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Direct Observation of Various Al Sites in SAPO-34 by Al
Multiguantum (MQ) Magic Angle Spinning (MAS) NMR

Zhi Min YAN, han Qin ZITUANG, Leir XU, Xiu Wen HAN, Zhong Min LiU,
A e BAO*

State Key Laboralory of Catalyvsts, Dalian lnstitute of Chemical Physics, Chinese Academy of
Scicnees. Dalian 116423

Abstract: The clegant 2D multiguantum (MQ) MAS NMR has been applicd 1o investigate the
coordimation of Al atoms in SAPO-34. The results show that the cllects ol the template andior
water on the coordination ol Al atoms are signilicant, which lead to the Tormation of vartous Al
spectes.  Lp to Tour kinds of Al species are distinctly resolved.
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SAPO-34. an 1sotype of the chabasite structure, 1s known as a promising catalvst for
. . | . .
mcethanel conversion to light atkenes'. 1t has been shown that its structure is very

2

sCnsitive o water at room lemperature after template removal”.  Thus the presence of
template and/or water has greal effects on its structure modifications. particularly on the
coordination states of Al sites.  Atthough D ~"Al magic angle spinning (MAS) NMR
spectroscopy has been widely used to mvestigate the coordination state of Al in SAPOs,
it s difticult 1o distinetly resolve the different Al specics because of its complex
coordination stales and quadrupolar nuclear nature (/-5/2).  On the contrary. the
recemtly developed 2D multiquantum {MQ) MAS NMR method’ has been verified to be
a powerful wehnigue o clucidate the structure of aluminosilicates, siticoaluminophosphates,
and aluminophosphates.  In this paper. we present 2D Al 30 MAS NMR results of
SAPO-34 to reveatl the etfeets of the wmplate and/or water on the coordination states of
Al species.

SAPQO-34 was synthesized hydrothermally according to published method using
tricthylamine as a template”.  The product was calcined in air at 823K for 5 h to remove
the template. The samples were equilibrated with the saturated water vapor of a NH,C)
aqueous  solutton overnight before being packed into NMR-MAS rotors.  The
dehydrated samiple was obtained by heating it at 673K for 20h with outgassing below
1O Pa using a home-made in site apparatus’.

The NMR mecasurements were carried out at room femperature on a Bruker
DRX-400 NMR specrometer. 2’ Al MAS NMR spectri were recorded at 104.3 MIz
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(V.4 Tyusing a 0.75 us (7 12) pulse witlya 3 s recyele delay and 200 scans. For Al 30
MAS NMR., a three-pulse multiquantiim MAS sequence was employed. 1o concert with
the 1 PIL technigque’, pure-phase MOQMAS spectra were obtained using a z-filter method’.
where the phase cycling was designed to select the coherence pathway of 0 - 23 = 0
-3 -], The spectra were recorded with 512 x 256 data points and zero-tilled to 312 x
512 betore 2D Fourier wansform.  For cach 1, increment, 48 scans were used 10
accumulate the signals with a reeyele delay of 2 5. A shearing transformation was
pertormed alter the 2D wansforo. The chemical shift was referenced to [AI(TLO),] .

Ficure 1 “ALNMAS NMR spectra of SAPO-34 (af as-synthesized, (b caleined and
dehydrated, (o) caleined and rehydrated
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The “’Al MAS NMR spectra of as-synthesized, calcined dehydrated, and caleined
rehydrated SAPO-34 are shown in Figure 1. For the Al MAS NMR spectrum of
as-synthesized sample (Figure la) two components are clearly detected centered at car.
37 and 11 ppm typically corresponding to tetrahedral and five-coordinate Al specics,
respectively, At the same time. a broud and tailing band centered cau. -7 ppm s
observed.  Its nuture will be discussed later.  Figure 1b shows the “"Al spectrum tor
the caleined and delbydrated SAPO-34 sample. It should be noted that only one
asynunctric peak at cw. 33 ppm occurs after caleination. which can be assigned to
tetrahedral coordination Al sites. Upon rehiydration of caleined SAPO-34, the spectum
changes remarkabilly as shown in Figure e, A broad peak with a maxinwm at ¢a. - £2
ppm. which is attributed to six-coordinated Al species, is seen with other two peaks at c.
39 and 13 ppm duc to tetrahedral and five-coordinate Al specics respectively, v was
concluded that the ~'Al chemical shift indicative of higher coordination (five- and
siv-coordinated) arose from an additonal sccondary interaction of Al with extra-
framework water, QL and/or template in the sieve cavities”

Figure 2 shows the 2D 3Q MAS NMR spectra of the same samples.  The isotropic
chemical slift &, as well as the second order quadrupolar ctfeet (SOQE) can be
deduced from the position of the signals in the 2D spectrum’. Obviously, the 2D
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spectra exhibit a more resolved patiern than the 1D experimenis.  Three Al species,
marked as A. 3. and C, are distinctly scparated in the as-synthesized sample (Figure 2 a).
Signal A with relatively strong intensity and SOQE value (3.9 Mllz) can be
unambiguously assigned to tetrahedral framework Al according to its position, and signal
C. which is a relatively faint peak in the 1D Al MAS NMR spectrum, is reasonable to
be assigned to five-coordinated Al species by its position.  Signal B lies along the
anisotropic axis and displays the strongest quadrupolar interaction (SOQE - 8.2 MHz) in
this sample.  From the isotropic chemical shift (52 ppm) of signal B and its SOQE value,
this signal has to be attributed to tetrabiedratly coordinated Al species with a quadrupolar
effect stronger than that of signal A, This signal B could correspond to Al sites with Si
as the nearest neighbor, ie., SAPO phase, while signal A could result from AIPO phase.
Comparcd the results of the 1D spectrum. signal B corresponds to the broad and tailing
band centered ce. -7 ppm, which has been proved to be cansed by strong quadrupolar
coupled Al specics.  In the 2D 3Q MAS spectrum of caleined and dehydrated sample,
only two signals arc left corresponding to the tetrahedral Al sites causing signal A and B,
both showing reduced SOQE valuc after the removal of template and water,  Upon
rehydration an additional signal D. duc to six-coordinated Al species, 1s observed s
shown in Figure 2c. At the same time, signal B appears as a tail to signal A, indicating
1 highly distorted c¢lectronic environment and a  distribution of chemical shifts.
Morcover, the observed sipnal C (s resulted from five-coordinated Al due to the
adsorption of -0 molecules near the framework Al atoms.  This fact indicates that
water molecules modifies the structure during hydration, and thus sente of the tetrahedral
Al atoms are changed to five- and six-coordinated Al species i the presence of water.

Figure 2 Al 30 MAS NMR spectra of SAP(-34
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