be shown between compounds on one TLC plate. 
· The relative movement of the dot that the compound creates on the TLC plate is the Rf value, which represents the measure of polarity, and is measured by dividing the displacement of the compound (d1) by the displacement of the solvent front (ds), expressed through this formula:

· The polarity of the solvent system can also be altered. Increasing the polarity of the eluent makes all the compounds move more quickly up the plate (the polar substances still do not move quite as fast as the nonpolar ones because the nonpolar do not interact with the silica gel and are therefore allowed to move much more quickly up the plate). 
Procedure and observations:
Part A: Identifying the components of an unknown mixture using TLC
· The developing jar was prepared by adding 10ml of 2:8 ethyl acetate (EtOAc) and hexanes, measured out using a graduated cylinder, to a jar and then covering with the lid. 
· Two TLC plates were prepared:
· Used pencil to draw a line about a centimeter from the bottom of the plate on the side of the plate with the silica gel, taking care not to touch the silica gel with our fingers. 
· Three lanes were drawn on it – for the reference material, the co spot, and the reaction mixture. The lanes were drawn a minimum 3mm apart as well as 5mm away from either edge of the plate. 
· The lanes are labelled SM (reference material), Co (co spot), and Rxn (reaction mixture) respectively
 SM
Co
Rxn





· The unknown sample 34 was obtained from the lab demonstrator.
· One medium size crystal of the unknown sample was dissolved in approx. 2ml of dichloromethane. 
· The crystal of unknown sample dissolved in dichloromethane was then use to spot the two TLC plates earlier, on first the Rxn lane and then the Co lane (where the pencil line intersects with the lane). The spots were made as small as possible. 
· 2ml of the reference solution benzophenone was obtained and put in a labelled test tube, and was then used to spot ONE of the two TLC plates from the previous step in both the SM lane and the Co lane. This TLC plate was marked at the top so as to avoid confusion in later steps. 
· Note: extra care was taken to handle the capillaries gently so as not to break them, and the capillary was cleaned with dichloromethane between every spotting 
· 2ml of the reference solution biphenyl was obtained and put in a labelled test tube, and was then used to spot the other of the two TLC plates from the previous step in both the SM lane and the Co lane. This TLC plate was marked at the top so as to avoid confusion in later steps.
· The TLC plates were placed (one at a time) in the developing jar from the first step so that the solvent was below the pencil line and so the silica gel was facing up and away from the eluent. 
· The TLC plates were kept in the developing jar until the solvent front was approximately 1cm from the top of the plate. (In other words the plates were developed)
· The TLC plates were removed from the developing jar and the solvent front was marked with pencil before the plate was dry. 
· The plates were left to dry, the eluent allowed to evaporate, for approximately 30 seconds (or until the solvent front was no longer visible except for the pencil line) and then visualized using the handheld UV light.
· The dots were circled lightly with a pencil and then the Rf values were measured for the SM lane and the Rxn lane (from the beginning line to the centre of the dot) 
Results: 
Eluent (Solvent system)- EtOAc: Hexanes, 2:8

SM
Co
34
SM
Co
34








Calculations:







Part B: Effect of solvent on TLC
· The solvent system from part A was disposed of in the solvent waste bin in the fume hood, and was replaced by 10ml of ethyl acetate, and the lid was once again placed on the jar to prepare the new solvent system.
· Two new TLC plates were prepared as they were in part A
· The plates were developed the same way as in part A, but this time in the jar with the EtOAc as the solvent system, and then were visualised under the UV light.
· The dots were traced with pencil and the Rf values were calculated for both the reference compound and the unknown sample from both TLC plates.
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· The solvent system from the first step of part B was disposed of in the solvent waste bin in the fume hood, and was replaced by 10ml of hexanes, and the lid was once again placed on the jar to prepare the new solvent system.
· Two new TLC plates were prepared as they were in part A and in the second part of part B
· The plates were developed the same way as in part A, but this time in the jar with the EtOAc as the solvent system, and then were visualised under the UV light.
· The dots were traced with pencil and the Rf values were calculated for both the reference compound and the unknown sample from both TLC plates.





Eluent (Solvent System) – hexanes
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· The effects of changing the solvents on the Rf values of each compound as well as general observations of the differences between the two TLC plates due to the difference in polarity of the solvents were noted as such:
When the solvent’s polarity was higher (ethyl acetate) all the spots moved up the TLC plate faster than when the solvent was non polar (hexanes). 
Part C: Ratio of compounds 
· 2ml were obtained of the following solutions and were put in separate test tubes
· The unknown mixture of compounds XX
· Reference solutions: o-bromonitrobenzene, m-bromonitrobenzene, p-bromonitrobenzene
· 10ml of the 9:2 ratio solution of hexanes: ethyl acetate were obtained and put in a jar to prepare as the developing solution. 
· The 9:2 ratio was chosen instead of the 8:2 because it will lower the spots slightly and make it clearer to see and analyse the visualised TLC plates
· Three TLC plates were prepared like in parts A and B, but the reference solutions have changed to what was listed above, and the sample solution is now the XX mixture. 
· The three TLC plates were then developed separately in the 9:2 solution of hexanes: ethyl acetate 
· They were left in the developing jar with the lid on until the eluent reached approximately 1cm below the top of the TLC plate, just like in parts A and B
· Once removed from the jar, the solvent front was marked, and let to dry all three of the TLC plates were visualised under the UV light.
· Pictures of the visualised TLC plates were taken. 
This is what was observed: 
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Discussion
Part A:
In this part of the lab the TLC plates turned out clearly and as expected. In the solvent system of EtOAc: Hexanes with a ratio of 2:8, the two reference materials were benzophenone and biphenyl, and the sample was the same for both TLC plates, the unknown sample 34 in dichloromethane.
With the reference sample benzophenone the Rf value of the sample was higher than that of the reference compound. With biphenyl the Rf values were the same for the reference compound and the sample compounds. 
Therefore it can be concluded that the unknown sample #34 was biphenyl since the Rf values of the same. 
The results of the TLC make sense because:
· Benzophenone is polar and biphenyl is not, and that’s why the dot for the reference compound (benzophenone) is lower on the TLC plate than the dot for the unknown sample. 
· Since biphenyl is nonpolar it moves up the TLC plate much more quickly than polar substances because it is not attracted by the polar silica gel; and since benzophenone is a polar compound it’s interactions with the polar silica gel make it so that it’s progress up the TLC plate is slower.
· This is reflected in the smaller Rf value for benzophenone than for biphenyl. 

Part B:
In this part of the lab there was some confusion with the results of visualising the TLC plates in the solvent system of purely ethyl acetate because both plates (with two different – one polar one nonpolar – reference compounds) looked almost identical. Once this section was completed it was clear that this was due to the polarity of the mobile phase (the eluent). 
Ethyl acetate (EtOAc) has a higher polarity than hexanes, therefore
·  By using 100% EtOAc for the eluent its polarity interfered with the interactions between the silica gel and the compounds spotted on the TLC plates. By increasing the polarity of the solvent from part A (the solvent is no longer a mixture of a polar and almost nonpolar solutions, EtOAc: hexanes) it means that all the compounds spotted will move much faster up the TLC plate. For biphenyl, the Rf value was once again the same as that of the unknown compound. For benzophenone it moved much faster up the plate than in part A, but still not quite as fast as the reaction compound. 
· The confusion was by how much faster they would move up the plate. It was not expected for them to have almost the same Rf values for benzophenone and the unknown compound 34, which was indeed the case. 
· The high polarity of the eluent had the effect that the dots were much closer to the solvent front than in part A
· By using 100% hexanes for the eluent there was almost no interference between the interaction of polar substance benzophenone and the silica gel, therefore it barely moved away from the initial pencil line on the TLC plate, whereas the unknown compound 34 succeeded to move much further up the plate. Again, biphenyl and the unknown compound had the same Rf even with the change in solvent system. 
· The low polarity of the eluent resulted in the dots for the polar compound to be very close to the starting line on the plate, but the nonpolar compound to move significantly higher up the plate. 
All of this agrees with part A in identifying the unknown compound #34 as biphenyl. 
Part C:
For this part of the experiment there were a lot more difficulties. Given an unknown mixture of compounds, XX, was to be determined using hexanes: ethyl acetate, 9:2 as a solvent system and using the ortho, para, and meta forms of bromonitrobenzene as reference compounds. The XX mixture was known to contain two of these three compounds. 
It was determined that the unknown compound XX contained ortho and meta, since it did not have the 3 consecutive spots as the other two TLC plates did. Unfortunately all three of these TLC plates were streaky and hard to visualise clearly. 
A big mistake in this part of the lab occurred when taking the pictures of the visualised TLC plates.
· One of the TLC plates was drawn on when it should not have been, making it harder to comprehend, and could possibly have created errors with the imageJ software. 
· The pictures were taken on an angle because the UV light box was not set up and a good view of the visualised TLC plates was only possible when the light was tilted. This created problems when trying to use the imagej program because the lanes were not aligned proportionally and therefore the results were not representative of the actual experiment. 
Some of the errors could be due to:
· Contamination – the capillary was not cleaned properly in between the spotting of the different compounds and therefore would have resulted in multiple spots showing up on the TLC plates for the different compounds present. 
· The spotting was too concentrated (hence the streaking that was observed in most of the plates)
· The process was rushed and therefore human error (the dot was too big, etc) might have increased
· The developing jar could have been disturbed, which would have affected the results by possibly smearing the TLC plate. 
What Part C should have shown:
In this part, if three consecutive dots were shown on the TLC plate once it was visualised, then the compound is present. Therefore, depending on the unknown solution mixture, two of the three plates will have three consecutive dots showing, and one of them will only have 2 consecutive dots showing. By eliminating the one that has only two consecutive dots, it gives the two compounds that are present in the unknown mixture. 
First of all, the TLC plates should have had clear dots, not streaks. If it is correct that the unknown solution XX contains ortho and meta, then when visualised:
· The TLC plate that had the reference material o- bromonitrobenzene should have had three distinct, consecutive dots.
· The TLC plate that had the reference material m- bromonitrobenzene should also have had three distinct, consecutive dots.
· The TLC plate that had the reference material p- bromonitrobenzene should only have had two consecutive, yet still distinct, dots. 
Some important things to note for Experiment #1:
· It was important to prepare the solvent system  before and keep the lid on while preparing the TLC plates because it makes sure that it does not all evaporate before you start developing the plate, or even during the developing of the plate. Also, it allows for the jar to be filled with the evaporated eluent and to keep the environment in the developing jar consistent.
· It was necessary to clean out the glassware between any changes in their content because it diminishes the risk for contamination and therefore increases the accuracy of the experiment. 
· Part of this was to make sure to clean out the capillary between spotting the different compounds to make sure they did not interfere with one another on the TLC plates and make the end result unclear. 
· For spotting it was important to:
· Make sure that the solution was not too concentrated so as to avoid streaking when visualising the TLC plate under the UV light
· It was dissolved enough before being spotted onto the TLC plate, and
· It was not held spotted on the TLC plate for too long (the capillary was not pressed against the TLC for longer than necessary)
· Make sure that the spot was as small as possible, while still allowing for enough of the solution to be absorbed into the silica gel.
· The smaller the dot was, the clearer it was to visualise 
· Labelling the test tubes clearly was also very important because all the solutions were clear, and it made it much easier to progress through the lab by minimizing confusion. 
Questions	
1. When the polarity of the system is increased all polar compounds will move up the TLC plate faster. This occurs because the higher the polarity of the solvent, the more it interferes with the  polar substance’s interaction with the polar silica gel and the substance will be more attracted to the solvent the more polar that it is, and therefore will more readily follow the solvent up the polar silica gel on the TLC plate. This will affect the results of a TLC plate because it allows the polar compounds to move up the plate faster, although still not as fast as the non-polar compounds. 
2. The smallest Rf will belong to the most polar compounds, since they move more slowly up the plate due to their attraction with the silica gel. 
a. Benzyl alcohol, benzaldehyde, benzyl acetate:
In this set of compounds, benzyl alcohol will have the smallest Rf value because it is the most polar. This is the case due to hydrogen bonding (the oxygen bonded to the hydrogen). 
b. Aniline, N,N-dimethylanaline, naphthalene:
Aniline is the most polar in this set of compounds, again due to hydrogen bonding, but this time between the nitrogen and the hydrogen, and will therefore have the smallest Rf value. 
c. Benzophenone, Biphenyl, Benzoic acid:
 In this group benzoic acid has the smallest Rf value since acids are more polar than keytones and biphenyl has no dipole moments and is therefore nonpolar. This is because of the hydrogen bonding present in the acid. 









Conclusion
Therefore, upon examining the results for this experiment it can be concluded that through think layer chromatography it is possible to identify a compound, given a reference compound, and a solvent system. By using the TLC plates to compare the polarity of different compounds relative to that of your unknown compound, it is possible to identify and analyze unknown solutions with one or two compounds in it. 
It was also observed that by changing the polarity of the solvent system it was possible to clarify the visualisation step of the TLC plate; it could make the differences in polarity stand out more or less depending on the polarity of the compounds. By changing the polarity of the mobile phase, it also made it possible to identify which compounds were more or less polar, or that weren’t polar, based on their Rf values. 
In this experiment the unknown sample #34 was found to be biphenyl, and the unknown solution XX was discovered to be made up of the ortho and meta structures of bromonitrobenzene. 
The experiment could have been improved by taking more care with the spotting (size, concentration, cleaning the capillary between each change in spot solution), and by taking the pictures from image j more evenly, and so they were more compatible with the program. Also, it would have been beneficial to be more critical of the results of the visualised TLC plates during the experiment so that it would have been clear that a mistake did not occur, it was actually done correctly (as this happened in part B when using EtOAc as the eluent). 
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