Experiment 1
Thin Layer Chromatography
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Introduction 

-The purpose of this experiment was to determine unknown compounds by using the thin layer chromatography (TLC) technique. 
-The samples that are going to be identified are samples #48 and XX. 
-Thin layer chromatography is a method that separates substances based on their polarity and by their differences in solubility. 
-There are two phases that occur in this technique: the stationary phase and the mobile phase. The mobile phase (the solvent) is where the mixture is dissolved and the stationary phase is where the solution is passed through. 
-The TLC plate is made up of aluminum and silica. Since silica (the stationary phase) is a very polar substance, during the separation, it causes the compound that is more polar to move slower up the plate than the less polar substance. 

Procedure 

Part A
1. Add 10.0 mL of a mixture of 2:8 Ethyl Acetate and hexanes into a jar and then place the lid on top. 
2. Create two TLC plates by drawing a straight line 1cm from the bottom of each plate. Draw three small ticks evenly spaced apart on the line. Label each tick respectively: R for reference; R+S for reference+ sample (co-spot); and S for sample. 
3. Obtain 10mg of unknown sample #48
4. In a test tube dissolve 10mg of the unknown sample into 2.0mL of the dichloromethane.
5. Spot this mixture on the co-spot and sample lane for each plate.
6. Add 2.0 mL of benzophenone in another test tube. Spot this solution on only one of the plates on the reference lane and the co-spot lane.
7. Add 2.0 mL of biphenyl in another test tube. Spot this sample on the other plate on the reference and co-spot lane. 
8. Place one of the TLC plates in the jar, making sure that the solvent doesn’t go over the pencil line and place the lid on the jar. 
9. Once the solvent is about 1-2 cm away from the top of the plate, remove it from the jar with tongs. Once taken out of the jar quickly mark where the solvent finish line is. Allow the solvent to evaporate and then visualize the TLC plate under the UV lamp. Circle the spots with a pencil. Do the same for the 2nd TLC plate. 





Part B. 

1. Empty the solvent from the jar into the solvent waste. Add 7.2 mL of ethyl acetate into the jar. 
2. Prepare two new TLC plates the same way as Steps 2-7 in part A.  
3. Develop the plates in the jar with ethyl acetate as the eluant. Visualize the plate under the UV lamp and circle the spots with a pencil. 
4. Empty the solvent in the jar into the solvent waste. Add 7.0 mL of hexanes into the developing jar.
5. Prepare two new TLC plates the same way as Steps 2-7 in Part A.
6. Develop the plates in the jar with hexanes as the eluant. Visualize the plate under the UV lamp and circle the spots with a pencil. 

Part C

1. Obtain 2.0 mL of unknown XX from the burette in the fumehood. 
2. Using a solvent system of 9:1 Hexanes: Ethyl Acetate determine the identity of the components in the XX picture through comparison with the 3 reference compounds: o-bromonitrobenzene, m- bromonitrobenzene, p- bromonitrobenzene. Do not circle the marks on the plates; instead visualize them under the UV lamp and take a picture of them. 


Observations and Results

Table 1: Qualitative observations of the compounds used in experiment 1 
	Compound
	Observation

	2:8 Ethyl Acetate and hexanes  
	Clear, colourless, transparent liquid with a strong odour.

	Unknown Sample #48
	Small, white solid with no odour.

	Dichloromethane 
	Clear, colourless, transparent liquid with a bit of a smell.

	Benzophenone
	Clear, colourless, transparent liquid with an odour 

	Biphenyl 
	Clear, colourless, transparent liquid with a strong odour

	Ethyl Acetate 
	Clear, colourless, transparent liquid with a strong odour

	Hexanes
	Clear, colourless, transparent liquid with a strong odour

	Unknown sample XX
	Light, yellow liquid with no apparent smell

	9:1 Hexanes: Ethyl Acetate
	Clear, colourless, transparent liquid with a strong odour

	o-bromonitrobenzene, m- bromonitrobenzene and p- bromonitrobenzene.
	Clear, colourless, transparent liquid with no apparent odour. 


Part A
Legend
R= Reference
R+S= Reference + Sample (co-spot)
S=Sample 

                 


<-- Solvent front

RF1= 3.1/4.3=0.72cm
RF2= 3.1/4.3=0.72cm
RF3= 3.1/4.3=0.72cm

<-- Solvent front 

RF1= 3.5/5.0=0.70cm
RF2= 3.5/5.0=0.70cm
RF3=4.2/5.0=0.84cm
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Benzophenone plate with 2:8 ethyl acetate             Biphenyl plate with 2:8 ethyl acetate and
and hexanes mixture as solvent                               hexanes mixture as solvent 


Part B
<-- Solvent front

RF1= 4.1/4.6=0.89cm
RF2= 4.0/4.6=0.87cm
RF3= 4.0/4.6=0.87cm

<-- Solvent front

RF1= 4.0/4.6=0.87cm
RF2= 4.1/4.6=0.89cm
RF3= 4.1/4.6=0.89cm
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Benzophenone plate with ethyl                     Biphenyl plate with ethyl acetate as solvent
acetate as solvent 
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<-- Solvent front

RF1= 2.0/4.5=0.44cm
RF2= 2.0/4.5=0.44cm
RF3= 2.0/4.5=0.44cm

<-- Solvent front

RF1= 0.3/4.3=0.070cm
RF2= 0.3/4.3=0.070cm
RF3= 2.4/4.3=0.56cm
RF4= 2.3/4.3=0.53cm

Benzophenone plate with hexanes as                Biphenyl plate with hexanes as solvent 
solvent 


Sample Calculations 
Part A
Rf= Displacement of the compound 
        Displacement of the solvent
    = 3.5
       5.0
    =0.70cm

Part C

(ortho isomer)
%peak 2= area of peak 2                        x 100%
       Area of peak 2+area of peak 3
%peak 2 = 14515.979
         14515.979+13421.128                   x 100%    
              = 52%
(para isomer)
%peak 3= area of peak 3                         x 100%    
         Area of peak 2 + area of peak 3
              = 13421.128
          14515.979+13421.128                  x 100%    
              = 48%




Mole % of ortho isomer in an ortho-para mixture

  y= 1.0114x-2.0208
52=1.0114x-2.0208
  x= 53% ortho 

100% - 53%= 47% para; 

Therefore, the ratio for XX would be ortho:para 1:1. 
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Figure 1: Ortho TLC calibration curve used for calculations above, for part C. 











Discussion 

The purpose of this experiment was to determine the compound of unknown #48 and XX. The compound for #48 was identified as biphenyl. This was determined by observing the two plates for part A. When the two plates were compared, it was evident that by looking at them the sample was biphenyl for the reason that all three of the markings were aligned next to each other with the same RF values. Since the “sample” marking and “reference” marking on the TLC plate are the same, the end result is that unknown #48 was biphenyl.
Additionally, it was determined that XX was a bromonitrobenzene ortho-para 1:1 mixture. This was identified by observing the TLC plates and also by observing the graph and conducting the calculations to establish what the mole percentages of the mixture were. The ortho-para mixture of bromonitrobenzene contained 53% of the ortho isomer and 47% of the para isomer; which resulted in a 1:1 ortho:para ratio. 
In part B, there were two different solvents that were used: ethyl acetate, and hexanes. By looking at the four TCL plates one can conclude that the samples for the ethyl acetate as a solvent moved faster, farther up the TLC plate and had larger RF values. This occurs due to the fact that ethyl acetate is polar and benzophenone and biphenyl are relatively non-polar; therefore, they move up the plate quicker. Conversely, the samples for the hexane solvent didn’t move as far, moved slower and also had lower RF values. This occurs due to the fact that hexane is non-polar and therefore causes a stronger attraction between the non-polar compounds resulting in slower movement up the TLC plate. These results were expected for the reason that polar solvents cause non-polar compounds to move up the plate faster since there’s no attraction compared to polar compounds.
During this experiment there are some errors that may have caused the results to become altered. One of them being that for the first plate with benzophenone, while it was being placed in the developing jar some of the solvent went over the line. This could have altered our results by causing the spots to fade away or not travel up the plate like the other ones. However, since another attempt was not done for the benzophenone to see if there was an error it, the results may or may not have been altered. Another error that may have occurred is that not enough sample or reference was added to the plate when spotting it to the line; which would cause the spots to not show up under the UV light. This could lead to inaccurate conclusions and imprecise calculations. Lastly, an additional error that may have occurred is when the TLC was being observed underneath the UV lamp not all the spots could be seen. This error is more prominent for part C when taking pictures of the three TLC plates; which would lead to inaccurate results and also would have altered the outcomes when using Image J, leading to mistaken conclusions. 



Questions 
1. Increasing the polarity of the solvent system affects the results of the TLC in different ways. The more polar the solvent system, the higher the RF values, in comparison to a solvent system that is less polar which would cause the RF values to be lower. Increasing the polarity of the system also causes the components of the mixture to move faster up the TLC plate. This also causes a better separation of the components from the mixture on the plate, which is one of the main goals of using TLC and makes it easier to distinguish between the components. 
 
2. a) The benzyl alcohol compound would have the smallest RF value out of the three compounds because of its higher polarity; this polarity is due to its alcohol functional group. This functional group allows for more chances of hydrogen bonding. 


  

b) The N,N-dimethylaniline compound would have the smallest RF on the silica gel because it has the highest polarity. The high polarity is because of the two methyl groups that are bonded to the nitrogen compared to the two hydrogens in aniline. This causes it to be more electronegative and polar.   



c) The Benzoic acid compound would have the smallest RF on the silica gel because it              has the highest polarity compared to the others.  The compound has a higher polarity due to the carboxylic acid functional group that is bonded to the benzene. The carboxylic acid contains a double bonded oxygen and the -OH functional group causing it to be very polar. 


Conclusion: 
To conclude, the unknown sample #48 was biphenyl and unknown XX had a 1:1 ortho:para mixture in bromonitrobenzene. 
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