LAB 11:  Modeling the Relative Acidities of Phenols
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   phenol                         phenolate (phenoxide) ion
In this lab you will create models of a series of substituted phenols and their conjugate bases, optimize them using AM1 including aqueous solvation effects, map the computed electrostatic potential of the anions onto the electron density isosurface, and look for a correlation between the solvated isodesmic reaction scheme enthalpy and the pKa of the corresponding acid.  You will also calculate the natural bond order charges on the phenolate oxygen in each of the conjugate bases and examine the electrostatic potential mapped onto their electron density isosurface to determine where on the isosurface the potential is the most negative. Graph both the most negative potential on the phenolate oxygen and the npa charge on the phenolate oxygen of each anion against the pKa of the corresponding phenol to see if a correlation exists.
Computational Assignment:

Build and perform MMFF94 (Merck) energy minimizations of the phenols shown in the table on the next page (experimental aqueous phase pKa values given).  Then determine the energy of their equilibrium structures and their corresponding conjugate bases optimized at the AM1 level using the aqueous solvation model; for the anions only, also request that natural bond order charges be calculated and that the electrostatic potential be mapped onto the electron density isosurface.  Record in a spreadsheet the computed enthalpy of formation of each of the structures in aqueous solution.  Also record in the spreadsheet the value of the natural bond order charges on the phenolate oxygen and the most negative electrostatic potential on the phenolate oxygen in each anion.  Plot (1) the solvent-corrected enthalpy of the isodesmic reaction scheme shown below, (2) the most negative potential on the phenolate oxygen of each of the anions, and (3) the npa charge on the phenolate oxygen or the anions, each against the pKa of the corresponding phenol.  These can be on separate graphs.
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Experimental pKa values of some substituted phenols:

	Substituent (X)
	pKa value



	
	

	p-NH2
	10.46

	p-CH3
	10.17

	H
	9.89

	p-Cl
	9.38

	m-NO2
	8.40

	p-NO2
	7.15

	3,5-di NO2
	6.70

	2,4-di NO2
	4.00

	2,4,6-tri NO2
	0.50


Questions:
1. Which substituted phenol is the most acidic according to your calculations?

2. Which conjugate base has the most negative electrostatic potential on the phenolate oxygen?  Where is it located? (be as specific as you can…discuss which surface of the oxygen atom bears the greatest negative electrostatic potential.)  
3. Does the phenolate oxygen always bear the most negative electrostatic potential in the anion?
4. Does either of the measures of electron density of the anions (i.e., the npa charge on the phenolate oxygen or the most negative electrostatic potential on the phenolate oxygen) correlate well with the pKa values of the parent phenols?  
5. Does the enthalpy of the isodesmic reaction scheme (with solvent effects included) correlate well with the pKa values of the phenols?

