To understand NMR you need to know the following:

A. Physics: Moving charge generates a magnetic field, and a moving magnetic field causes
charges to move in a conductor.

B. Atomic nuclei, like electrons, have a quantum mechanical property of "spin". Spin can be
thought of as a small magnetic field around the nucleus created as if the positive charge of the
nucleus were circulating.

C. NMR, nuclear magnetic resonance, is used to assign structures of organic molecules.

D. We care about the nuclei 'H and °C since these are commonly found in organic molecules
and they have spin quantum numbers of 1/2.

E. Nuclei with spin quantum number 1/2 are quantized in one of two orientations, "+1/2" (lower
energy) or "-1/2"(higher energy) in the presence of an external magnetic field, that is, with and
against the external field, respectively.
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G. Electron density is induced to circulate in a strong external magnetic field, which in turn
produces a magnetic field that opposes the external magnetic field. This shields nuclei from the
external magnetic field. The greater the electron density around a nucleus, the more shielded it is,
and the lower the energy (frequency) of electromagnetic radiation required to flip its nuclear
spin.

H. The hybridization state of carbon atoms attached to an H atom influences shielding in
predictable ways by removing differing amounts of electron density around adjacent nuclei.

I. Electron density in pi bonds also has a large effect on H atom shielding because pi electrons
are more free to circulate in an a magnetic field compared to electron density in sigma bonds.
Geometry of the pi bond is important.

J. Adjacent nuclei have magnetic fields associated with their spins. The spins of equivalent
adjacent nuclei can be either +1/2 or -1/2, and at room temperature they are found in about a
50:50 mixture at any given nucleus (very slight excess of lower energy +1/2). These can add to
give n+1 different spin combinations in the proportions predicted by Pascal's triangle. Each
different spin combination produces a different magnetic field, which leads to n+1 splittings in
the peaks of the NMR spectra of the adjacent (no more than three bonds away) nuclei.
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