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Noise Reduction in Quadrupolar Echo Spectra at Short Echo Times
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The phase cycling scheme Exorcycle embedded into the cycle that provides this is the Exorcycl®)(i.e.,
quadrupolar echo pulse sequence is presented as a tool for reducing

ringing effects in broad quadrupolar spectra. © 2001 Academic Press b2 = (X, Y, =X, —Y),
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volution. Signal= (+, —, +, —),

whereg; is the phase of the second pulse (the phase of the fir:
INTRODUCTION pulse is kept ax). In the quadrupolar echo, this phase cycle has

. been usedq, 10 to select coherence transfers by the seconc
The solid () or quadrupolar) echo pulse sequence’®8  ,jse with a change in the coherence orideg| = 2, 4,6, . ...

-90°y- t-detection applied to spin= 1 nucleiisawell-known pence for a spin = 1 nucleus this phase cycle applied with
tool (3-9) to provide undistorted powder spectra in systems wifl rq rf huises selects the coherence transfer pathways —1
large (~10° Hz) static quadrupole splittings. Each shortcoming,,y 1 _, |1 at the second pulse. It follows that the ampli-
of the method calls for its specific remedy such as acquisitigfye of the obtained echo is independent of the frequency offs
delay to compensate the effects of finite pulse lengIh@ne \hich renders the measured transverse relaxation rate insensit
particular and annoying problem appearsc atalues that are o magnetic field inhomogeneity. Note that this is not the cast
short enough to let NMR transients created by and phase Coligfhe transverse relaxation rate measured by the convention
entto the second pulse be detected. The remedy to this Pmbleauadrupolar echo sequence (s&@ @nd references therein).

to cycle the phase of the second pulse as90-90°+y (4); SiNC@  The effect of the echo on the ringing signal induced by the
the echo transient remains unchanged, adding signals from #ag ,ise can be most easily illustrated if offset effects are as
two different scans cancels the transient from the second pulsgned to be negligible. In this case, experiments with phase
As an additional advantage, the technique also cancels the spus 4 _x for the second pulse do n(;t provide any echo from
rious signal that arises from the post-pulse ringing of the tapka nclear spins. Hence, it is only the scans with= (y, —Y)
circuit. This latter benefitis a consequence of (most of) this el provide the echo signal which reduces the NMR signal col
tronic disturbance being phase coherent to the pulse that cregieg.q by the same number of scans by a factor of 2. The ele
it (7). In this paper we call attention to the ringing signal that igoic ringing signal created by the second pulse is cancelle
induced by the first pulse of the quadrupolar echo sequence g, i wise addition of the transients with opposite phases fo
makes itself visible at smatl values. We also present a way Qe second pulse. The electronic ringing signal that is induce
cancel this disturbance. Our motivation stems from the neces%gythe first pulse is constant throughout the phase cycle an
of obtaining?H NMR spectra that are sufficiently free of nOis%ence, is cancelled by adding and subtracting an equal numb

to allow spectral deconvolution. of scans. One can, of course, expand this phase cycle by ¢
cling both the rf and receiver phases by the same amount. Or
THEORY should also note that there are other, conceptually more con

ti 1) for ph I ith equivalent effects on th
A phase cycle that would cancel the electronic ringing &gn%l?x options 1) for phase cycles with equivalent effects on the

that is phase coherent with the first pulse in an echo sequencgmg'
(i) must cycle the phase of the second pulse that alters the echo
signal from nuclear spins and (ii) has to make use of the fact

that the electronic ringing from the first pulse is independent of |, Figs. 1 and 2 we present fodH spectra obtained by

the phase of the second pulse. The conceptually simplest phgs€echo sequencesQ8r-90°;, (Figs. 1a and 2a) and 9¢-
7-90Exorcycle (Figs. 1b and 2b). Both the rf and receiver phases

1To whom correspondence should be addressed. Fax: +46 8 7908207. E-n¥4§I€ additionally cycled t_)y 90increments under which steps
ifuro@physchem.kth.se. the relative phase of the first and the second pulses was kept
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FIG. 1. 2H NMR spectra of the solid powder of perdeuterated poly(methyl methacrylate). (a) Spectrum collected by the9@0.y pulse sequence.
(b) Spectrum collected by the 99-t-90°exorcycle PuUlsSe sequence. The spectra have been acquired under identical experimental conditiors50itls at 298 K.
The spectra are normalized to the spectral maximum in (a).

specified above (for phaseof the first pulse). Hence, the full ratio and sufficiently long delay timg spectra in Fig. 1a and 1b
phase cycle consisted of eight steps for the spectra in Figs.st@w no ringing artifacts. Hence, the effect of the phase cycl
and 2a and 16 steps in Figs. 1b and 2b. With the exceptioninfEq. [1] on the signal from the nuclear spins can be easil
pulse spacing, the spectra were recorded under identical cemaluated. In particular, the peak amplitude (measured on t
ditions on a Bruker AMX300 spectrometer equipped with aimner powder peaks) in Fig. 1b is52 + 0.01 of that in Fig. 1a
M3200 high-power (American Microwave Technology, 1 kWyhich agrees well with the theoretical prediction of 0.5 (see
transmitter that provided 2.0s long 90 pulses for the approx- above).
imately 12-mm long samples located in a 5-mm solenoid probe.The signal in Fig. 2 comes from the surfactant cetyltrimetyl-
The rf coil of 6-mm i.d. and 18-mm length consisted of 24 turnemmonium bromide (CTAB) whose-methylene group has
yielding Q ~ 65. been~98%?2H-enriched. The sample was approximately 80 mg
The spectra in Fig. 1 were recorded by adding 1024 scaofsdry powder consisting of molecular complexes formed by
with T =50us in a sample of 36 mg perdeuterated9g8%, CTAB (about 50 wt%) and a naturally occurring polyelectrolyte
CIL) poly(methyl methacrylate). The start of the recording dfpartly sulfonated extracellular polysaccharide3)( The trans-
the echo signal was set to ¢ §) = 53.2 us after the second verse relaxation time, obtained from thedependence of the
pulse wheres compensated for the cumulative effect of finitesignal, was about 50—60s across the spectra in Fig. 2. Since
pulse lengths®) and finite bandwidths of the probe and thenly a short delay time =25us (§=3.2us as above) was
transmitter {2). Because of the sufficiently large signal-to-noisallowed by the fast transverse relaxation and since the samg
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FIG.2. 2H NMR spectra of the solid powder of the complex created bytieuterated surfactant cetyltrimethylammonium bromide (CTAB) with a charge
natural polyelectrolytel3). (a) Spectrum collected by the 98- 7-90° .y pulse sequence. (b) Spectrum collected by thg-86-90°exorcycle Pulse sequence. To
allow a direct comparison of the signal-to-noise ratios, the spectra are shown with their peak intensities normalized to one. The absoluteespigtira(b) is
half (within 2%0) of that in (a). The spectra have been acquired under identical experimental conditionsw2th..s at 298 K.
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