
Chapter 11   Coherence Editing: Pulse-field Gradients and Phase Cycling

Coherence editing is used to remove unwanted signals from NMR spectra. For example, g g p p
in the double quantum filtered COSY experiment, to suppress signals from uncoupled 
protons, such as the intense solvent line, while retaining signals from coupled spins. This 
filtering is accomplished by distinguishing between the different quantum states of the 
magnetization during the experiment: uncoupled spins can only attain a single quantum magnetization during the experiment: uncoupled spins can only attain a single-quantum 
state while coupled spins can be in a double-quantum state during the experiment.

Coherence editing is accomplished by encoding different states with a unique phase 
during the pulse sequence  The selection of a desired state is attained by detecting only during the pulse sequence. The selection of a desired state is attained by detecting only 
those signals with the appropriate phase. The phase encoding of the signal can be 
accomplished by either phase cycling of RF-pulses or by the application of short pulses of 
spatially varying magnetic fields, otherwise known as pulsed-field gradients (PFG), during p y y g g p g g
evolution delays.

In the case of phase cycling, multiple scans are acquired with the phase of pulses and 
the receiver altered in a systematic fashion such that the desired signals (e.g. double-y g g
quantum) are always co-added while the undesired signals (e.g. single quantum states) add 
to zero at the end of the phase cycle, as illustrated in Panel A of Fig. 11.1.

In the case of using pulsed-field gradients for coherence editing, a spatially varying g p g g p y y g
magnetic field is used to impart a characteristic phase shift on both the desired and 
undesired signals. The amount of phase shift depends on the quantum level of the spins. 
For example, the phase shift encoded in a single-quantum term would be half of that 
encoded in a double quantum term  The retention of the desired signal and discarding of encoded in a double-quantum term. The retention of the desired signal and discarding of 
the undesired signal is simply accomplished by refocusing (returning the phase shift to 
zero) the desired signal.  



Both phase cycling and magnetic field gradients can effectively suppress undesirable 
signals. Magnetic field gradients tend to be more effective than phase cycling methods 
because they can be applied in a single scan, thus scan-to-scan reproducibility of the 
instrument is not a critical factor. 

In addition  suppression of strong solvent signals can also be accomplished within a single In addition, suppression of strong solvent signals can also be accomplished within a single 
scan, greatly reducing the dynamic range of the acquired signals, resulting in more 
accurate conversion of the analog signal to digital form. In addition, the requirement of 
acquiring multiple scans with phase cycling can lead to an undesirable increase in the 
l h f h   ll   h   f h  f d l  length of the experiment, especially in the case of three- or four-dimensional experiments. 

There are two significant disadvantages associated with pulsed-field gradients. First, 
additional delays have to be incorporated into the pulse sequence for the application of additional delays have to be incorporated into the pulse sequence for the application of 
gradients. In some cases this is not possible due to timing constraints. Second, there can 
be an inherent reduction in sensitivity because the portion of the magnetization that is 
rejected by the field gradients may contain useful signal. Consequently, most experiments 

ili   bi i  f l d fi ld di  d h  li    d i bl  utilize a combination of pulsed-field gradients and phase cycling to remove undesirable 
signals from the spectrum.





11.1 Principals of Coherence Selection:      11.1.1 Spherical Basis Set
The product operator representation of the density matrix using Cartesian angular 

momentum operators, such as Ix, has proven to be very convenient for the analysis of the p , x, p y y
effect of RF-pulses on the density matrix during an NMR experiment. However, the 
Cartesian representation is cumbersome for analyzing the effect of phase cycling or field 
gradients on the density matrix. Instead, we will adopt a different representation of the 
density matrix in which the basis set will represent individual transitions  or coherences  of density matrix in which the basis set will represent individual transitions, or coherences, of 
the system. This basis set is often referred to as a spherical basis set.
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Phase cycling involves acquiring and co-adding the free induction decays from a number 
of experiments that are identical in all aspects, except the phases of one or more RF-
pulses and the phase of the receiver  In contrast to field gradients  coherence editing is pulses and the phase of the receiver. In contrast to field gradients, coherence editing is 
not obtained within a single scan, rather it is the summation of the data from all of the 
individual scans that results in the cancellation of unwanted signals. For example, if an 
experiment uses a four step phase cycle for one of the pulses then four individual FIDs will p p p y p
be acquired with pulse phases of 0, π/2, π, and 3π/2. These four FIDs are added together 
such that the signal associated with the desired coherence path add constructively while 
signals associated with undesired paths are canceled by the summation 


































