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Coherence selection with pulsed field gradients (PFG)
yields a phase-modulated signal with concomitant mixed
lineshapes ( /-4). Phase-sensitive spectra have been obtained
by recording a second data set with inverted sign of the re-
focusing gradient and the use of rather complicated data-
processing schemes (5-8). This Communication now de-
scribes an avenue to phase-sensitive spectra with a single
scan for each experiment in f,, using a PFG-based experi-
mental scheme, conventional data acquisition, and conven-
tional data processing. Potential applications are in all areas
where optimal sensitivity is not a concern and workable data
can be accumulated with a single scan per ¢, increment and
for selected multiple-scan experiments, for example, in com-
bination with certain solvent-suppression schemes (see below).

Figure | shows the experiment used to record single-scan,
phase-sensitive NOESY spectra with PFG-based coherence
selection. Before and after the mixing period, 7, a self-com-
pensating “PFG sandwich” is applied, which consists of two
PFGs with inverted sign separated by a =('H) pulse and
ensures rapid recovery after the PFG as well as refocusing
of the chemical-shift evolution during the PFG (9). An ad-
ditional PFG in the middle of 7, destroys all coherences
present after the second 90° pulse (a in Fig. 1). After the
second PFG sandwich (b in Fig. 1) one has the magnetization
(7,8)

[1]

The new feature introduced in this paper is to select one of
the two terms in Eq. [1] either with a trim pulse (Fig. 1) or
an additional PFG framed by two (x/2)('H) pulses. For
example, a trim pulse along the x axis at time b (Fig. 1)
destroys the y component of the magnetization by the in-
homogeneity of the radiofrequency field and thus leads to a
pure sine dependence of the signal with respect to ¢,. Incre-
mentation of the phase ¢, by n/2 gives the corresponding
cosine term. Therefore, pure phases can be obtained using
standard complex or real data collection in ¢, and with stan-
dard processing (10).

The result obtained is shown in Figs. 2 and 3, which display
NOESY spectra recorded using the experiment in Fig. 1 with
and without the SL pulse. The spectrum acquired without

op = L sin(wt)) + 31,cos(wty).

263

the SL pulse shows strong phase distortions (Figs. 2B and
3B), whereas a spectrum with absorptive lineshapes resulted
when the complete experimental scheme in Fig. 1 was used
with the parameters given in the legend to Fig. 2. This ap-
proach to obtaining pure lineshapes is not limited to NOESY,
but can also be used in combination with other pulse se-
quences, e.g., in HSQC experiments. If use of a high-power
trim pulse is detrimental to the outcome of the experiment,
the SL pulse in Fig. 1 can be replaced by a PFG preceded
and followed by a (7/2)('H) pulse.

It is clear from Eq. [1] that the approach used leads to a
loss in sensitivity by a factor V2 compared to phase-sensitive
spectra obtained from a combination of recordings using
PFGs with inverted sign (5-7). Practical applications can
therefore be envisaged mainly in situations where sensitivity
is not a limiting factor, but the time savings with single-scan
experiments and the convenience of obtaining phase-sensi-
tive spectra with standard data handling are appreciated. This
could include in the future many routine applications in
chemistry laboratories. However, there are also low-sensitiv-
ity experiments using extensive data accumulation for which
the standard scheme already includes a purge pulse corre-

g2

FIG. 1. Experimental scheme for phase-sensitive 2D NOESY with PFG-
based coherence pathway selection. The evolution time is #,, 7,, is the NOESY
mixing period, ¢, is the acquisition time, 7, is the length of the PFGs, r,, is
the length of the PFG used as a “homospoil” pulse during r,, and SL is a
spin-lock purge pulse. 'H radiofrequency pulses are given by vertical bars
on the line RF, where /2 and = pulses are indicated by thin and thick
bars. PFGs are indicated by the shaded shapes on the line g.. Each half-
gradient in the two PFG sandwiches (9) has a duration 7, and a modified
rectangular shape, with the last quarter having a cos® dependence. The PFG
in the middle of 7, eliminates coherences present at point a. SL is applied
between point b and the start of the acquisition. All 'H pulses are applied
with the same phase, except that quadrature detection in ¢, is achieved by
altering the phase ¢, according to the States—TPPI scheme (/4).
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sponding to SL in Fig. 1 (or, as an alternative, an equivalent
PFG), and the resulting loss in sensitivity is accepted for
other reasons. An exampile is the use of spin-lock purge pulses
for solvent suppression (11, 12). In these experiments the
absorptive lineshape obtained for PFG-based coherence se-
lection would come as an extra benefit of the solvent
suppression scheme which is used, without additional loss
of sensitivity. We have actually developed the experiment
in Fig. 1 when working on measurements of the exchange
rates of labile protons (4) and intact water molecules (13)
between interior sites in proteins and the bulk water, which
depend critically on solvent suppression schemes that can
be applied immediately before the acquisition period
(Fig. 1).
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FIG. 2. Contour plots showing the region (w, = 6.8-8.2 ppm, w; =
6.8-8.2 ppm) from two 'H,'H NOESY spectra recorded using the experiment
in Fig. 1 (A) with or (B) without a purge pulse SL of length | ms (20 m Af
solution of BPTI in 90% H;0/10% DO atpH 3.5and T =298 K, 7, =
80 ms); 7, = 1, = | ms, and the field strength was 36 G/cm in the PFG
sandwiches and 6 G/cm for the PFG applied during the mixing time. The
delay between PFG and the following (7/2)('H) or SL('H) pulse was 100
s, and the delay between PFGs and w('H) in the PFG sandwiches was 10
us. One scan was acquired per ¢, increment, and no presaturation for solvent
suppression was applied; #imax = 80 ms, .y = 164 ms, complex time domain
data size = 500 X 1024 points, and zero-filling was applied in ¢, only to a
final size of 512 complex points. The data were multiplied with a cosine
function along ¢, and t,. Complex acquisition with the States~TPPI scheme
(14) and standard complex Fourier transformation were used. The dotted
lines indicate the position of the cross sections in Fig. 3.
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FIG. 3. (A and B) Cross sections along w, at the position of the dotted
line in the corresponding parts (A) and (B) in Fig. 2.
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