Photochemistry: The Synthesis of Benzopinacol

Chemistry 122L 

Objective: To use light to initiate the synthesis of benzopinacol from benzophenone and 2-propanol.

Chemical Equation:
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Background: The chemistry of reactions that are initiated by light is photochemistry.  The energy in light is proportional to the light’s frequency.  Since the frequency and wavelength of light are related, the energy of light may be expressed as either a function of frequency or of wavelength.









E = energy of light

E = h = hc





h = Planck’s constant
  
   

     





frequency










wavelength










c = speed of light

Many molecules have the ability to absorb light.  A photon of light is absorbed by a chemical only if the energy of the photon corresponds exactly to the difference in electronic levels (i.e. orbitals) in a molecule.  If all the electrons are in the lowest possible energy levels, then the molecule is in its ground state (So).  Notice that the electrons are spin-paired in the ground state.  
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The electrons that are held in the highest energy molecular orbital are most likely to be excited by a photon.  

Absorption of light of the appropriate wavelength (355nm for benzophenone) promotes one of the electrons in the Highest Occupied Molecular Orbital (HOMO) to a higher energy orbital (often the Lowest Unoccupied Molecular Orbital - LUMO).  Once an electron jumps (or is bumped by a photon) into a higher energy orbital, then the molecule is in an excited state.  Initially, the spin of the electron is unaltered.  That means that it will still have a spin opposite to the one electron that remained in the lower energy orbital.  (The electrons are still spin-paired.) As long as the spins of the electrons remain paired, the molecule is in a singlet state.  The first excited singlet spin state is denoted S1.

From this point, several things could happen.  The electron in the excited state could emit energy as light and return to the electronic ground state, a process known as fluorescence.  An alternative is for an intersystem crossing (ISC) to occur.  ISC occurs when the electron in the excited state changes the direction of its spin.  The result is that the electrons are no longer spin-paired, resulting in a triplet state, T1.  Intersystem crossing is faster than fluorescence for benzophenone, so fluorescence is not observed.  Once an intersystem crossing occurs, the molecule will either react with another chemical or it will return to its ground state electronic configuration in a process known as phosphorescence.  Phosphorescence is relatively slow so the molecule does have time to react.  (Note that the excited electron must undergo another spin-flip during phosphorescence and energy is released in the form of light during phosphorescence.)
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Mechanism: In this experiment, benzophenone is allowed to dissolve in 2-propanol and the flask is placed in the sun.  2-Propanol acts as both a reagent and the solvent in this reaction.  Ultraviolet light is absorbed by the benzophenone and an intersystem crossing occurs to produce a diradical, a molecule with two unpaired electrons.  The benzophenone diradical then abstracts a hydrogen atom from the solvent and dimerizes, yielding benzopinacol and acetone.
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    benzopinacol

Procedure:
Week 1:  In a 50 mL Erlenmeyer flask, dissolve 5 g benzophenone in approximately 35 mL of 2-propanol, gently warming the flask on a hotplate to aid dissolution.  After all solid is dissolved, fill the flask to the neck with 2-propanol and add one drop of glacial acetic acid (to prevent basic cleavage of the desired product).  Using a small label, label the flask with your name, insert a cork and wrap parafilm around the mouth of the flask. Give the flask to your TA, who will place it in a safe, sunny location.  The first product should crystallize in about five hours and the reaction should be ~ 95% complete in four days.  
Week 2:  Chill the flask in an ice bath and then collect the product by vacuum filtration.  The product should be pure at this point.  Allow the crystals to dry overnight, get an accurate mass and melting point, and submit your product to your TA.  Be sure to calculate a percent yield for your product and SAVE THE BENZOPINACOL FOR THE PINACOLONE REARRANGEMENT LAB!

Waste: Any 2-propanol waste, including the filtrate, may be flushed down the drain.  Any recovered starting material should be placed in the solid waste jar.

Reference: Williamson, Macroscale and Microscale Organic Experiments, 3rd Ed., Houghton Mifflin Company, 1999.  Handout provided by Dr. C. Welder.  Thanks also to Dr. A. King for providing the majority of this information in an electronic format.

Questions:

1. Would the reaction work if the Erlenmyer flask had been coated with sunscreen?

2. Explain the difference between phosphorescence and fluorescence.[image: image8.png]
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