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Isomerization reactions are very important in vision, as well as in many other chemical
processes. When light is adsorbed, the double bond at carbon 11 in retinal (which is bonded to
the protein opsin, forming rhodopsin) undergoes a conversion from the cis to the trans
configuration. In this project you will use QC-Lab to examine the isomerization
thermodynamics for a number of electronic structure methods and basis sets.

1.

Using RHF/STO-3G, RHF/TZVP, B3LYP/TZVP, and MP2/TZVP, calculate the energy
difference between the cis and trans isomers of 1,2-difluoroethylene in kcal/mol (1
a.u.=627.51 kcal/mol). Repeat this calculation using the semi-empirical methods AM1
and PM3 (see the Basis Set box). To what extent do different basis sets change the
optimized geometries? First compare the structural parameters (bond lengths and angles)
for the PM3, AM1, and MP2/TZVP optimized geometries. Then select the geometry
optimized coordinates for the AM1 and PM3 structures and run single point energy
minimization calculations using the MP2/TZVP level of theory. Compare the energies
obtained from the single point calculations with the energies obtained from the
MP2/TZVP geometry optimization. How do the values obtained from the different
methods compare to the experimental enthalpy difference of 0.928 kcal/mol*? What is
the effect of increasing the size of the basis set? How much of an effect does
incorporating correlation energy (through density functional theory or second-order
perturbation theory) have on the relative energies?

Vitamin A (retinol) is the immediate precursor to two important active metabolites
including retinal, which plays a vital role in vision, and retinoic acid, which acts as an
intracellular messenger for gene transcription. Due to the large number of double bonds
in the molecule, a variety of isomers could exist; some of these are shown below. Using
PM3, optimize the geometries and calculate relative energies of the three compounds.
(Initial structures are provided on the course webpage. You will need to upload the
coordinates to QC-Lab.) Which one is the most stable at this level of theory? What is
the relative energy ordering (kcal/mol)? Briefly explain why you think we chose this
method.
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*N. C. Craig and E. A. Entemann J. Am. Chem. Soc. 83, 3047 (1961).
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