Following a Reaction by Thin Layer Chromatography

Equipment and Reagents

Melting point capillaries

10 mL round-bottomed flask

Silica gel TLC plates

Commercial bleach

Developing chambers

9-hydroxyfluorene

Acetone



centrifuge tube

Hexane



5% aqueous NaHCO3
~200 mL of 30% acetone/

25 mL Erlenmeyer flask 

70% hexane solution

Introduction

A common practical question facing organic chemists when carrying out a chemical reaction is “When is the reaction complete?”  More often than not, the reactants as well as the products are all in solution.  There is, therefore, no visible indication as to when the reaction is complete.  If, however, we know the Rf value for the starting material, and know the Rf value for the product we can determine the point of completion of the reaction using TLC. Thus, at the beginning of a reaction we will see a spot corresponding only to starting material.  As the reaction progresses, we will see TWO spots on the TLC: one spot corresponding to the starting material (which is being consumed) and one spot corresponding to the product (which is being formed).  At the end of the reaction (complete conversion) we will again see only one spot:  that corresponding to product.  In practice, as the reaction proceeds, we often observe the spot for starting material lighten (and finally disappear) with time as its concentration decreases, and observe the spot for product darken with time (until it becomes the only spot present). The reaction we will perform today, the oxidation of 9–hydroxyfluorene to fluorenone provides an opportunity to observe the use of TLC for this purpose. 

Procedure

NOTE:  Keep the watch glass on top of the developing chamber at all times except when putting a plate in, or taking a plate out.  This will minimize the amount of fumes (and resulting unpleasantness) in the lab. 

9–Hydroxyfluorenol may be oxidized to the respective ketone via the mild oxidant sodium hypochlorite (the active ingredient of bleach).  By using TLC analysis, we may determine the optimum amount of bleach to add to the system to achieve complete conversion.

Dissolve approximately 50 mg of 9–hydroxyfluorene in 3 mL of acetone in a 10 mL round bottom flask containing a stir bar.  Prepare a TLC plate to accept 5 spots.  Label the areas from 0–4.  At the area labeled 0, place a tiny spot of the acetone solution containing the fluorenol.  DO NOT develop the plate.  Add to the flask 0.12 mL of glacial acetic acid followed by 0.5 mL of bleach.  Stir 5 minutes then place a spot of the resulting solution on the area labeled 1 on the TLC plate.  Add an additional 0.5 mL of bleach (DO NOT add additional acetic acid), stir another 5 minutes, and place a spot of the resulting solution on the area labeled 2.  Repeat this process two more times.   Pour a few milliliters of a 30% acetone/70% hexane solution into the developing chamber and place the watch glass on top.  Develop the TLC plate in the solution of 30% acetone/70% hexane.  Remove the plate, allow it to air dry, and analyze the spots under the UV lamp.  Circle the observed spots and draw a to–scale version of the plate in your notebook including Rf values.  Ensure that the reaction is complete by TLC.  If it is not, add an additional 0.5 mL of bleach and stir for five minutes before carrying on with the next step.

Add 2 mL of hexane to the solution, place a cap on the vial, and stir rapidly to mix the two phases.  Pour the contents of the round-bottomed flask into the centrifuge tube and remove the bottom aqueous layer using the Pasteur pipette and place it back into the empty 10 mL round bottomed flask.  Add an additional 2 mL of hexane to the aqueous phase, stir rapidly again, and place this organic phase (the UPPER phase) in the centrifuge tube with the other.  Add 2 mL of 5% aq. NaHCO3 solution to the centrifuge tube and mix the phases well using a Pasteur pipette by pulling up the lower layer with the pipette and squirting it through the upper layer VIGOROUSLY 15–20 times.  Remove the bottom aqueous phase using a Pasteur pipette.  This basic extraction will remove any acetic acid that may be dissolved in the hexane phase.  Next, add 2 mL of water and mix the layers well using a pipette.  Using a pipette, remove the aqueous phase.  Pour the hexane solution into a clean dry 25 mL Erlenmeyer flask. IMPORTANT: If there are any visible water drops, remove them with the pipette.  Dry the hexane phase by adding a small amount of anhydrous sodium sulfate.  Filter the hexane solution through a filter pipette into a pre-weighed 25 mL round–bottomed flask.  Rinse the sodium sulfate once with 1 mL fresh hexane, and filter the rinse into the flask.  Evaporate the hexane and obtain the mass of the crude product.  Determine the melting point of your product and compare to literature value.
