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The purpose of the INEPT sequence is to transfer the large magne-
tization from high-v nuclei, like 'H or F, to low-y nuclei (labeled ‘X’),
like 13C and !°N. This transfer significantly improves the signal intensity
of ‘X’ nuclei when measuring their chemical shifts. For example, the
magnetic moment and magnetization of 'H nuclei is roughly 4 times
greater than 13C and 10 times greater than 1°N. Additionally, the 'H
Ty is typically much shorter than the Ty for '3C or >N, which allows a
shorter recycle delay and the collection of a greater number of spectra.

1.1. Theory

The INEPT sequence (Fig. 1.1) transfers magnetization from 'H nu-
clei bonded the ‘X’ nuclei. The two nuclei must be bonded, or at least
connected through intermediary bonds with other atoms, because the
nuclei must share a J-coupling.

The INEPT sequence comprises a set of 9go° pulses (thin bars), 180°
pulses (thick bars) and delays (A).

1.1.1. Methine, Amide and the AX Spin Systems

The first 90§ ('H) pulse creates — H,, 'H magnetization. Thereafter, the
'H 180° pulse in the middle of the two A delays acts as a Hahn-echo to
refocus the 'H chemical shifts. Without the accompanying 180° pulse
on the ‘X’ channel, the J-coupling between the 'H and X nucleus would
be refocused as well—and nothing would be accomplished. The 180°
pulse on the ‘X’ channel acts to cancel the refocusing effect of the 'H
180° pulse for the J-coupling.

During the first delta period, the —H, magnetization evolves under
the 'H chemical shift (wp) and the TH-X J-coupling. Since the chemical
shift and J-coupling Hamiltonians commute, the rotations of each can be
conducted sequentially.

In the first step, the operators are propagated for the 9o$ (*H) pulse
and the first ‘A’ period. We’ll use a >N nucleus as an example of an ‘X’
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Fig. 1.1. The basic INEPT se-

quence between nuclei 'H and
X.

A 9o3 pulse rotates the magnetization by
90° with a phase of ‘x’.
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nucleus.
90°(*H
H. (CH) H,
A
—H, _“HB H, cos(wyA) + Hysin(wyA)
JNHA

——— — Hy cos(wpA) cos(rt[yaA)+
2H, N, cos(wyA) sin(rt]ygA)+
H, sin(wyA) cos(mtygA)+
2HyN; sin(wyA) sin(7t]ypA)

In the second step, the 1805 pulses on the 'H and ‘X’ channels inverts

H, and 2H;N; terms because these are orthogonal to the x-phase of the

pulse.

1802(1H), 180§(X2(
HyCcsaCryya — 2HyN2CcsaSyy

+ HxCCSAC]NHA + 2HyNzSCSASINHA

In the third step, we'll propagate the ‘A’ delay for the chemical shift
first.

wyA
—=  HyCcsaCly;aCesa — HxCesaClyyyaScsa

— 2HyN;CcspS)y;aCesa — 2HyNzCcsa Sy aScsa
HyScsaCryyaCesa + HyScsaCrypaScsat
2HyN:ScsaS)yuaCesa + —2HxNzScspaSy,aScsa

These terms can be grouped.

= Hy(ScsaCryyaCesa — CesaCryyaScsa)
+ Hy(CcsaCryaCesa + ScsaCryyaScsa)
—2HN;(CcsaSyy;aCcsa + ScsaSyyyaScsa)
+2HyN:(ScsaSjyuaCesa — CesaSyyuaScsa)

Thereafter, we propagate the 'A” delay for the Jypy-coupling and sim-
plify the expression.

Tnud
A Hy(ScsaCryyaCesa — CesaClyyaScsa)Cryya

+2HyN:(ScsaCjyyaCesa — CesaCrypyaScsa)Syyun
+ Hy(CcsaCryyaCesa + ScsaCryyaScsa)Cryua
— 2H, N (CcsaCjypyaCesa + ScsaCryyaScsa)Syyua
—2HN;(CcsaSy,aCcsa + ScsaSyyuaScsa)Cryya
— Hy(CcsaSyyaCesa + ScsaSyyuaScsa)Siyua
+2HyN:(ScsaSyyaCesa — CesaSyyunScsa)Cryya
— Hy(ScsaSyyunCesa — CesaSyyunScsa)Syyua
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Fig. 1.2. The first step of the IN-
EPT sequence highlighted in red.

The many cosine and sine terms can be
abbreviated to simplify their notation in
equations.

cos(wyA) = Cesa

cos(rtJnuA) = Cpypya

sin(wyA) = Scsa
)=

sin(7tnaA) = Sjyua
y
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Fig. 1.3. The second step of the

INEPT sequence highlighted in
red.
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Fig. 1.4. The third step of the

INEPT sequence highlighted in
red.
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= Hy(ScsaCjyyaCesaCrypa — CesaCrypuaScsaCryya
— ScsaSyyuaCesaSyyun + CesaSyyuaScsaSiyua)
Hy(CcsaCryyaCesaCrypa 4 ScsaCryuaScsaCryya
— CcsaSyyuaCesaSiyua — ScsaSiyuaScsaSyya)
— 2H,N;(CcsaCryyaCesaSyypa + ScsaClyyaScsaSiyya
+ CcsaSyynCesaCrypyn + ScsaSiyuaScsaClyya)
2HyN:(ScsaCryyaCesaSyypua — CesaCryyaScsaSiyun
+ScsaSynuaCesaCryya — CesaSyyaScsaCrypa)

= — 2H,N; sin(27t/ygA) + Hy cos(2]npA)



