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A new aluminum fluoride, Al,Fg-2NCsHg-CsH3(CO2H)3, was synthesized under mild hydrothermal conditions (200
°C, 3 days) in the presence of 1,3,5-benzenetricarboxylic acid (btc) in pyridine/HF (pyr/HF) solvent. Its structure is
characterized with single-crystal XRD analysis and high-resolution solid-state NMR. The inorganic framework consists
of the corner- and edge-shared connections of AlFg octahedra. They are linked via a common edge and form a
bioctahedral motif which is trans-connected through the corner-shared fluorine. It results in the formation of an
original infinite double file of AlFs octahedra running along the a axis. A high-power decoupled MAS Z’Al{ 1°F}
Hahn echo NMR spectrum allowed us to distinguish the two crystallographic hexacoordinated Al sites. Four unresolved
19F NMR signals are observed in the MAS spectra to account for the eight crystallographic fluorine atoms. Half of
the terminal fluorine sites interact via strong hydrogen bonds with the ammonium groups of the pyridine moieties.
The resulting mixed pyridine-fluoroaluminate chains are intercalated by the btc molecules which are hydrogen-
bonded to the remaining free terminal fluoride anions through the protonated carboxylic acid function. The 'H
nuclei of both organic molecules are observed in the protonated form.

Introduction polymorphs ¢, 5,8 y,°1,1% ¢, etc.), and some of them are
There is a significant interest in the preparation of metal OPt@inéd from the thermal decomposition of aluminum

fluorides driven by the possibility of the formation of various ~ fluoride orgllanic salts. For instance, the thermolysri]s of
inorganic networka2 For the past decade, organic molecules [(CIHE‘)l‘g\:c][A Fa ':;'20 under \;ac;]uum.at 45 prqducied the
such as quaternary ammonium or protonated N-containing"AIF2" form. The nature of the mixed organic aluminum

base cations were also used as counterions replacing théIuorlde has a significant role since tt'e specific NsrT
alkali or earth-alkali metals. This has resulted in the 1S Prepared from one type of AIF,]~ precursor (R =

formation of a wide variety of structures based on hydrogen traalkylammonium or protonated amine). Thus, the reactiv-
bond interactions between the organic moieties and metality Of various organic molecules was intensively investigated

fluoride species. In this context, special attention has been!" the aluminum-fluorine system. The result was the

paid to the synthesis of aluminum fluorides because the identification of a large number of organically templated
aluminum fluoride, AlR, material exhibits catalytic properties fluoroaluminate phases with different dimensionalities. Most
for industrial applications (ozone-friendly alternatives for

of them consist of isolated octahedral [A]Felusters sur-
chlorofluorocarborfs®). The AIF; solid occurs in different ~ founded by the organic specis:® In other compounds,
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Chainlike Aluminum Fluoride ([Al,Fg]?),

larger isolated species ([£k12],%° [Al 4F20],2* and [AlzF30]?)

or the oxo-fluorinated-Keggin cation Alz**2*was reported,
and the chainlike structures of corner-shared [plinits
were also encounterédi?>2” In a few rare cases, edge-shared
bioctahedral [AdFs] motifs have been isolated in molec-
ular 283 chainlike! (in this phase, an isolated tetrahedral
[AIF 4] was also observed), or layef8dtructures.

In this contribution, we report on a new form of chainlike
aluminum fluoride AFs-2NCsHgCsH3(COH)3 hydrother-
mally synthesized in the presence of 1,3,5-benzenetricar-
boxylic acid (btc) and a solution of pyridine/HF (pyr/HF)
as solvent. This work was a part of our systematic study of
the reactivity of aluminum with carboxylic acids containing
benzene ring&** This phase exhibits a very original
connection mode for the AlFoctahedra consisting of the
linkage of an edge-shared bioctahedral unit via the fluorine
corner to generate an infinite double chain running along
the a axis. In this solid, three configurations for the-AF
bonds occur; they are terminal, bridging, and edge sharing.
This unique feature was characterized by means of single-
crystal XRD analysis and multinuclear solid-state NMR
(?Al, *°F, and'H).

Experimental Section

Synthesis.The aluminum fluoride AlFg-2NCsHg:CsH3(CO,H)3
was hydrothermally synthesized in the presence of btc under
autogenous pressure with a solution of pyr/HF as the solvent. The
starting reactants were aluminum nitrate (Al(j$9H,0, Carlo
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Table 1. Crystal Data and Structure Refinement for
Al2Fg2NCsHeCeH3(COH)3

empirical formula AbFgN206C19H18
formula weight 576.31
temperature 298(2) K
wavelength 0.71073 A
crystal system, space group triclinRl

a=7.2192(2) Ao = 81.230(2)
b=8.8443(3) Ap =84.417(2}
c=17.2514(6) Ay = 89.450(2)

unit cell dimensions

volume 1083.42(6) A
Z, calculated density 2,1.767 Mg
absorption coefficient 0.246 mrh

final R indices [ > 20(1)] R12=0.0362, wR2 = 0.0977
R indices (all data) Rel= 0.0516, wR2=0.1128

2R1= 3 ||Fo| — IFdll/Z|Fol. "WR2= {3 [W(|Fol® — [F)F/ S [W(|FolA} 42
andw = 1/[04(F,? + (0.070P)? whereP = [(F¢?) + 2FA)/3.

Erba Regenti, 98%), pyr/HF €sN/HF, Aldrich, 30:70%), and
btc (GH3(COH)3, Aldrich, 95%). Typically, the reaction mixture
containing Al (1.314 g), btc (0.3677 g), and pyr/HF (5 mL) in a
2:1:29 molar ratio was placed in a 23 mL Teflon-lined steel Parr
autoclave at 200C for 3 days. The synthesis pH was 1. A white
powdered product was filtered, washed with deionized water, and
dried in air at room temperature. Optical microscope analysis
indicated that the sample is composed of flat needlelike crystals
200-500 um in size. The preliminary X-ray powder diffraction
pattern showed it to be a novel phase.

Elemental analysis (CNRS Analysis Center, Vernaison, France).
Al: obs, 8.64%; calc, 9.4%. F: obs, 26.37%; calc, 26.4%.

Single-Crystal X-ray Structure Analysis. A colorless needle-
shaped crystal (0.3& 0.04 x 0.01 mm) was selected with a
polarizing optical microscope and glued onto a glass fiber for a
single-crystal X-ray diffraction experiment. X-ray intensity data
were collected on a Bruker X8-APEX2 CCD area-detector diffrac-
tometer using Mo I& radiation ¢ = 0.71073 A). Four sets of
narrow data frames (60 s per frame) were collected at different
values of@ with initial values for both¢ and w of 2 and 0.3
increments of¢ or w. Data reduction was accomplished using
SAINT V7.03. The substantial redundancy of the data allowed a
semiempirical absorption correction (SADABS \&2 10°) to be
applied on the basis of multiple measurements of equivalent
reflections. The structure was solved by direct methods, developed
by successive difference Fourier syntheses, and refined by full-
matrix least-squares on af? data using SHELXTL V6.12%
Hydrogen atoms were included in calculated positions and allowed
to ride on their parent atoms. The structure was solved in space
groupP1 using the direct methods. The two unique aluminum and
eight fluorine atoms were first revealed, and the remaining atoms
(O, C, and N) were placed by successive Fourier map analyses.
The hydrogen atoms were placed using geometrical constraints. This
also includes the additional hydrogen atoms bonded to the nitrogen
atoms of the pyridine molecule which was protonated once to
balance the negative charge of the fluoroaluminate species. The
final refinement including anisotropic thermal parameters of all non-
hydrogen atoms converged to R10.0362 and wR2= 0.0977.
All the calculations were performed by using the SHELX-TL
program on the basis &. The crystal data are given in Table 1.

IR Spectroscopy.The IR spectrum was recorded on a Nicolet
550 FTIR spectrometer at room temperature in the-<ZmD0 cnt?
range using a potassium bromide pellet. The IR spectrum S&Al
2NGCsHe CeH3(COH)3 shows the vibrational bands in the usual

(35) APEX2 version 1.6-8; Bruker AXS: Madison, WI, 2003.
(36) SHELXTL,version 6.12; Bruker AXS: Madison, WI, 2001.
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range (14061750 cntl) for the carboxylic function. Strong F2
absorption bands located at 1735 and 1685'care assigned to ‘
C—OH, indicating that the btc species is present with its protonated F7 F6

form (—CO.H). ‘ :
Thermogravimetric Analysis. The thermogravimetric analysis ‘ ‘

(under N, 3 °C min~%, TA Instrument 2050) shows that the title

compound starts to decompose at 200and a continuous weight ‘ ‘ ‘

loss is observed up to 75C. It is assigned to the departure of F8 F6

pyridine and trimesic acid molecules. At 800, the XRD pattern ‘ :

of the residue corresponds to that of the aluminum fluosiefslF3.” F5 ‘ F2
Solid-State NMR. All spectra were collected with a Bruker

Avance 500 spectrometer using a 2.5 mm triple resonaldé ( F1 F4

19—X) MAS probe. Powder samples were packed into 2.5 mm ‘A” *

ZrO, rotors. Measurements were carried out at room temperature. ‘ i ‘ - Al" ’

27Al (130.3 MHz) and'®F (470.5 MHz) spectra were referenced to F1 F3

external alum ((NHAI(SO,),:12H,0) at —0.6 ppm relative to 1

M aqueous AI(NQ); and to NaF at-221 ppm relative to CFG| -

respectively.’H (500.1 MHz) data were referenced to standard ‘ ‘FS

tetramethylsilane (TMS) using adamantane signals at 1.7 ppm. The

1H spectrum was collected with single-pulse acquisition at a Figure 1. Aluminum—fluorine bond scheme and label atoms of thefFAd
L . . unit.

spinning rate of 30 kHz using Bs pulses, which correspond to

m/4 excitation angle, and 2.6 W power. To suppress the strong

background signal from the probe hed®; data were collected *b}a =

using the Hahn echo sequence with 5.75 and L%.%or thes/2 ¢ L

andsx pulses, respectively, at 8 W. The echo delay was equal to 1 . . "
rotor period of about 2&s. Special care was taken with respect to o . L L ]
relaxation. Thus, repetition delays of 4 and 15 s idrand °F L . ‘: «
NMR, respectively, were found to be long enough for quantitative - T ke Lo A
measurements. F8fAl (1 = 5/2), the radio frequency field strength oy ey ! =
of 2.6 kHz was determined from nutation experiments on both cubic Y b
solid alum (liquidlike behavior) and berlinite AIR@solid nutation). . . .
Selective single-pulse as well as Hahn eél#d spectra, with and N .

without 1°F high-power decoupling, were collected at a spinning

rate of 30 kHz. The S.Ingle.-puls’é'AI MAS NMR SpE(.:t.rumlwas Figure 2. Hydrogen bond interaction of the terminal fluorine of the

recorded after excitation with/12 pulses anc_;l a repetition time of  (JAIFg]2 ) chain, the hydrogen atoms of terminal carboxylic acid, and

ca. 120 ms. A spirrecho pulse sequence optimized for quadrupolar the nitrogen atoms of pyridinium cations.

nuclei was used—3° with pulses of 31.5 and 68s (nominally a

CT selective “solid’ 96—7—180" sequence for whichr is syn-  1.887(1) A for Al1-F1 and 1.853(1) and 1.866(1) A for

chronized to rotor period). High-power efficient decoupliigl- Al2—F6. The two distinct pairs of AFoctahedra are linked

{*°F} experiments in both the single-pulse and Hahn echo sequencegq each other via corner-sharing with the two fluorine atoms,

were carried out using the XiX scheffigvith a decoupling strength F2 and F5, located in trans (AHF2 = 1.828(1) A and Al

of ca. 118 kHz. Simulations of spectra were done with the dthFit F5=1 83'4(1) A A-F2 =1 825(15 A and AI2-F5 =

software package. ’ L Y . .
ware p g 1.836(1) A). This generates an infinite straight double chain

Results and Discussion of [Al ,Fg]?~ bioctahedral units running along thexis. Two

fluorine atoms are terminal for each aluminum atom, and

Structural Description. The structure of AfFg:2NCsHe- shorter AFF distances are expected (AME3 = 1.733(2)
CeH3(CO,H)s consists of a one-dimensional double chainof & 4 Aj1—Fa = 1 744(1) A, AI2-F7 = 1.742(2) A and

AlF¢ octahedra intercalated by the pyridine and btc species.AlZ_F8: 1.748(1) A). The ([ASFg]2)a files are surrounded

There are two crystallographically inequivalent aluminum by protonated pyridine species which occupy two crystal-

a_toms, All anq Al2. Each alumin_um atom i_s coordinategl to lographically inequivalent positions. Both amine molecules
six fluorine anions (Figure 1) which have different bonding interact strongly via hydrogen bonding with one of the

configurations (terminal, corner-bridging, and edge-bridging). terminal fluorine atoms belonging to each distinct aluminum
Two crystallographically equivalent aluminum atoms have atom through the ammonium groups (NEA1A-+F3 =

a common edge with AtF distances of 1.837(1) and 2.062(3) A and N1B-H1B-+-F7 = 1.855(2) A) (Figure 2).

(37) Man, P. PPhys. Re. B 1997, 55, 8406. The resulting mixed pyridinefluoroaluminate chains,
(38) Chan, J. C. CConcepts Magn. Resoh999 11, 363. ([Al 2Fg]?>*[NCsHg])n, are intercalated by the btc species to

Jakobsen, H. Bolid State Nucl. Magn. Resa2002 21, 105. N 9 28
(40) Detken, A.; Hardy, E. H.; Emst, M. Meier, B. ithem. Phys. Lett. ~ Moieties in theébc plane. Indeed, very strong hydrogen bond

@) fv(lJOZ 3?6D298F. . VL Kino L LeCalve. S Al interactions are observed between the hydrogen atoms of the
assiot, D.; Fayon, r.; Capron, ., KIng, I.; LeCalve, S5.] onso, H H H H
B.: Durand, J. O.- Bujoli. B.: Gan, Z.: Hoatson, KBagn. Reson. Che. prqtonated carboxylic function gnd the t_ermmal fluoride
2002 40, 70. anions, F4 and F8, of each aluminum cation {®8---F4
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Chainlike Aluminum Fluoride ([Al,Fg]? ),

Figure 3. View of the structure of AlFg:2NCsHg-CgH3(COH)3 along
the b axis showing the stacking of pyridine through- interactions and
trimesic acid molecules along tleeaxis.

= 1.694(2) A and O+H1::-F8 = 1.785(2) A) (Figure 2).
Along the a axis (Figure 3), the benzene rings of the
pyridinium cations are stacked so that strongo interac-
tions occur (G-C &~ 3.5-3.7 A). Similar molecular stacking

is observed for the btc along the axis, but suchr—x
interactions do not exist because of the longeiGistances
(C:+-C ~ 4.5 A). However, there are intermolecular@-

-0 hydrogen bonds (O5H5---02 = 2.027(2) A) between
the carboxylic acid functions (which are not engaged with
F---HO,C hydrogen bonds) of two adjacent btc molecules
along theb axis. This type of molecular stacking is common
in organic compounds containing aromatic rings; their crystal
structures are usually dominated by the s interactions

between molecules which generate layered atomic arrange
ments. We think that the strong stacking character of the

pyridine and btc species would favor the formation of a linear
chain of inorganic aluminum fluoride and not isolated [§IF
clusters. Therefore, the stacking of the benzene-base
molecules preferentially in one direction would induce the
infinite polymeric condensation of the (AJF~ species for

making inorganic chains. This would also be supported by
the synthesis conditions of this specific phase which was
obtained in a predominantly nonaqueous solvent. Here,
pyridine was used as the main solvent, and its anisotropic
character (plane geometry) may also reflect a preferential

pre-organization of one-dimensional polymeric units in
solution. In addition to their stacking features, the two organic

molecules play distinct roles: the btc molecules act as linkers

between the infinite ([AlFg]? ), files along thec axis (via

F---HO,C hydrogen bonding) and are connected to each other

along theb axis (via COHQ--HO,C hydrogen bonding); this

ensures the three-dimensional cohesion of the crystal struc

ture. Pyridine, observed in its protonated form, mainly

Y WO <<
LOe sy GE s v
o9 W ¢¢

a b 5 d

Figure 4. View of the organically templated aluminum fluorides showing
the edge-shared connection mode of the Atictahedra. (a) Isolated
bioctahedral species [##10]*"; (b) 1D chain of [AbFg]2~; (c) 2D structure
of [AlsF1q] ~, built up from the connection of infinite type files [#fs]2~;
and (d) this work.

interacts with the ([AdFg]?>")n chain through the NH---F
hydrogen bond. It would rather act as a compensator for
balancing the negative charge of the inorganic file.

The occurrence of an edge-shared octahedral unit is quite
rare in the crystal chemistry of metal fluorides, especially
in the aluminum-based materials. Usually, only corner-shared
octahedra Al connection modes are observed in the
different fluoroaluminates for which various dimensionalities
(chain, layer, or 3D network) have been identified. However,
a few cases of octahedral motifs with common edges were
recently reported. Three phases were obtained exclusively
in the presence of cyclic amine (pyridine, piperazine, or 2,4,6-
trimethylpyridine) as a countercation (Figure 4). Molecular
compounds based on isolated bioctahedral clusteF[4#~
have been isolated with pyriditfe(room temperature) and
piperaziné® (185 °C). A similar motif was also reported in
the fluoroaluminate salt obtained with tetramethylammonium
ions?81n the latter, a terminal water belongs to the coordina-
tion sphere of aluminum in the molecular pRk(H.0);]%~
species. The basic bioctahedral building unit is encountered
in the chainlike structure of [AFg]?>~ synthesized in the
presence of 2,4,6-trimethylpyridifleat 120°C. The infinite
chain of [ALFg]?>~ consists of the alternation of bioctahedral

motifs [Al,Fg]?>~ linked by corner-sharing to each other
through an additional octahedral unit AlF'he last example
was reported by workers from Dupotitthey described the

dsynthesis and structure of a layered aluminum fluoride

[Al 3F10)~ obtained with pyridine at 275C. The two-
dimensional network is built up from the corner-shared
connection of the [AlFg]?>~ chain previously identified by
Herron et aP! Thus, the original connectivity mode observed
in our mixed pyridine-carboxylic acid compound constitutes
a new possibility for atomic arrangement in aluminum
fluorides.

NMR Investigations. In general, hexafluoroaluminate
compounds containing isolated regular &iFoctahedra have
27Al peaks in the range betweerl6 and 1 ppnt? Because
of the narrow range of chemical shifias well as the large
quadrupole coupling constants, poorly resolved NMR spectra

42) von Barner, J. H.; Bessada, C.; Berg, R. Marg. Chem2003 42,
1901.
(43) Yu, P.; Phillips, B. L.; Casey, W. Hnorg. Chem.2001, 40, 4750.
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Single Pulse Hahn Echo A) and is, therefore, consistent with the assignment of All
to the signal with a larger quadrupolar coupling constant. A

b) d high-power decoupling’Al{°F} experiment leads to a better
resolved spectrum (Figure 5b) by removal of the residual
heteronucleat®F—?2’Al dipolar interaction not completely
averaged by MAS. The increased resolution produces better
spectra simulations and confirms the obtained NMR param-
eters. The result from th@Al echo MAS NMR spectrum is

shown in Figure 5c. In contrast to single-pulse experiments,

only the signal for the AI2 site is observed under our

. experimental conditions. The All signal has a larger quad-
Al rupole coupling constant and is undetected, presumably,
because of the shorter echo decay in comparison to that of

the Al2 signal. Magnetization loss caused by spin diffusion
0 o 0 10 (200 40 %0 via the strongly coupled S nucle®F or *H) may decrease

Figure 5. Smgle-pulse (a}"Al and (b)27AI{1%F} high-power decoupling  th€ phase coherence of the ob;erved spin systé) (
and Hahn echo (cJAl and (d) 27AI{1%F} high-power decoupling NMR leading to a collapse of the echo intensfty® The observa-

spectra of AdFg-2NCsHg-CgH3(CO,H)3. Experimental spectra are presented tion of both Al1 and AI2 signals in a Spi“FEChO MAS
at the top, while the simulated spectra and its decomposition are shown . d fici hiah d AR £ 19
below. The fits include the central transition pattern line of All and Al2 experiment under efficient high-power decoup Fﬁg { F}

and the satellite transition of Al2. The latter is present only in the single- conditions (Figure 5d) strengthens this assumption. However,

27Al{19F}

pulse experiments. since both Al sites are chemically very similar, where global
Table 2. Data of Al Sites Present in AFg2NCsHgCoHa(COH)s Al—F @stances in one site are very close_to those in the
Obtained by a Simulation of tAI NMR Spectra in Single-Pulse and other site, the heteronuclear dipolar interactions alone could
yji‘hgrfg)‘o Experiments with and witholf High-Power Decoupling not account for the differentiation between the two sites in
9 the two experiments. Therefore, a combination of strong
NMR experiment ~ signal  intensity QCC  ° Jise qguadrupolar and heteronuclear dipolar interactions probably
Single-Pulse drives the decay of the signal.
27p Al 58% 55 048 —43 Th y h | . band
Al2 22% 34 100 —134 e spectrum of just the central transition centerbands
27A1{19F} All 59% 5.4 051 —46 obtained in the selective MAS Hahn echo experiment with
Al2 41% 35 100 -13.0 19F high-power decoupling (Figure 5d) can be simulated
- Hahn Echo extremely well by using)iso, QCC, andy values to simulate
A2 100% 35 100 —154 the corrgspondln_g_ smgle-_pulse spectrum under the %&?ne
2IA1{19F} All 59% 5.4 048 —46 decoupling conditions (Figure 5b). The values obtained by
Al2 41% 35 1.00 -138 simulation of the selective Hahn ecRAI{*°F} spectrum
a Accuracy: +1%. ® Quadrupole coupling constant (QCE) (€qQ)/h are diso = —4.6, QCC= 5.4 MHz, andn = 0.48 for one

with the zcomponentV,; = eq, of th_e electric field gradient, the electric site anddis, = —13.8, QCC= 3.5 MHz, andn = 1.00 for
1‘5‘;’rm’fJg‘;';n‘iﬂfgr;f;;f;;‘é‘;"eeg i”?vxpx'ir":}fyf/{’/?:taasmé?jﬁg{gﬁy& the other site. The only significant difference between the
thex, y, andz components of the electric field gradient. Accuraey.02. simulated values for the single-pulse and Hahn e€Ab
dlsotropic chemical shift. Accuracy+0.4 ppm. {1%F} spectra is the simulated value &f, for the second

site 0 = 13.0 vso = 13.8). Because the Hahn echo sequence
allows the satellite transitions, one of which overlaps with
the central transition in the one-pulse spectra, to be com-
pletely removed, the simulated Hahn echo spectrum provides
the most meaningful values f@vis,, QCC, andy. Table 2
presents our best estimates fiw, QCC, andy obtained
from 27Al spectra acquired in the different experimental
conditions using one-pulse and Hahn echo sequences with
and without'°*F high-power decoupling.

The F MAS NMR spectrum of AJFg2NCsHeCeHs-
(COH)3 shows signals with isotropic chemical shiftso,
values from—145 to —162 which are in good agreement
with typical *®F NMR spectra of various crystalline AJF
phases composed of Alectahedrd’” Four components at
—145.0 (26%),—155.3 (38%),—160 (23%), and—161.9

are usually expected in solid aluminum fluoride. THaAl
MAS NMR spectrum of AJFg-2NCsHg-CeH3(COH);3 re-
corded in single-pulse mode (Figure 5a) agrees with the
presence of aluminum exclusively in a coordination number
of six* It consists of two broad quadrupolar patterns with
different quadrupole coupling constants of 3.5 and 5.4 MHz
(see Table 2). The two signals, which have an intensity ratio
of almost 1 to 1, are consistent with crystallographic sites
All and Al2 in agreement with XRD analysis. The signal
with a larger quadrupole coupling constant, which indicates
higher distortion of the Al local environment, is assigned to
the All site which has a lower regular AF distance
distribution than the AI2 site (Table 2). Moreover, the
hydrogen bond interaction network of the organic molecules
with fluorine is less symmetric around All (HF = 2.062
and 1.694 A) than it is around Al2 (HF = 1.855 and 1.785

(45) Haase, J.; Oldfield, El. Magn. Reson. A993 101, 30.

(46) Gee, B. AMagn. Reson. Chen2004 42, 30.

(44) Robert, E.; Lacassagne, V.; Bessada, C.; Massiot, D.; Gilbert, B.; (47) Krahl, T.; Stosser, R.; Kemnitz, E.; Scholz, G.; Feist, M.; Silly, G.;
Coutures, J. Pinorg. Chem.1999 38, 214. Buzare, J. Ylnorg. Chem.2003 42, 6474.
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Chainlike Aluminum Fluoride ([Al,Fg]?),

ppm (13%) are observed and correspond to four distinct F Conclusions
environments in the compound. However, according to XRD ] ] ] ] )
data, eight crystallographic fluorine sites (FE8) exist Hydrothermal reaction of alumlnum nitrate with btc in pyr/
within the structure with equal population. The experimental HF produces a new aluminum fluoride compound:,F
NMR result could be seen as a set of signals with a 2:3:2:1 2NCsHeCeHay(CO,H)s. The structure, solved by means of
ratio accounting for the eight crystallographic F atoms. The Single-crystal X-ray diffraction, consists of inorganic fluo-
strong homonuclear dipoldfF—1%F interactions as well as ~ roaluminate chains intercalated by a network of organic
the quadrupolar interaction 8fAl indirectly coupled to'%F molecules composed of carboxylic acid and protonated
may hinder a complete spectral resolution of those sites. Inpyridine. The inorganic framework contains octahedralAlF
view of the lack of resolution, we did not attempt to make Species connected through either the corner or the edge in a
assignments. manner which forms the 1D chains of the bioctahedral unit
The *H MAS NMR spectrum of AJFg2NCsHg CeHa- [Al ,Fg]>~. The organic molecules interact strongly with the
(COZH);3 exhibits at least three signals. The main signal at fluoride framework via hydrogen bonding through the
8.3 ppm is from the protons in the aromatic ring of the carboxylic acid functions and ammonium groups of pyri-
protonated pyridine (Pyr-H. The shoulder at 6.7 ppm is  dinium ions. Multinuclear solid-state NMR characterization
assigned to the aromatic protons of btc. The broad peak atagrees quite well with the structural description. The two
13.4 ppm is assigned to the carboxylic acid group signal crystallographic Al sites are resolved 3fAl spectra using
(COOH) overlapping with the pyridinium ion signal (Pyr- a combination of selective Hahn echo MAS sequence and
H™). The assignment is done on the basis of quantification. 1°F high-power decoupling techniqgue¥F MAS NMR
Indeed, the experimental NMR intensities of those respectiveshowed four unresolved signals because of the strong
signals are 54%, 23%, and 23% for 8.3, 6.7, and 13.4 ppm, homonuclear dipolar interaction. Quantitattt¢ MAS NMR
respectively, while the expected corresponding values fromis consistent with the presence of organic molecules in
the calculations, according to the chemical composition, are protonated form.
55% for aromatic H in Pyr-H, 17% for aromatic H in btc,
and 28% for acidic protons in btc and Pyr-Hrhese results Supporting Information Available:  Crystallographic data for
confirm that the organic molecules are in their acidic forms. Al2Fg2NGsHe:CeHs(CO,H)s (CIF file) and figures showing the
Indeed, a solution NMR of trimesic acid in DMS@-shows ~ Structure along the axis, *F MAS NMR spectra, andH MAS
two signals at 8.7 and 13.0 ppm, and that of pyridine in NMR spectra. This material is available free of charge via the
DMSO-d;s exhibits three signals for aromatic protons at 7.4, Internet at hitp://pubs.acs.org.
7.8, and 8.6 ppm. 1C048461Z
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