December 2021 NMR Topic of the Month: The INEPT Pulse Sequence
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If this sequence is inept, why use it?

No, no! This sequence is not inept, it is The INEPT pulse sequence. INEPT is short for Insensitive Nuclei Enhanced by
Polarization Transfer, and it is a very clever way to improve the signal acquired from low-sensitivity nuclei. As such, the
INEPT sequence is often a building block within other sequences.

What is a low-sensitivity nucleus?

In general, nuclei with larger gyromagnetic ratios () are easier to observe. Larger y means larger magnitude of the
magnetic moment, Boltzmann polarization, Larmor frequency, and couplings. The magnetic moment and Boltzmann
population relate directly to the magnitude of the signal. The Larmor frequency is a rate of change of the magnetic
moment in the coil, and a higher frequency facilitates detection. The couplings tend to allow the nuclei to relax more
quickly, so more transients can be acquired in a given period of time. In other words, the couplings do not enhance the
signal shot-to-shot, but allow for more shots over time, which means more overall signal in the same amount of time.

How does the INEPT work?

The INEPT sequence moves magnetization from the sensitive (S) spins to the insensitive (1) spins through the scalar (J)
coupling. It does this by starting with bilinear terms detectable on channel S and converting them to bilinear terms

detectable on channel I. Specifically, where c, = %(YXBO/kBT):
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p,=cl — cSSycos(wST)cos(n]T) + CSZIZchos(wST)sin(n]r) + CSstin(wST)Cos(n]‘r) + CSZIZSysin(wSr)sin(n]r) -
Py, == CIIz + cSSycos(wS‘t)cos(n]‘t) - CSZIZchos(wsr)sin(n]‘t) + cSstin(mST)cos(n]T) + cSZIZSysin(mS‘r)sin(n]t) —
P, == cIIZ + CSSyCOS(Z‘I'[]T) - CSZIZstin(Zn]r) —p, = CIIy + cSSycos(Zn]r) - C521ySZSiTl(2T[]T)

Notice that the last term in ps is observable on the insensitive channel, but has the constant from the sensitive nuclei.
Also notice that the maximum of the final term occurs when t = 1/]4J], then ps(‘t =1/14]]) = cIIy - sgnU]cSZIySZ, which

is why sequences that utilize The INEPT require an input for the scalar coupling. Finally, if the coupling (J) is small and/or
the system relaxes too quickly, The INEPT sequence will perform no better than the simple one pulse experiment.
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