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Abstract: The structure of AIP@CJ2 aluminophosphate has been reinvestigated by MAS, MQMAS (multiple
guantum magic angle spinning), CP-MQMAS (cross polarization-MQMAS), and HETCOR (heteronuclear
correlation) NMR spectroscopy. The CP-MQMAS method showed that the sample, when not allowed adequate
time for crystallization, included a substantial concentration of amorphous species. The crystalline component
was cleanly singled out by this technique. We discuss the relative populations and the distributions of F and
OH groups within the structural building units (SBUs) and the distribution of various SBUs within the crystalline
structure of AIPQ-CJ2. For the latter case, a mixture of SBUs is demonstrated frodffhe 3P HETCOR
spectrum. Prenucleation building units (PNBUSs) are the principal objects used for efficient crystal formation.
They may undergo an isomerization to reach the proper configuration to integrate into the solid network. The
isomerization implies formation of a bridge within the PNBU, probably at random with respect to OH or F.
As integration in the network is taking place parallel to isomerization, the network forms as domains containing
a mixture of the different types of SBUs.

Introduction differences in topological constraints. In AIRGJ2, fluoride

AIPO4-CJ2 (CJ2 as a short form) was first synthesized by and hydroxyl groups are dgscrlbeq as sharlng a pair of
Yu et all On the basis of X-ray diffraction data, they proposed nonequivalent sites with fractional site .occupanéléﬂther .
a structure that did not contain any fluoride, though they stated ?llnalpgetigs oftﬁ:\]tzhhave alst(_) Ibeer;) stytuotl_led thfat ldo not cot?taln
that fluorides were present in the framework. This ambiguity ugn::e or that have partial substitution ot aluminum by
is due to the inability of the X-ray studies to discriminate cobait.

: : o In a general study of solid formation of microporous
between OH and F, which have equal electronic densities. As .
the first structure analysis of AIRECJ2 could not conclusively aluminophosphates] AIPO,-CJ2 has been selected as a good

establish the presence of fluorides, a second single-crystal s'[ud)m(.)(lleI for c.ha.racterl_zm.g the various stages of co ndengatlon from
was performed on the same phasEhis time, in addition to primary building units in solution to the crystalline solid phase.
XRD, an NMR study was also undertaléen for structure 't synthesis has been the object of a systematic multinuclear
determinatior?. Two distinct fluoride environments were clearly NMR analys!s, In situ as W‘?“ as ex situ, In which bOth the
shown to be present in the polycrystalline sample. An isotypic supernatant liquid and the solid pk(:ases obtaln(_ad at various stages
phase of this compound was also obtained, using gallium insteadOf synthesis have. been analyZed® These studies have shown

of aluminum. The®F NMR spectrum of GaP£CJ2, however, that the synthesis occurs through a sequence of %té?)S_.
shows only one type of fluorine environmérEhe variation in Formation of an amorphous oxyfluorinated phase occurs first,
fluorine content between AIPECJ2 and GaPECJ2 is probably (4) Dick, S.; Gossner, U.; Grossman, G.; Ohms, G.; ZeiskeZ.T.

related to the different ionic radii of Ga and Al, inducing Naturforsch.1997 52 1439.
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a terminal positions by Xand X, respectively, regardless of their
occupancies by OH or F.Using this notation, the nearest-
neighbor distanced(P,X) are as follows: PRtype phosphorus

has one Xneighbor and one Xneighbor at distanced{P1,X:)

= 3.55 A andd(P,Xy) = 3.06 A, while B-type phosphorus is

surrounded by two Xsites atd(P,,X;) = 3.49 and 3.56 A, as

well as two X%, sites atd(P,,Xp) = 2.91 and 3.23 A.

Solid-state NMR spectroscopy is our tool of choice to address
several unsettled questions regarding the structure of AIPO
CJ2 crystals. The isotropic data for each of #w&l environ-
ments are resolved using MQMAS methods. Phase mixtures or
impurities, if present, can be edited using CP-MQMAS@fl
with polarization transfer fromH or 19F. Connectivity of the
fluorine nuclei with aluminum or phosphorus nuclei is deter-
mined usingt®F—27Al and 1°F—3P HETCOR experiments. We
are particularly interested in the relative occupancy of the
bridged and terminal groups by fluorine and OH groups in the
SBUs and in the distribution of various SBUs within the APRPO
CJ2 crystals.

Experimental Section

Synthesis of AIPQ-CJ2. AIPO,-CJ2 is a microporous alumino-
phosphate obtained by hydrothermal synthesis. The reaction mixtures
having molecular ratio 1 ADs;:1 P,Os:1 hexamethylenetetramine:2
NHF:80 HO were placed in a stainless steel autoclave lined with
Teflon and heated at 18 for several days. The resulting products
were filtered off, washed with distilled water, and then dried at room
temperature. A polycrystalline sample could usually be obtained after
several days of synthesis. Large single crystals (about 0.2 mm/side)
can be obtained after a longer thermal treatment. More details about
the synthesis process can be found in previous descrigtfons.

Two different CJ2 samples were prepared for this study: (i) a
“contaminated” sample referred to as CJ2(c) that was synthesized over
a period of only 1 day, and is therefore likely to contain a significant
concentration of undesired phases; and (ii) a sample that was hydro-
thermally treated for an additional week, which is expected to show a
Figure 1. (a) Structural building unit (SBU) of AIPECJ2. (b) higher degree of structural purity and is henceforth referred to as CJ2(p).
Polyhedral view of CJ2 crystal along the [100] direction. The chemical formula for CJ2 can be written as (NiH

(N2H4)o.76(H30)0.22(Al1) 1(A12) 1(P1Q0)1(P2Qy) 1 (FI(OHL) «(F2),-
followed by its phosphatation and dissolution into a fluoro- (OH2),_,. In the sample synthesized in our earlier stdaye used the
phosphato-aluminate species. An aluminum complex of generalchemical elemental analysis and MAS NMR to determine its chemical
formula AIF(HPQy) (H20)3-x(OH), forms in solution, in which formula,x = 1.0 andy = 0.33. The reduced formula could be written
aluminum exhibits 5-fold coordination. This complex can then @S (NH)osdH3s0)o.11(Al) 1 o(PQ)1.{OH)osdFloez Using quantitative
further condense to give a prenucleation building &hithich NMR measurements 6fF, as described in the section below, a slightly

; ; ; ; ; ; different reduced formula was determined for the samples used in this
we believe is a dimer of the simple complex. This species only
contains aluminum atoms that zfre 5-fo|g coordinatgd. Crystal- study, (NHJosdHsOo.1Al) 1 (P Q)1 dOH)o s7eco05(Flocazos) A result

lizati f CJ2 bedi hil | h lid ., Obtained consistently in all studied samples is that the terminal site in
ization o egins while several amorphous solids coexist. 35 is occupied exclusively by fluorine.

No aluminum coordination state higher than 5 is observed in  NMR Methods: MQMAS, CP-MQMAS, 9F—27Al, and 19F—31P
solutior? while the crystals grow. However, our earlier XRD HETCOR. In this study, several high-resolution solid-state NMR
study showed that crystalline AIREJ2 consists of structural  experiments for spidk and quadrupolar nuclei were employed.
building units (SBUs) that contain two crystallographically The standard MAS NMR of°F has been performed to determine
inequivalent sites for each aluminum and phosphorus atom, asthe absolute fluorine content using NaF as an internal reference. The
depicted in Figure 1aln the SBU, phosphorus and aluminum relative fractions of bridging and terminal were determined in the same
atoms are alternating and form a square-like unit. One aluminum Experiment with~10% accuracy. These data were used to calculate
atom is 5-fold coordinated, while the other one is 6-fold the relative occupancies of bridged and terminal sites by F and OH.
coordinated. Both have four oxygen atoms in their coordination Thelztgchmque of multiple quantum magic angle spinning (MQ-
sphere that also connect them to the phosphorus atoms. Two omAS) Pwas used to remove the anisotropic line broadening in the

L - MR spectra of aluminum (Figure 2a). MQMAS was also coupled
the oxygen atoms conn_ect inside the structural unit, and_two with the technique of cross polarization, in an experiment referred to
make external connections. The pentacoordinated aluminumag cp.MQMAS!5to provide high-resolution connectivity and phase
shares a bridging group with the hexacoordinated aluminum,
which has also a bond to a terminal site. OH or F can occupy 11§1§)2$/I7e$1ek, A.; Harwood: J. S.; Frydman, L. Am. Chem. Sod.995
th.e bndglng and terminal sites with fractional occupancies that (13) Frydman, L. Harwood: J. S. Am. Chem. Sod995 117, 5367.
will be discussed later. Let us denote the atoms in bridging and (14 Fernandez, C.; Delevoye, L.; Amoureux, J.-P.; Lang, D. L.; Pruski,

M. J. Am. Chem. S0d.997 119 6858.
(11) Ubbelhode, A. RMolten State of Matter, Melting and Crystal (15) Pruski, M.; Lang, D. L.; Fernandez, C.; Amoureux, JSBlid State
Structure Wiley-Interscience: New York, 1978. NMR 1997, 7, 327.
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Figure 2. Pulse sequences used in two-dimensional experiments: (a)
MQMAS, (b) CPMQMAS, and (c) HETCOR.

separation information (Figure 2b). Finally, heteronuclear correfétién
(HETCOR) experiments betweéPF—27Al and *°F—3P were used to
measure the connectivities and resolve the various environmetifd of
3P, and'°F in CJ2 (Figure 2c).

The MQMAS experiment is designed to refocus the second-order
guadrupolar anisotropy by correlating the evolution of the MQ
coherences#p/2,7p/2) during timet; with the observable single-
guantum central transition coherene€/,+5) during timet,. Among
the various procedures used for obtaining pure absorptive 2D
spectra?182 we found thez-filter method® to be the most advanta-

geous. The radio frequency (rf) pulses used to excite the three-quantum T 0s

coherences#3Q) and to transfer them backpc= 0 had an amplitude
of ~250 kHz. A selectiver/2 pulse of~10 kHz rf amplitude was
applied after thezfilter period of 200us. All MQMAS experiments
were performed using a sample rotation rate of 20 kHz.

While excitation of MQ coherences via cross polarization can be
achieved directly??*we chose a more approachable coherence transfer
scheme (6— £1— 0— +3 — 0— —1). Itis well known that cross
polarization of half-integer quadrupolar nuclei is difficult due to the
convoluted spin dynamics involved in both the spin locking and the
CP processe®:2* Work by Sun et af? has shown that efficient spin
locking and CP can be achieved using low rf fields and high MAS

speed. The CP conditions in our experiments were optimized using an

rf field amplitude of ~5 kHz on?’Al, a sample rotation rate of 20
kHz, and a CP contact time of 2.

HETCOR NMR analysis was used to measure the connectivities and
resolve the various environments?Al, 3P, and'®F in CJ2. In these
experiments, the; dimension is inserted, and systematically incre-
mented, just after the initiak/2 pulse applied to thé°F nuclei (see
Figure 2c). Again, the low rf power restrictions for CP betwééx
and*°F were respected with an rf field amplitude of about 8 kHz on
27Al. For the CP betweeffF and®!P, higher rf fields of about 20 kHz
for 3P and 40 kHz for'®F were used. The HETCOR spectra were
acquired at two different magnetic fields, 9.4 and 11.7 T, under MAS

(16) Wang, S. H.; Depaul, S. M.; Bull, L. Ml. Magn. Reson1997,
125 364.

(17) Steuernagel, SSolid State NMRL99§ 11, 197.

(18) Fernandez, C.; Amoureux, J.-Bolid State NMRL996 5, 315.

(19) Massiot, D.; Touzo, B.; Trumeau, D.; Coutures, J.-P.; Virlet, J.;
Florian, P.; Grandinetti, P. Bolid State NMRL996 6, 73.

(20) Amoureux, J.-P.; Fernandez, C.; Steuernagell. $4agn. Reson.
1996 A123 16.

(21) Brown, S. P.; Heyes, S. J.; Wimperis, 5.Magn. Reson1996
Al19 280.

(22) Sun, W.; Stephen, J. T.; Potter, L. D.; Wu, .. Magn. Reson.
1995 116 181.

(23) Vega, A. JSolid State NMRL992 1, 17.

(24) Vega, A. JJ. Magn. Reson1992 96, 50.
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Figure 3. MAS spectra of’Al (a), 3'P (b), and'®F (c) in CJ2(p).

at 20 kHz. Contact times for tH&—2’Al HETCOR experiments were
150us at 9.4 T and 25@s at 11.7 T. The chemical shifts &, 31P,
and?’Al were referenced to CFgIH;PO, 85%, and aluminum nitrate
aqueous solution, respectively.

Results and Discussion

1. One-Dimensional?’Al, 3P, and 1% NMR Analysis of
CJ2: Quantification of 1°F. The first MAS study of AIPG-
CJ2 was reported in our earlier pagemhe spectra were
obtained for?7Al, 3P, 19F, 15N, and'H nuclei using a magnetic
field of 9.4 T on a powder sample, which had been synthesized
over a period of several days. All NMR data were consistent
with the results of elemental analysis of the same powder sample
and with the X-ray diffraction pattern obtained on a single
AIPO,4-CJ2 crystal. We have now reexamined &, 3P, and
19F MAS results using the sample prepared for this study. The
MAS spectra of’Al, 3P, and'°F in CJ2(p) are shown in Figure
3a—c, respectively. In agreement with the previous work, two
equally populated aluminur?fAl environments are observed
in the spectrum of Figure 3a: hexacoordinated aluminun YAl
with the resonance centered-a8 ppm, and pentacoordinated
(AIY), with the resonance centered at 17 ppm. As will be later
discussed during the analysis of the HETCOR spectra, each of
these resonances may include contributions from at least two
different Al sites. The two phosphorus sites from our first NMR
study are also observed here. They were assigned to the two
crystallographically nonequivalent sites Bnd B that were
detected in the XRD analysis. However, a closer examination
of the 31P spectra (see Figure 3b) reveals the presence of two
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Figure 4. Unsheared 3QMAS and CP-3QMAS spectra: {&l
3QMAS of CJ2(c), (b)*’Al 3QMAS of CJ2(p), (c)*H — 2’Al CP-
3QMAS of CJ2(c), and (d}H — 2’Al CP-3QMAS of CJ2(p).

additional shoulders. We denote the main peaks Ry(P10
ppm) and k2, (—20 ppm) and the additional resonances by P
(—12 ppm) and B, (—22 ppm), respectively. We note thab{P

+ Pap)/(P1a+ Pip) as well as R/Paand Ry/Pipare allina 1:1
ratio. The presence of four distinguishable phosphorus environ-
ments could not be detected by the XRD method, which did
not reveal the distinction between PP, and Ba Pop.

Finally, the dominating fluorine resonances, shown in Figure
3c at—115 and—121 ppm (not—116.9 and—122.2 ppm as
previously statet), represent fluorine in the bridged and terminal
positions, respectively. From the absolute intensity measure-
ments, we found that the fluorine versus OH ratio in the samples
used in this study is~1.66 @0.3), which appears to be

J. Am. Chem. Soc., Vol. 121, No. 51, 1992151

Two aluminum resonances are resolved in the single-quantum
(62) and triple-quantum ¢;) dimensions of the unsheared
3QMAS spectrum of CJ2(c), each appearing to have a narrower
feature superimposed on a broader base (Figure 4a). The lack
of significant line narrowing upon application of MOMAS
spectroscopy implies that a substantial distribution of isotropic
parameters (chemical shifts and quadrupole-induced shifts) must
exist in this sample. A striking change in the line widths is
readily observed in thé, andd; dimensions of théH — 27A|
CP-3QMAS spectrum of the same sample (Figure 4c). Clearly,
the broad lines that dominated the 3QMAS line shape of CJ2(c)
are not present in theH — 27Al CP-3QMAS spectrum, and
the narrow features have been singled out. The results become
more apparent when the CP-3QMAS spectrum of Figure 4c is
compared with a 3QMAS spectrum of the pure phase CJ2(p)
sample shown in Figure 4b. The two spectra are almost identical,
which shows that CP-3QMAS has successfully isolated the
CJ2(p) phase in the mixed phase CJ2(c) sample. Surely, the
cross polarization transfer resulted from the dipolar interaction
between structural aluminum in CJ2 and the hydrogen atoms
in the abundant ammonium template. As expected lthe>
27Al CP-3QMAS spectrum of the CJ2(p) sample, which is
shown in Figure 4d, has exactly the same line shape as those
of Figure 4b and c. Thus, the CP-3QMAS method has operated
as a phase separation technique for the CJ2(c) sample. We also
performed similart®F — 27Al CP-3QMAS experiments. The
19F — 27A] CP-3QMAS spectrum of sample CJ2(c) (not shown)
resembles that obtained with MQMAS (see Figure 4a), except
for the intensity ratio between Bland AV, which was strongly
overestimated by the CP process. The broad feature present in
this spectrum is consistent with the presence of a highly
fluorinated and poorly hydroxylated “Al~like amorphous
phase in CJ2(c). This phase results from its incomplete
conversion into CJ2.

We note that the application of CP-MQMAS demonstrated
above may be of general interest for templated, microporous
materials in which MAS does not provide sufficient resolution.

3. HETCOR NMR Analyses of CJ2(p).We first note that
the intensities observed in all HETCOR spectra presented in
this work are “filtered” by the cross polarization processes. The

somewhat lower than the value of 2.0 measured in the samplespin dynamics involved in these processes is complex and may

studied earlie?.Furthermore, we determined the ratio of bridged
to terminal fluorines to be-0.2:1. We note that the terminal
peak includes a shoulder on the upfield side located-al24
ppm. In general, four possible configurations can be considered
in the SBU structure of Figure la: QH, FF, F,OH;, and
OHLOH.. However, a simple analysis of th# intensities shows
that only OHbkand RF; are present in the CJ2 in appreciable
amounts with the relative intensities 0f0.75 and~0.25,
respectively. Again, the HETCOR spectroscopy results reported
herein will provide further insight into the fine structure of the
19 spectra.

2. Two-Dimensional NMR Analysis of Mixed Phases in
CJ2. A powder may differ from a single crystal by being a
mixture of phases. Often the phase of interest may be mixed
with some impurity, or with a phase that has an isotypic structure

strongly distort the intensities relative to their corresponding
MAS spectra, especially in experiments involving quadrupolar
nuclei2324 When necessary, we will revert to the 1D MAS
spectra for quantitative information.

3.1.1%—27Al HETCOR. Fluorine-to-aluminum connectivi-
ties were analyzed usingfF—2’Al HETCOR NMR at two
different magnetic fields, 9.4 and 11.7 T. The 2D experiment
was repeated several times using various conditions for the spin-
locking rf fields, CP contact time, and resonance offsets.

The representativ€F—2’Al HETCOR spectrum consists of
four cross-peaks, as shown in Figure 5a. The dominant cross-
peak at—121 (°F) and—8 ppm €7Al) can be easily ascribed
to the OHF configuration, as it exhibits a single connectivity
between AY' and F. For the configuration,F, the R, fluorine
resonates at-—115 ppm and exhibits a correlation with both

but not the same composition. In addition, due to the presenceAlY and AM. In addition, this configuration should bring about

of the fractional occupancies at the bridging and terminal sites,
the composition of the CJ2 sample is not strictly a “pure” phase.
We employed MQMAS and CP-MQMAS to determine the
resolution limits of2’Al NMR in CJ2 aluminophosphates and
to examine the phase purity of the CJ2(c) and CJ2(p) alumino-
phosphates described earlier. A&l 3QMAS andH — 27Al

CP-3QMAS spectra of both samples are presented in Figure 4.

a correlation between;and AVM'. Indeed, a third cross-peak is
displayed in the HETCOR spectrum as a correlation between
the AM resonance at12 ppm and thé% resonance at 124
ppm. We note that MAS fluorine resonances centeredldt5

and —124 ppm have similar intensities, which is another
indication that only Xk configurations exist in CJ2. For the
F»OH; configuration, if it were present, only a pair of correla-
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Figure 5. (a) **F — 2’Al HETCOR spectrum of AIP@CJ2(p). The Figure 6. (a) *°F — 3P HETCOR spectrum of AIPECJ2(p). The

19F and?’Al resonances appear along the vertical and horizontal axes, % and3!P resonances appear along the vertical and horizontal axes,
respectively. Experimental conditions: MAS speed, 20 kHz; CP contact respectively. Experimental conditions: MAS speed, 20 kHz; CP contact
time, 250us; delay between scans, 4 s; 2b6alues with an increment time, 600us; delay between scans, 4 s; 192alues with an increment

of 20 us were used with 128 FIDs for eath (b) Assignments of sites of 20 us were used with 56 FIDs for eath (d) Assignments of sites
and correlations. The corresponding structural unit is given below each and correlations.

anel.
P From the XRD analysis it follows that each phosphorus atom

tions between the bridging fluorine at—115 ppm and both in CJ2 is connected to three separate SBW¢e recall that,
aluminum environments would be expected. This would lead within the accuracy of out’c NMR data, the CJ2 structure
to a larger intensity of the bridging doublet than is observed in contains only OlgF and FF; SBUs in a 3:1 ratio. Therefore,
the HETCOR spectrum. in a hypothetical ordered crystal composed of domains contain-
3.2.1F—81p HETCOR: Distribution of SBUs in CJ2(p). ing the same type of SBUs, each phosphorus sit@(f, see
The correlation spectra between fluorine and phosphorus atoms-igure 1a) can be found in one of two possible surroundings,
in CJ2 are shown in Figure 6a. In the phosphorus projection, connected to either three SBUs of type 1 (Bflor three SBUs
four 3P resonances, at ca:10 (Pg), —12 (Py), —20 (PLo), of type 2 (F). The corresponding HETCOR spectrum should
and—22 ppm (Ry), are clearly visible. The most intense cross- exhibit a maximum of six cross-peaks, two representing the
peaks in thé%F—31P HETCOR spectrum are those between the OH,F, domains and four representing thgFFstructures. If the
fluorine at—121 ppm and the phosphorus atoms-di0 and crystal is not organized in domains with a single type of SBU,
—20 ppm. However, these two cross-peaks are slightly asym-the number of distinct environments increases. A more complex
metric in the3!P dimension, suggesting an additional correlation HETCOR pattern is expected for this structure. Both hypotheti-
with the phosphorus atoms atl2 and—22 ppm. In addition, cal patterns are displayed in Figure 6b. Although resolution of
correlations appear between tH& resonance at-115 ppm the 19-—31P HETCOR experiment is limited, the locations and
and all four3!P sites. Finally, the fluorine at+124 ppm is intensities of observed cross-peaks strongly suggest that CJ2
coupled with the phosphorus atl0 and—20 ppm, whereas  structure does not consist of large domains of SBUs of a single
connectivity with the remaining two phosphorus sites cannot type. Thus, crystallization of CJ2 is likely to occur via
be established with certainty. nonselective addition of J/; or OHyF SBUs to the growing
The distinction between a structure built of domains contain- crystal network.
ing a single type of SBU or a mixture of different SBUs could To make the specific spectral assignments, we first note that,
not be made on the basis of MAS spectra alone. As will be regardless of the structure, the most intense pair of cross-peaks
shown below, such a distinction can be inferred from the between thé®F resonance at121 ppm and thé'P resonances
analysis of the 20:F—31P HETCOR spectrum of Figure 6a. at—10 and—20 ppm must correspond to phosphorus surrounded
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by three SBUs of type O}ffi. The weak correlation that the
fluorine line at—121 ppm exhibits with B at —12 ppm and
P1p at —22 ppm suggests that this terminal fluorine, belonging
to OHyF, is also close to angF; unit. Again, this shows that a
significant fraction of BF; units are adjacent to Q.

We further note that the cross-peaks-al{5-12), (—115-
22), (—124-12,) and (124-22) ppm are consistent with the
FoF: configuration (Figure 6b). Moreover, the,fand By
intensities in the HETCOR projection are more intense than
those of R, and Ry, respectively. This is in agreement with
the XRD results discussed in the Introduction: eaglsik® is
polarized by two Fand two partially occupieddsites, whereas
P1 has only one Fand one patrtially occupied,lReighbor within
the 4-A radius. Furthermore, linesgand By are enhanced by
cross polarization with respect to their MAS values. This is
expected if we consider that they correspond to sites in SBU of
type 2 with RF; configuration. The interpretation of tHéF—
31p HETCOR spectrum is schematically depicted in Figure 6b.

Conclusions

Using the NMR techniques MQMAS, CP-MQMAS, and
HETCOR on an oxyfluorinated aluminophosphate sample,
AlIPO,-CJ2, qualitative insight into its structure, purity, and
composition was achieved that X-ray diffraction failed to
provide. In our study, we found that even a well-defined
crystalline powder, giving rise to a “single phase” diffraction
pattern, may still contain some amorphous aluminum oxy-
fluorinated “AlR;" phase. This phase was effectively “filtered-
out” using'H — 27Al CP-MQMAS, while the well-crystallized
fraction of CJ2 was extracted. Similarly, the amorphous “AIF
phase was isolated using the technique!®f — 27Al CP-
3QMAS. We note that such applications may be of general

interest in the analysis of other templated microporous materials.

The 1F intensity measurements aftF — 2’Al HETCOR
experiments demonstrate that either fluorine or hydroxyl groups
can reside in the bridging position. The most abundant type of
SBU contains a bridging OH and a terminal fluorine (Bl
This is the only type of SBU that was seen in the single-crystal
study of GaP@CJ22° As no hexacoordinated aluminum exists
in a prenucleation building unftthe bridging bond is formed
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when the PNBU enters the crystal. If the lattice host selects
only those units that exactly match the place to be filled, then
large homogeneous ordered domains would be formed. If the
PNBU can adapt its conformation slightly to the available site,
or if some flexibility is permitted, then a single crystal made of
all possible conformations of the PNBUs can be expected. The
latter mechanism of lattice formation appears to be operable
during the synthesis of CJ2.

Within a PNBU, changing the aluminum coordination number
can modulate the bond lengths around aluminum and, therefore,
the interconnecting distances of a PNBU. This can be achieved
with or without formation of a bridging species. If there is no
bridge formation, the coordination may be increased by addition
of nonconnecting groups, e.g., a terminal fluorine or terminal
H.0.

If the coordination change occurs due to the formation of a
bridging bond as the PNBU enters the crystal, then unit
integration into the network and bridge formation constitute a
single chemical step. This may explain why there is no direct
relationship between the PNBU and the SBU. It has been a long-
standing assumption that the PNBU and the SBU were identical
objects. It appears that this assumption is not valid in our case.
During their integration into the network, PNBUs may undergo
an isomerization that allows them to adapt to the network and
transforms them into SBUSs.
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