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Homogeneous and transparent sodium aluminum fluoride phosphate gels and glasses were prepared
by a novel single-step selel route using aqueous solutions of di-sodium fluorophosphatgPME)
and aluminum lactate (Al(lac)) as precursors. The structural evolution from the solution to the gel and
the final glass is monitored by multinuclear high-resolution liquid and solid-state NMR techniques,
providing detailed insight into the reaction mechanism. TeNMR results indicate that the covalent
F—P bond is stable in these solutions and remains unaffected by the formation-GA® linkages
during the polycondensation process from the sol to the gel state. The subsequent ann&alint0at
°C of the xerogel promotes intramolecular fluorine transfer from phosphorus to aluminum, concomitant
with the removal of lactate ligands upon heating, resulting in sodium aluminum fluoride phosphate glasses
as the final product. In these glasses, all of the fluorine is coordinated to octahedral aluminum (Al(F,OP)
units), thereby resulting in a significant increase in the Al(VI) concentration compared with the
corresponding fluoride-free glasses.

Introduction phosphate glasses are particularly promising as they combine
Fluoride phosphate glasses have been a subject of increast-hese optlcal_ properties Wlthleexcellent chemical durability
nd mechanical propertiés:'® However, frequently en-

ing interest in the past decade. These glasses form over tered bl iated with standard it i
wide compositional range and exhibit interesting optical countered problems assoclated with standard meit-cooling
synthesis procedures are fluoride evaporation loss and

properties, such as low linear and nonlinear refractive L g X N o
indicest2low phonon energ§,a wide spectral transparency crystallization; in addition, shaping possibilities are limited.
. To overcome these restrictions, alternative preparation routes

(from UV to near-IR): high doping ability with transition . . _ :
metal ions and rare earth iohs,and tailorable spectroscopic Eﬁ(\e/;itz:z(la\n/:pe(;/retlj(;?)iiit:gﬁilg%gt?o%h)tg;ﬂ ézggrssg%‘;ﬁgon‘
i ing the phosph T ial . ’ - e

properties by varying the phosphate confefihese specia thermal evaporatioff. However, inherent difficulties of

ical hysical i ke th ising h . .
optical and physical properties make them promising host vapor-phase methods arise from the vapor-pressure differ-

materials for applications in photonics, such as optical fiber, bet th . loved King it
optical amplifiers and laset8frequency upconvertet$and ences between he precursor species employed, maxing 1
hard to control the composition of multicomponent materials.

optical limiters? Among these glasses, aluminum fluoride . . . -
P g d A potential alternative might be the segel approach, which
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Table 1. Sample Composition and Precursor Ratios Employed in the Gel Synthesis, Annealing Temperaturé,( Used for Gel— Glass
Conversion, and Glass Transition Tg) and Crystallization Temperatures (Tx) of the Annealed Glassy Materials

Al(lact)s NaPOsF HPOsF H3POy NaAc Ta Ty Tx
Na/Al/P/F (mol) (mol) (mol) (mol) (mol) (£2°C) (+£10°C) (+£10°C)
2:2:1:1 0.004 0.002 350 330 360
2:2:2:1 0.004 0.002 0.002 400 430 470
2:1:2:1 0.004 0.004 0.004 400 420 580
2:2:4:1 0.004 0.002 0.006 400 490 620
2:2:2:2 0.004 0.002 0.002 400 400 440
2:1:2:0 0.004 0.008 0.008 400 450 580
2:2:2:0 0.004 0.004 0.004 400 460 600

species offers the prospect of making very pure and (1 M) solution was prepared by dissolving soligR®; (98%, Fluka)

homogeneous materials over a wide range of compositions.in distilled water. The pH of the mixing solutions was adjusted
In addition, unique applications derive from an included With nitric acid (1 M, puriss. p.a., Fluka) or ammonia solution (1
flexibility of shaping (e.g., films, coatings, powders, fibers, M, diluted frpm concentrgted ammonia solution, Aldrich) and
monoliths, and gels) and the low processing temperaturescontrolied within 0.01 units by a pH meter (WTW pH 320,
used. Despite considerable effort to extend the-gel Germany). In a typical preparation, 0.004 mol (1.176 g) of

. . 2020 1pn aluminum lactate was dissolved in 10 mL of distilled water,
approach to fluoride-containing materidts?® this task has followed by the addition of the appropriate amount of,Ri@sF.

remained a big challenge to the present date. In general, asampjes with different Na/P/F ratios were prepared frorsPQsF
two-step procedure is employed, involving a preparation of a5 well, adding the required amounts off:F (2 M), HsPO; (1
oxide gels, followed by a Subsequent fluorination treatment M), or sodium acetate (NaAc, 99%, Fluka) to reach the composi-
at elevated temperature (near 2@EDO °C) in reactive tional balance desired. Table 1 lists the compositions of the samples
gaseous atmosphere (HF, WH or NR).2>"2> The direct in the present study and the respective precursors used in each
incorporation of fluoride from appropriate solution precursors preparation. After stirring the reaction mixture in a plastic beaker
has only been reported for some ceramic and crystallinefor about 20 min, the resulting clear solution was spread onto a
system£5-29 To take full advantage of the unique features flat plastic surface and then gelled in the open air at a_tempc_erature
of the sol-gel process in the preparation of fluoride- between ambient and 5TC for several days. Upon air-drying,
containing glasses, the development of single-step, Iow-cost,ter’mS'O"’“refnf\l Cglolr\lless Na,\\ll_t,_,:o-_': . Xeéogflil Weri forTﬁd'
and nonhazardous procedures is essential. In this contribution sage of NaF, NuF, or NFLHF, instead of NePO.” as the

. . . F-precursor always resulted in the formation of opaque gels or
we report the first direct selgel preparation route toward crystalline precipitates. Although BROF can in principle be

aluminum fluoride phosphate gels and glasses. The succesgpstituted by an appropriate mixture ofMsF/NaAc, this was

of this route is based on the unique chemical reactivity of not done because the NMR spectra aPBsF solutions indicate

the precursors di-sodium fluorophosphate and aluminum the presence of non-negligible amounts of hazardous HF species.
lactate employed. The structural evolution from sol to gel To reduce such hazards, the amount gPE;F needed in these

to glass is monitored by multinuclear single and double preparations was kept to the minimum necessary, and only used as
resonance NMR spectroscopy, elucidating the mechanisms? fluorine supplement for the preparation of glasses with F/Na ratios

of gel formation and its structural conversion to the glassy larger than 1/2. Gel annealing was done in glass containers using
state a Heraeus muffle furnace.

Sample Characterization.Differential thermal analysis (DTA)
and thermogravimetric analysis (TGA) were carried out on a
NETZSCH STA409 instrument under,Catmosphere using a

Materials and Methods. Na—Al—P—O—F gels were prepared heating rate of 10 K/min. A typical TGA trace is shown in Figure
from aqueous solutions within a pH range ef2 using aluminum  1a for a xerogel and a glass with composition of Na/Al/R/2:2:
lactate (98%, Fluka), di-sodium fluorophosphate fR&F) (98%, 4:1, revealing that volatile components (organic residuals and water)
Sigma-Aldrich), BPOsF (4 M, freshly prepared from 70%R0;F are almost completely driven off below 40Q. Transparent Na
solution, Sigma-Aldrich), and $#P0, (1 M) as precursors. 0, Al—P—0O—F glasses were obtained, by heating the xerogels slowly
(0.5 °C/min) up to 356-400 °C for several hours in ambient

Experimental Section
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Figure 1. (a) TGA traces of xerogel (formed at 3C) and glass (annealed at 400) with composition of Na/Al/P/F 2:2:4:1, obtained at a heating rate of
10 K/min in air. (b) Differential thermal analysis of some representative Ala-P—O—F glasses prepared by the sgkl route. The individual traces have
been offset for clarity. The glass transition temperatdigand crystallization temperatuii&g (onset points) observed are summarized in Table 1.

Table 2. Experimental Conditions Used in the Double Resonance

Bruker DSX-500 spectrometer, ugim 4 mm MAS NMRprobe. NMR Experiments

Liquid-state NMR studies were conducted on stationary samples 5 e S 0 e T
located inside 4 mm zirconia rotors, whereas solid-state NMR data L Vo vo To0® Tor Tal r
were obtained at MAS rotation frequencies between 10 and 12 kHz. combination (MHz) (MHz) (s) (us) (s) () NS

Typical acquisition parameters were pulse length/&q90) for 27AgéEFéR 1043 3766 25 25 2 12812
31p and 1.Qus (3C) for 27Al, recycle delay 60 s3P) and 1 sAl), 27AI{31P} 1303 2025 3.0 3.0 2 256
respectively. Thé’Al and 3P NMR chemical shifts are referenced REDOR

to 1 M aluminum nitrate aqueous solution and 85%P8,, 19F{31p} 376.6 1625 25 3.0 10 12856
respectively % single resonance NMR spectra were acquired at | _REDOR

188.3 MHz in a 4.65 T magnet, using a Bruker DSX400 console. FEQEAA%DOR 3766 1043 25 4.0 20 10 12856
Liquid state™F NMR studies were conducted on stationary samples 1923z 376.6 105.3 25 40 20 10 12956
located inside 4 mm zirconia rotors, whereas for solid st&fe REAPDOR

MAS NMR spectra a 2.5 mm probe c_>pe_rate_d ata MAS frequency a Sspin resonance frequendyl-spin resonance frequencyS-spin-90
of 25 kHz was used. The faster spinning is essential to remove pyjse lengthd I-spin-9G pulse length® Adiabatic passage mixing time in
homonucleat®F—1% dipolar broadening and to separate the central REAPDOR.! Relaxation delay? Number of scans.
MAS signals from spinning sidebands more effectively. To suppress
19 packground signals, a rotor-synchronized sinho (90 — ZTAI{3'P} REDOR experiments were conducteda 4 mmBruker
0.04 ms—18C° — 0.04 ms— acq) pulse sequence with an XY-4 31p—X double resonance probe in a 11.7 T magnet while all the
phase cycl¥ was used. The 9(ulse length in these measurements REDOR experiments involvingfF nuclei utilized a 4 mmBruker
was 2.5us. A total of 326-1024 scans were acquired with a triple resonance probe in a 9.4 T magnet. All of the double
relaxation delay of 10 s. Experiments using longer relaxation delays resonance measurements were carried out at the spinning frequency
(up to 100 s) were conducted to ensure that the spectra obtained®f 15 kHz.
under the above-reported conditions yielded representative results.
Chemical shifts are externally referenced to GFCl Results, Assignment, and Interpretation

To probe for the presence and strength of the heteronuclear

dipole—dipole couplings, the rotational echo double resonance . . gl dor 27
(REDOR?¥1-33 and rotational echo adiabatic passage double reso- evolution during the sot~ gel— glass conversiortF, /Al,

nance (REAPDORY3 techniques were used. The heterodipolar @1d*'P NMR spectra were recorded at the various processing
coupling between the nuclear spin spec&gwhose signal is  St€ps. Figure 2 summarizes the results for Na/Al/P/F 2:2:
detected) and spatially close nuclear spetissiormally averaged ~ 2:1 samples prepared from Al(lagtia,PO;F/H;PO, mix-

out by MAS; in I} REDOR (REAPDOR), this interaction is  tures. ThelF and3P spectra of N&O;F solution show
reintroduced, however, by applying-pulses (adiabatic mixing  simple doublets characterized B{*°F) = —75 ppm,dé(3*P)
pulses) on thd channel in the middle of the rotor period. As a = 0.8 ppm, andlJ(*°F—3!P) = 886 Hz (see Figure 2a and
result, theS-spin signal intensity is diminished relative to a reference ). Figure 2c reveals that the+P bond remains intact in
experiment without-spin irradiation (intensity) if heterodipolar solution upon addition of Al(lacfland HPQ,. Only the weak
couplings are present. The magnitu8e<{ S/, of the normalized signal near—160 ppm (Figure 2c) can be attributed to the
difference signal depends on both the strength of the difiifle ¢, oo of a small amount of Al-bound fluoride species.
coupling and the length NTnumber of rotor cycles times duration The Z7Al (Figure 2€) ancd®P (Figure 2d) spectra of these

of one rotor period) of the overall dipolar evolution time. Table 2 . b d d i f 1h |
summarizes the specific conditions used in the various REDOR MIXtUres can be understood in terms of the analogous

and REAPDOR measurements conducted in the present studyfluoride-free solutions®in particular, the c':om'plicateHAI
NMR spectra reflect a multitude of coordination complexes

with mixed ligation of lactate, water, and phosphate,

Structural Evolution. To gain insight into the structural

(31) Gullion, T.Magn. Reson. Re 1997, 17, 83.

(32) Gullion, T.; Schaefer, 3. Magn. Reson1989 81, 196. [Al(lact) 3 x(H20)2—y(POs)y* Y (0 = x = 3,0=< y < 2x), as
(33) Bertmer, M., Eckert, HSolid State Nucl. Magn. Resoh999 15, discussed previous%ﬁ. The 3P NMR spectra reveal the
139.

(34) Gullion, T.J. Magn. Reson. A995 117, 326.
(35) Chopin, L.; Vega, S.; Gullion, T. Am. Chem. S0d.998 120, 4406. (36) zZhang, L.; Eckert, HJ. Mater. Chem2004 14, 1605.
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Figure 2. 188.3 MHz%F (left), 202.5 MHZ2'P (middle), and 130.3 MHZ'Al (right) NMR spectra of the NaAl—P—O—F samples (Na/Al/P/E 2:2:2:1),
at various processing stages from the sol to gel to glass conversions. The-parseasolution state NMR spectra, while partz fwere obtained under
MAS conditions. Vertical lines denote the chemical shifts of various species identified. Spinning sidebands are indicated with asterisks.

presence of orthophosphate (both F-free and F-bound) speciegvolves the replacement of-H- bonds by P-(OAl)— and

bound to zero @), 0 ppm), one @), =7 ppm), two @Y,
—12 ppm), and threqu —17 ppm) aluminum atoms.
Upon air-drying the sols at temperatures ranging from
ambient to 50°C for several days, transparent colorless
xerogels are formed. ThEF MAS NMR spectra of these
materials (Figure 2f and i) are still dominated by the
F—P(0O)O? species at-75 ppm; in addition, weak peaks

P—(ONa) linkages in the final glass. The averag@
chemical shift of—12 ppm suggests th& units make a
dominant contribution.

Based on the conclusion froffF NMR that virtually no
F—AIl bonds exist in xerogels formed up to 80 (see Figure
2f and i), the fourP’Al resonances observed in these xerogels
(Figure 2h and k) can be assigned as usual to octahedral

at—140 and—170 ppm are observed. We attribute the latter aluminum species with mixed lactate and phosphate ligands,
resonances to Al-bound species, as discussed in more detaile., [Al(lact(POs).]~ (18 ppm), [Al(lacty] (6 ppm),
below. With increasing the gel-processing and annealing [Al(lact)(POs)4]?~ (=4 ppm), and [AI(PQ)s]®~ (—13 ppm),
temperature, the concentrations of these Al-bound speciesrespectively?® With increasing the processing temperature
increase, while the FP(O)Q?~ species disappear succes- (Figure 2h, k, and n), the lactate groups linked to aluminum
sively. The most dramatic changes occur within the tem- are gradually replaced by phosphorus and/or fluorine ligands,
perature range between 10C€ and 200°C. In samples  resulting in significant low-frequency signal displacements.
annealed above 25 (Figure 2r, u, and x), the-75 ppm Gel annealing at 208C produces a ne#/Al resonance near
signal is absent, indicating that the—P bonds have 45 ppm (Figure 2q), which is well-known in aluminophos-
completely disappeared. phate glasses and has been assigned to a polymerized
The 3P NMR spectra of the xerogels (Figure 2g) can be Al(OP), unit37-4° Indeed,?’Al{3P} as well as?>’Al{1%F}
easily understood based on the solution-state spectra (notdcREDOR conducted on these samples confirm that all of the
the close resemblance of Figure 2d and®g)/ith increasing
the processing temperature from ambient to I0QqFigure
29, j, and m), the center of gravity of the signal shifts (3g) Egan, J. M.; Wenslow, R. M.; Mueller, K. T. Non-Cryst. Solids
monotonically toward lower frequency, reflecting a further 200Q 261, 115. _
gradual increase of P/Al connectivity. The structural evolu- (%) Brow: R. K.; Kirkpatrick, R. J.; Turner, G. LJ. Am. Ceram. Soc.

_ _ 1993 76, 919.
tion of phosphorus upon further heating above 2@ (40) Zhang, L.; Eckert, HSolid State Nucl. Magn. Resa2004 26, 132.

(37) Lang, D. P.; Alam, T. M.; Bencoe, D. NChem. Mater.2001, 13,
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F-bearing Na/AVP/F =2:2:2:2

Na/Al/P/F =2:1:2:1 5 Na/AVP/F =2:2:2:1
F-bearing

Na/AVP/F= 2:1:2:0 Na/AV/P/F= 2:2:2:0
F-free

Figure 3. 130.3 MHz2?’Al MAS NMR spectra of Na-Al—P—O—F glass with Na/Al/P/F 2:1:%:(left) and 2:2:2x (right). Note that the concentration of
octahedral aluminum sites increases significantly with increasing fluorine content.

four next-nearest neighbors are phosphorus (see next sectiontomposition of Na/Al/P= 2:1:2, the local environment of
The concentration of these AI(IV) sites increases further each aluminum unit is entirely dominated by phosphorus
following the subsequent processing at higher temperaturesligation;**#%in the corresponding Na/Al/P/& 2:1:2:1 glass
Following annealing at 258C (Figure 2t), the lactate-linked  the magnetic dipoledipole coupling between thEAI(1V)
aluminum species are no longer detectable, whereas the welland3'P remains unchanged, while that betwé&i(VI1) and
resolved signals around 45, 15, ard.3 ppm, which are 3P is significantly diminished, reflecting a reduction in the
typical of AI(IV), Al(V), and AI(VI) environments in number of A-O—P linkages. This comparison reveals that
aluminophosphate glasses, are now observed. the Al(OP) environment present in the F-free glass has been
Effect of Fluoride on the Structure of Aluminophos- changed into a mixed AlI(OP, &gnvironment in the fluoride-
phate Glass After annealing the NaAl—P—O—F xerogels containing glass.
at 350-400 °C, transparent glasses were obtained. To To facilitate the assignments of th# NMR signals at
illustrate the structural role of the fluorine atoms incorporated —140 and—170 ppm observed in the single-pulse experi-
into the aluminophosphate glass network, Figure 3 comparesments, heterodipolar interactions betwé®hand23Na, 27Al,
the2’Al NMR spectra of both NaAl—P—O—F glasses and  and®'P were probed by REDOR or REAPDOR experiments.
corresponding F-free aluminophosphate glasses with com-Typical results obtained on a sample with Na/Al/P/F 2:2:
position of Na/Al/P/F= 2:1:2x (Figure 3a) and 2:2:R: 2:1 are summarized in Figure 4. In each part of the
(Figure 3Db) (for F-free glass = 0). Clearly, the presence figure, the upper trace represents ff#€ single resonance
of fluorine results in a significant increase in the relative spin—echo signal, whereas the bottom trace shows the signal
concentration of Al(VI) units, which increases proportionally acquired following irradiation of the respective heteronuclei
with x (see Figure 3b). We believe this effect to arise from in the middle of the rotor period. Significant signal attenu-
ligation of fluorine to octahedral aluminum, resulting in ation observed in the latter experiment indicates the presence
mixed Al(F,OP} local environments. of substantial dipolar couplings, revealing connectivity or
To support this hypothesis, Figure 4a shows?ia{ 1%} spatial proximity. The®F{?’AI}REAPDOR (Figure 4b)
REDOR results of the representative-Na&l —P—O—F glass experiment indicates that the fluorine species resonating at
with composition Na/Al/P/F ratio 2:2:2:1. Clearly, the signals —140 ppm interacts with aluminum more strongly than that
attributed to Al(VI) units are significantly attenuated 1 giving rise to the—170 ppm signal. The opposite effect is
irradiation, indicating that fluorine atoms are in close observed with respect to the interaction witNa (°F{%*Na}
proximity of these units. In contrast, the 45 ppm resonance REAPDOR, Figure 4c). These results suggest that'¥e
assigned to Al(IV) species is virtually unaffected by tfie signals at—140 and—170 ppm might be attributed to
irradiation, suggesting that these units are remote from bridging (Al—F—Al) and nonbridging (A-F---Na") fluorine
fluorine atoms. Thus, the incorporated fluorine is almost species, respectively. This idea is further supported by the
entirely coordinated to octahedral aluminum units (a small **F{3!P} REDOR experiments conducted on these samples.
amount of fluorine might also be ligated to pentahedral units). As seen from Figure 4d, th#éP irradiation causes an obvious
These results are supported by complementay{3'P} attenuation of both*F signals at—140 and—170 ppm;
REDOR experiments (see Supporting Information Figure however, the effect is more pronounced for th£40 ppm
S1). While in a sodium aluminophosphate glass with resonance. As no moreF bonds exist in these samples
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Figure 4. Double resonance NMR studies carried out on the glass with Na/Al/P/F 2:2:2:FA(d)'°F} REDOR; (b)*°F{2?7Al} REAPDOR; (c)'9F{%3Na}
REAPDOR,; (d}°F{3P} REDOR. In each individual trace, the upper and bottom curves represent the observe-nuclei signals without and with irradiation of
the respective heteronuclei during the evolution period of 0.267 ms, respectively. Spinning sidebands are indicated with asterisks.

(absence of peak neat75 ppm), the'®F{3'P} REDOR H,0 and lactate from the aluminum coordination sphere by
attenuation must arise from dipolar coupling to phosphate F-bound phosphorus ligands, building larger and larger units
species completing the octahedral aluminum coordination and ultimately resulting in the formation of polymeric gel
environment. Consistent with the assignment of tfe in which aluminum, phosphorus, and fluorine establish
resonances, a larger difference signal is expected for themultiple —(F)P—O—Al— linkages. The key features of the
bridging fluoride species. Finally, the signal attenuations of present setgel route, resulting in the successful preparation
both fluorine signals by'P irradiation in'°F{3P} REDOR of transparent NaAl—P—O—F gels and glasses, are as
experiments indicate that the fluorine is homogeneously follows: (a) the peculiar chelation properties of aluminum

distributed over the Al(VI) sites of the AIO—P network lactate in aqueous solution, which forms the basis of its
and no Alk-like islands are formed. reactivity with phosphate, and (b) the stability of the FF

bond under polymerization conditions, circumventing the

Discussion and Conclusions rapid precipitation of aluminum fluoride from such solutions.

The results of the present study give important mechanistic Based on the work reported here, the structure of the xerogel

insights into the formation of gels and glasses in the Al(iact) can be schematically depicted by Figure 5b.
Na,POsF system. We previously discussed the molecular Upon heating of the xerogels, the successive removal of
mechanism of gel formation in the Al(lagtfisPO; sol—gel lactate residues from the aluminum coordination sphere
system® which involves the reaction of mixed aluminum happens concurrently with the transfer of P-bound fluorine
lactate hydrate complexes, [Al(lagt}(H20)x]*", with the to the aluminum species nearby, resulting in the dramatic
phosphate species. In the Al(lagla.POsF sol-gel system, structural changes evident in Figure-2|. After heating at
the’®F NMR spectra reveal that the overwhelming majority 200 °C, virtually all of the fluorine in the sample is
of the fluorine atoms remain covalently bound to phosphorus aluminum-bound and no more-F bonds exist (Figure 20).
as F-P(0)O? species during the polymerization process. Further heating to 400C results in the formation of a Na
Thus, the reactions can be summarized by the scheme giverAl—P—O—F glass network established on the basis of
in Figure 5a. polymerized AI(OP), Al(OP)s, Al(F,OP), and tetrahedral
During the course of the sebel conversion, the continu-  phosphate units, as schematically illustrated in Figure 5c.
ous progress of these reactions promotes further removal ofSince all the fluorine is incorporated into the coordination
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Figure 5. Scheme illustrating the structural evolution in the-\Md —P—O—F system: (a) sol; (b) xerogel; (c) glass.

sphere of Al(VI) units, NacAl—P—O—F glasses contain a present sotgel route exhibits some attractive advantages
higher fraction of octahedral aluminum than the correspond- by simplifying the process, eliminating potentially hazardous
ing fluorine-free materials (Figure 3). fluorination agents, and offering the prospect of forming

In summary, we have developed a novel-sgél route more homogeneous products. Future studies will be devoted
based on di-sodium fluorophosphate and aluminum lactateto the preparation and application of thin films and to the
solution to directly incorporate fluorine into aluminophos- detailed structural characterization of the glasses as a function
phate-based materials, resulting in homogeneous and transef elemental composition.
parent gels and glasses. The route from the solution to the
gel and the final glass was monitored by high-resolution
liquid-state NMR and advanced solid-state NMR techniques,
elucidating the molecular mechanism and the nature of
fluorine incorporation into these materials.

To our knowledge, the present contribution reports the first
successful preparation of fluoride-containing gels and glasses Supporting Information Available: Supplemental figure show-
via a direct fluoride-incorporated segel route, and the first ~ ing *’Al{*'P} REDOR of F-bearing (Na/Al/P/F= 2:1:2:1) and
sol-gel synthesis in which NROsF has been used as a F-free (Na/AllP _2:1:2) glasses (PDF). This material is available
precursor. Compared with the previously reported procedures/™€ Of charge via the Internet at http://pubs.acs.org.
(gaseous fluorination treatment of oxide polymeric gels), the CM0500662
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