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DETERMINATION OF OPTIMUM CONDITIONS 

 FOR SEPARATION BY TLC 
 
 
PURPOSE 
Experimentally determine the optimum thin layer chromatography conditions for 
separating a mixture of three structurally related aromatic compounds. 
 
MATERIALS 
• pre-cut TLC plates containing UV indicator 
• two capped bottles or covered beakers to hold TLC plates 
• capillary pipets for spotting TLC plates 
• solution mixture of the three test substances combined 
• solutions of each pure test substance 
• variety of chromatography solvents 
• ultraviolet light source 
 
THEORY 
Thin Layer Chromatography (TLC) utilizes a glass plate or plastic sheet coated with an 
absorbent such as silica gel. This serves as the stationary phase.  After a mixture is 
"spotted" onto a position near the bottom this plate, the plate is placed in a shallow pool 
of solvent in a beaker or jar. This solvent (the mobile phase) travels up the plate, carrying 
the mixture components with it. However, the components of the spotted mixture travel 
at different rates based on factors such as chemical polarity and size. Chemists seek the 
best solvent conditions that will achieve optimum separation of the components from the 
initial mixture.  
 
Understanding the concept that "like-dissolves-like", compounds that are more polar will 
tend to dissolve and stay soluble in polar solvents. Therefore, use of a polar solvent 
would result in rapid movement of a polar compound up a TLC plate. Lesser polarity 
components in the mixture would not move up the plate as rapidly. In this lab, you should 
consider the structural differences between the three compounds you are to separate. You 
must then consider the relative polarities that have been established for common 
laboratory solvents. Through a series of trial and error / good choices, you will establish 
the best solvent system to use to separate our three component mixture. 
 
The compounds to be separated are benzophenone, biphenyl, and benzhydrol (also know 
as diphenylmethanol). The structures of these three aromatic compounds are shown in 
Figure 1. Keep in mind that phenyl groups are considered fairly nonpolar. 
 

 
 

        (continued on other side) 
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BENZOPHENONE BENZHYDROL BIPHENYL

FIGURE 1

O OH

 
 
Table 1 shows the relative eluting power of solvents typically used for chromatography. 
They are listed from less polar to more polar as the table is read from top to bottom. Note 
that some of these solvents may not be available for today's lab. 
 
         
    TABLE 1 
 

LEAST POLAR hexanes 
↓ toluene 
↓ methylene 

chloride 
↓ diethyl ether 
↓ ethyl acetate 
↓ acetone 
↓ ethanol 
↓ methanol 
↓ water 

MOST POLAR acetic acid 
 
PROCEDURE 
Note: You need not prepare physical property data in your notebook for the solvents; only report data for 
the three compounds we hope to separate. 
 
1)  Using a pencil, draw a small target circle about 2 cm above the bottom of the pre-cut 
 narrow TLC plate. Spot each plate with the three-component mixture, using proper 
 spotting technique as described by your text and your instructor.  
 
2) Using your best chemistry intuition, choose two different solvents to start with. Pour 

a small quantity of one solvent into a jar fitted with a lid or watch glass and label that 
jar with the solvent identity. You must keep the solvent level low enough so that your 
spot will not rinse  off the TLC plate when placed in the jar. Using your other solvent 
of choice, repeat this procedure for a second jar.  

           (continued) 
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3) Carefully place one of the TLC plates you spotted into the jar solvent. Position the 
 plates "down" so the spot is just above the solvent. Cap the jar / cover the beaker. 
 Repeat this procedure with your second plate and second solvent. 
 
4) The chromatography is complete when the solvent has traveled most of the way up 

the plate. At that time, remove the plate from the jar and mark the solvent front (the 
highest point of wetness). Allow the plate to dry for several minutes. Discard the 
solvent in the proper waste containers. Note that methylene chloride should be placed 
in the “Halogenated Waste” container. 

 
5) Examine the TLC plates under UV light conditions. The “short wave” setting will 

probably work best. Circle all spots you see whether under visible and ultraviolet 
lighting. NOTE THAT ONE SPOT MAY TAKE SEVERAL ADDITIONAL 
MINUTES TO DEVELOP. Use a ruler to calculate and report the Rf value of each 
spot. Measure from the starting target circle to the center of each spot you see. Sketch 
a diagram of each plate in your notebook.  

 
6) Depending on the results of the first two TLC solvents, design and conduct another 
 experiment using two more TLC plates. Follow these guidelines: 
  
• If neither of the two solvents separated all three compounds:  Based on the appearance 
of each plate, decide if the solvent used was too polar or not polar enough. Then select 
two new solvents that you believe will change the polarity in the right direction to 
achieve separation. Test two new solvents. 
 
• If one of the first two solvents separates the three compounds, but the other didn't: 
Based on the appearance of each plate and the relative polarity of the two solvents, 
consider how the polarity might be changed from the solvent that worked to improve the 
separation. Test two new solvents to see if you can improve separation. (There is more 
than one solvent that will achieve separation.) 
 
• If both of the solvents you first tested provided separation of all three compounds: Try 
two new solvents to determine if improved separation can be achieved by increasing or 
decreasing solvent polarity. You may even want to try creating a 50/50 mixture of your 
two initial solvents to see if this offers improvement. 
 
7) In the second experiment, as in the first, analyze the plates, calculate Rf values and 
 sketch the plates, showing positions of the spots. 
 
8) After conducting at least two pairs of experiments (developing four plates) and 

finding one or more solvents that can be used to separate the three components, 
prepare one final TLC plate. Use pencil to set up four "target" circles on a plate wide 
enough to accommodate four spots. Write labels at the top of the plate to indicate the 
identity of each spot. Use the following labels: 

  MIX for mixture   ONE for benzophenone 
  PHL for biphenyl   HYDR for benzhydrol  
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9) Spot each substance at the appropriate place, use a fresh portion of your optimized 
solvent, and develop this last plate. Analyze and record data as before, including a sketch 
of the plate. 
 
10)  When analysis is complete, tape the FINAL TLC plate into your notebook. You may 
discard the earlier plates you used to establish the TLC conditions since you sketched 
them into the notebook. 
 
RESULTS 
 
In your notebook "Conclusion": 
 
• Draw and label the structures of each compound analyzed in today's lab. 
 
• Report the Rf value for EVERY spot on your last plate. 
 
• List the elution order of each compound in your mixture, from top to bottom, of your 
final plate. Use the structural features (be specific) of each compound to explain why 
they eluted in the order that they did.  
 
• Use at least one paragraph to "walk through" the logic you used, step by step, as you 
investigated different solvents. Be sure to explain your reasoning as to why you chose 
each subsequent solvent. 
 
 
QUESTIONS 
 
1) In your TLC experiment, give the chemical name of the substance that served as the 
stationary phase. Give one example of a mobile phase you used. 
 
2) Why should you never use a pen, but rather a pencil, to mark your starting line on a 
TLC plate? 
 
3) Why is it important that your starting spots be located above the initial level of the 
developing solvent? 
 
4) TLC is often used to monitor the progress of chemical reactions. For the reaction 
 A + B  C, explain how could you determine when the reaction is complete?  
 
5) Silica gel is frequently used to coat TLC plates. This substance is polar. If you spotted 
two substances on this plate, one quite polar, the other nonpolar, which substance would 
have the highest Rf value? Explain your answer. 
 
            
          (continued) 
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6) For each set of chemical structures shown below, decide which would have the highest 
Rf and which would have the lowest Rf when spotted on silica gel TLC plates. Briefly 
explain your reasoning in each instance. 
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SET "B"

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The Professor says … "TLC is all about what is polar/nonpolar and "Like  
     Dissolves Like." 
 


