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Multiple-quantum magic angle spinning is successfully incorpo-  ning (MQMAS) 8, 9) to obtain a high-resolution HETCOR
rated with double-quantum cross-polarization between quadrupo-  spectrum for quadrupolar nuclei. Similar efforts have bee
lar nuclei, producing a two-dimensional *B{*’Al} high-resolution  made to improve the HETCOR spectroscopy based on cros
heteronuclea'r correlation spect.rum for.a magnes?um alyminobo- polarization between spin-1/2 and quadrupolar nudieiL3.
rate glass. It is shown that the six-coordinate aluminum site (AlOg) In this Communication, we will present the high-resolution

referentially coordinates to the tetrahedral boron site . .
?BO) ©1932Academicpress HETCOR spectrum of a magnesium aluminoborate glas
2).

Key Words: cross-polarization; HETCOR; MQMAS; spin 5/2: showing direct evidence for the preferential connectivity be
quadrupolar nuclei. tween AIQ, and BQ, units.

In order to understand the pulse sequence shown in Fig.
we first briefly discuss the principle of tlzefiltering MQMAS

Cross-polarization magic angle spinning (CPMAS3) {s sequence which symmetrizes the coherence pathways of b
nowadays ubiquitous in studies of crystalline and amorphoasho and anti-echo signals (& = p — 0 — —1) (14).
systems. Very recently, CPMAS experiments have been Referring to Fig. 1, thé’Al triple-quantum coherence excited
ported in which both the source and the recipient spin systetns the first*’Al hard pulse is allowed to evolve for a time
are half-integer quadrupolar nuclei with strong second-ordeeriodt,. The phase evolution (dephasing) is then quenched
guadrupolar interactions2). The CP process in this newlythe second hard pulse, which converts triple-quantum cohe
established experiment corresponds to the so-called doulsleees into polarizations along tleaxis of the laboratory
guantum transition, where the “flip-flip” or “flop-flop” transi- frame. The phase evolvedinis subsequently transferred into
tions are energetically balanced by mechanical rotation of tA@él single-quantum coherence created by the soft readir
sample at the modified Hartmann—Hahn conditign4j, pulse. As a result, the dephasingtirwill be refocused and an
echo will form after a time perio@t,, wherek is the ratio of
the precession frequencies of the triple-quantum and sing|
quantum coherence8,(15. For the echo signal of the spin-5/2
system,k takes the value of 19/128). This z-filtering MQ-
wherev,, andv,s denote the nutation frequencies of spin | anMAS sequence has the advantage that the evolution of Athe
S, respectivelyyy is the spinning speed; amdis equal to 1 or triple-quantum coherences 8Q) int; would result in a mod-
2. The advantage of double-quantum CP over the conventionkdtion of the echo amplitudes only (no phase modulation) ar
zero-quantum (flip-flop) process for quadrupolar nuclei origi Fourier transformation of the echo amplitudes with respect |
nates from the lower spin-lock fields employed in the doublé: would yield the desired high-resolution spectrum. If we
quantum CP experiments, because efficient spin locking foerform the double-quantunt'B{*'Al} cross-polarization
quadrupolar nuclei can be obtained under the conditions sirting at the top of th&Al echoes, the resultingB signal
high spinning speed and weak spin-lock powsy@). This modulation would synchronize the echo modulation*@fl.
double-quantum CP approach shows good utility for the stué@onsequently, a double Fourier transformation of tBeFIDs
of glassy systems containing two types of quadrupolar nucigould give a high-resolutiort'B{ ’Al} HETCOR spectrum.
(7). However, it was noticed that the resolutions of th®Vith this physical picture in mind, it is easy to understand the
“B{*’Al} heteronuclear correlation (HETCOR) spectra in th&2-step phase cycle presented in Fig. 1, where the concept
foregoing studies were limited by tHféAl second-order qua- spin-temperature inversion is incorporated into the basic 3t
drupolar broadening. It is therefore of interest to combine tlstepz-filtering MQMAS phase cycling.
double-quantum CP with multiple-quantum magic angle spin- The *'B{ *’Al} HETCOR spectrum obtained for a magne-
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FIG. 1. The pulse sequence employed in this work. Spin-temperature inversion is included in the phase cycling. Quadrature detection in the F1 dir
can be achieved by shifting the phasejgfby 30°. The factor 19/12; indicates the position of théAl echo top. For the sake of clarity, the total receiver phase
is separated into the sum of the RF reference pldasend the analog-digital-converter phasg,c.

FIG. 2.
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1B{*’Al} TQMAS-HETCOR spectrum of a magnesium aluminoborate glass (batch composition 25 mol% MgO, 45 Y88 mol% ALO;).

All the measurements were carried out at 130.3 and 160.5 MHZAband "B, respectively, on a Bruker DSX-500 spectrometer under the following condition:
t; increments, 45, step, 10us; contact time, 2 ms; spinning speed, 12 kHz; transients accumulated, 5760; dummy scan, 72; relaxation delay, 0.3 s. The is
chemical shifts of’Al and 'B were referencedtl M aqueous AlGland BF, - Et,0, respectively. The RF field strengths of the first &l hard pulses (3.0
and 1.0us) and the third soft pulse (12u8) corresponded to 135 and 6 kHz, respectively, for aqueous AlBé nutation frequencies of th&l and 'B contact
pulses were measured to be 8.3 and 6.2 kHz, respectively’Ah&ransmitter frequency was set on the Al@gion.
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FIG. 3. TQMAS spectrum of the magnesium aluminoborate glass. Spectro
indicated. Minor peaks are spinning sideband artifacts.

sium aluminoborate g|ass is shown in Fig_ 2. The measuie-Professor Hellmut Eckert for his unlimited support and continuing encour

ments were authenticated by performing null experimenig
(without power for the’’Al hard pulses and contact pulse).
While the projection of the F2 dimension corresponds closely
to the "B MAS spectrum, the F1 projection resembles the
isotropic dimension of the correspondifigl TQMAS exper-
iment shown in Fig. 3. It is not surprising that the relative
intensities of the isotropi¢’Al peaks are different in the

HETCOR and MQMAS spectra because CP dynamics invoh2.

ing a quadrupolar nucleus is not expected to be quantitagjve (
As shown in Fig. 2 the selective projection belonging to the
BO, unit reveals a more substantial enhancement of the, Al
signal than that belonging to the BQinit. Previous works
show that at the RF field strength applied for &l contact
pulse, the relaxation behavior in the rotating frame is identical
for all three AIQ,, AlOs, and AIQ; units @, 7). As such, the

spectral difference in the Band BQ, projections cannot arise 5.

from differences irf’Al spin-lock behavior nor the position of
the ’Al transmitter frequency. In other words, the HETCOR
result suggests that the BOnit is preferentially surrounded by
the AlO; unit. This finding is consistent with the bond valence
model for aluminoborate glasses6f because BQand AlO;
units are negatively and positively charged, respectively.
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