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In Fourier-transform NMR spectroscopy, the width of thenoment when the magnetization of all peaks is in-phas
spectral window is determined by the sampling rate ¥, 8). Because of dead-time by RF pulse, data acquisitio
time-domain signal X). According to Nyquist theory, cannot start at = 0 and spectral folding often causes
resonance lines with frequencies higher than the samplidigpersively shaped peaks and even intensity cancellatic
rate are folded back into the spectral window. To avoidetween folded and unfolded peaks. Figure 1 shows th
spectral folding, NMR spectrometers are usually equippethange of both phase and intensity to spinning sidebanc
with digitizers fast enough to cover wideline spectra such agar two edges of the 1 MHz window by only a Q.5 shift
'H and?H NMR of solids. However, cases which require 4o the data sampling.
spectral window wider than the speed of digitizers still The problems associated with insufficient sampling rat
exist. Here, a simple method is described to increase tb@n be solved without the requirement of faster digitizers
spectral window without the requirement of faster digiTwo spectra are acquired under identical conditions usin
tizers. the maximum digitizing rate except a shift of data sampling

The problem of an insufficient sampling rate arises in olny a half dwell-time. New time-domain data can be con-
recent work on detecting satellite transitions of quadrupolatructed by filling the data points alternatively from the two
nuclei. ForS = $ spins, the second-order quadrupolar effe@cquired signals. The effective sampling rate of the gene
under MAS is much smaller for-3 <> +3 satellite transi- ated data is twice of the digitizing rate and therefore double
tions than the commonly observed central transition; therdre spectral window. Figure 1c shows the resulting spectrut
fore, satellite transition MAS spectra offer higher spectrathich has a 2 MHz spectral window using the maximum 1
resolution @-5. By coherence transfer from satellite toViHz digitizing rate of the spectrometer. The increase in
central transition, the 2D satellite transition magic-anglgpectral window unfolds the satellite transition spinning
spinning (STMAS) experiment completely averages tt@debands which fold into the original spectral window in
anisotropic second-order quadrupolar effect leading to isBig. 1a. The unfolded spectrum of Fig. 1c directly shows the
tropic NMR spectra of quadrupolar nucle)( Because spinning sideband powder patterns of the first-order quadrt
satellite transitions are shifted by the first-order quadrupolpolar interaction excited by an s pulse withyB,/27 =
effect, their NMR frequencies in powder samples often sp&® kHz. A further increase in the spectral window when
several MHz. Figure 1 showSAl MAS spectra of a poly- necessary can be implemented by acquiring multiple spect
crystalline 9ALO; + 2B,0; sample. The modulation of with data sampling sequentially shifted by a fraction of the
first-order quadrupolar interaction by MAS vyields largewell-time.
numbers of spinning sidebands for the satellite transitions.The described method offers a simple solution for ultre
Clearly a 1 MHz spectral window, the maximum availablevide NMR spectroscopy when available digitizers are no
on the Bruker DRX console, is not enough to cover afast enough to cover the required spectral window. Th
spinning sidebands and the peaks outside the spectral wimcrease in the spectral window avoids the problems fror
dow are folded back. insufficient sampling rate such as spectral overlap, dispe

Spectra with folded peaks are highly sensitive to th&ive lineshape, and peak cancellation for observing ultr
timing of data sampling. The phase of folded peaks dedde NMR spectra such as satellite transitions of quadru
pends on the time of the first data point to= 0, the polar nuclei.
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FIG. 1. (a)”Al satellite transition MAS spectrum of 940;+2B,0;. (b) Same as (a) but the data sampling was delayed by€.%c) Unfolded spectrum
obtained using the method described in the text. Experiments were performed on a 833Hvidgagnance frequency) Bruker DRX spectrometer using a 2.7
mm MAS probe. The 20 kHz sample spinning was carefully adjusted to the magic-angle for observing satellite transitiops byatation pulseyB,/2m =
80 kHz). All spectra were acquired using the maximum 1 MHz digitizing rate of the spectrometer. The baseline roll caused by the dead-time of RF pul
reduced by filling the first nine distorted points with the signal intensity of the tenth point.
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