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17.57

In order for the nitro group to delocalize electrons out of the ring, all of the p-orbitals must be oriented
so their lobes can overlap to form p-bonds through which the electrons move. If the lobes of the p-
orbitals are out of alignment, then the i bonds cannot form between those atoms and the electrons
cannot be delocalized. In p-nitrophenol (and 2,6-dimethyl-4-nitrophenol), the p-orbitals of the nitrogen
and oxygen of the nitro group are properly aligned and electrons can flow freely through the t bonds.
This allows the electrons to be delocalized out onto the nitro group which makes the ring more positive.
The positive ring stabilizes the conjugate base and lowers the pKa relative to unsubstituted phenol.
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On the left above are structures that depict resonance structures showing p orbitals. The red curved
lines represent overlap of p-orbital lobes resulting in m bonds. The set of structures on the right show
the resonance structures using conventional bonding and delocalization of electrons without the p

orbitals.



When methyl groups are introduced to the ring at the 3- and the 5-positions of the ring, steric
interactions between these methyl groups and the nitro group force the nitro group out of the same
plane as the ring. The result is that the p-orbitals of the nitrogen and oxygen atoms of the nitro group
are no longer aligned with the p-orbitals of the ring, so electrons cannot be delocalized out onto the
nitro group. If the electrons cannot delocalize out onto the ring, the ring does not develop positive
character which would stabilize the conjugate base and lower the pKa. The higher pKa for the 3,5-
dimethyl-4-nitrophenol suggests this is what is happening. The methy! groups in the 2,6-dimethyl
isomer do not affect the nitro group so delocalization occurs, stabilization of the conjugate base occurs
and the pKa remains lower.
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NO, ‘/ p-orbitals of the N and O are aligned properly with each other,
but not with the p-orbitals of the ring
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