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In calcined and rehydrated VSiR zeolite prepared following a method described earlier, three kinds of tetrahepeti®s can be
clearly identified by photoluminescence spectroscopy even at low V content, in contPast MR and diffuse reflectance UV-Visible
spectroscopies which do not allow them to be distinguished. A comparative study by photoluminescefté MR spectroscopies
leads to the suggestion that there is a correlation between the vibrational energy ef@hkdvd and the corresponding chemical shift of

the51V NMR signal.
KEY WORDS: beta zeolite; tetrahedral vanadium species; vibrational fine structure; photoluminescence; diffuse reflectance UV-Visible;
51v NMR
1. Introduction bond determined by photoluminescence and the correspond-

ing chemical shift of th@V NMR signal.

Spectroscopic techniques, particularly UV-Visible, ESR,
Raman, NMR and IR, are often applied to characterize V _
species in various materials [1-9]. Recently, we have shown Experimental
[2] that catalytically active vanadium ions are dispersed in
a dealuminated R zeolite by contacting this material with V0.0sSi8 and M sSif3 (with 0.05 and 1.5 wt% of V, re-
aqueous ammonium metavanadate solution. From our fectively) were prepared by a post-synthesis method de-
UV-Visible and51V NMR studies, the most common viewscribed earlier [2]. After calcination at 773 K for 2 h and
is that these vanadium ions are present as tetrahedfal ¢P°ling to room templerature both performed in flowing dry
species [2,3]. However, despite the combined deployment®fygen (120 mimin~), the samples were rehydrated at
those techniques, it is difficult to conclude if in V-loaded €98 K in moist air for 30 h and labeled C-Hydo¥sSifs and

zeolite there is a unique kind or a mixture of differents kindsHYd-V1sSil8, respectively, where C stands for calcined

of tetrahedral V species. Recently [4], we reported tha"iind Hyd for rehydrated. The colour of C-Hych¥SIR is

three kinds of tetrahedral W species can be distinguished’\’hl':?f1 atn<lj th"."t of C-Hyd-¥sSif yeIIOW:[ ied out at
in VSIR zeolite with 1.5 wt% of V by photoluminescenc ololumineéscence measurements were carried out a

spectroscopy and that their relative concentrations stron rlg\lfv\'\r”th ztsiaezFlrl:dorcr)litr)rg :jlisi:i)egtrct)letéc())r|n:§ieor.n'rmhe sigec—n
depend on dehydration/rehydration treatments. ere obtained underirradiationa 0 using a

In this paper, a comparative study of V species pemission band pass of 0.5 nm, in order to better distinguish

photoluminescence, diffuse reflectance UV-Visible &hd the qmerent vibrational ﬂne.sFructures. .
T Diffuse reflectance UV-Visible spectra were registered at
NMR spectroscopies is presented. It shows that photoly- .
. . . .~ 298 K on a Cary 5E spectrometer with the parent V-free ma-
minescence spectroscopy can clearly identify three kingds

oo . .Ierial as reference.
of tetrahedral V species in calcined and rehydrated VSi 51y wide-line and MAS NMR spectra were collected

. . 0
Z$0|It§, parttlcul?rtg/Sf\(;rNalt\v/leFrzy IO(\de\_% conten;tl (O';OS WtL/JOV on a Bruker MSL 400 spectrometer working at 78.9 MHz
of V) In contrast to IR and diffuse retlectance UV- 7 og T). Wide-line spectra were recorded using a 500 kHz
Visible spectroscopies which do not allow one to distingui

h hi I hat th ectral window, a pulse length of 1,6 and a pulse de-
them. Moreover, this study allows us to suggest that thaig, of 5 5 \AS spectra were obtained using a single pulse
is a correlation between the vibrational energy of the® sequence with a pulse length ofk, a pulse delay of 0.5 5

* To whom correspondence should be addressed. and a rotor spinning rate of 14 kHz. All chemical shifts were
** |nstitut Universitaire de France. measured by reference to liquid VQGb = 0 ppm), a spin-
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ning solid vanadia sample being used as a secondary referthe absence of (d—d) transition in the range 600-800 nm
ence for MAS experiments (= —609 ppm). and of any W ESR signal, these bands can only involvé V
ions. They are attributed te(to) — d(e) and tor (t1) — d(e)
) ] oxygen-to-tetrahedral¥charge transfer transitions, involv-
3. Resultsand discussion ing oxygen in bridging (V-0-Si) and terminal &0) posi-

- . tions, respectively, in agreement with earlier results [7,8].
The>lV wide-line NMR spectra of C-Hyd-¥osSiR3 and -~ A )
C-Hyd-Vo 0sSi are shown in figure 1. As established bThe UV-Visible spectrum indicates the presence in C-Hyd

simulation, in the’lV wide-line NMR spectrum of C-Hyd- 0.0sSiB of only one kind of tetrahedral*/ in agreement

V0.05SiB a single orthorhombic signal with a maximumWith the®!V wide-line NMR results.
0.05 9 g In contrast, the UV-Visible spectrum of C-Hyd;¥SiR3

at —535 ppm is detected. A similar signal has been al- .
ready reported for calcined V-Ti silicalites, V-Al silicalites composed of two intense charge transfer bands at 375

and KVS-5 and assigned to'in a tetrahedral environ- gmd 265 nm with a shoulder at 235 M. AS reported ear-
ment [5]. In contrast, th&V wide-line NMR spectrum of lier [7], the band at 375 nm can be attributed to an oxygen-to-

C-Hyd-V1 sSiR is composed of an orthorhombic signal Witﬁ)ctahedral V charge transfer transition with oxygen in ter-

a maximum at—605 ppm and of a band with a maximummmal position (\=0) and the bands at around 235-270 nm

at —350 ppm. The former is likely to be due to¥Mn a 698
distorted VQ tetrahedral environment and the latter, quite [
different from that of \40s, to VV in an axially distorted oc-
tahedral environment, on the basis of results obtained with
reference solid compounds [6].

It is known ([9], and references herein) ttidy MAS
NMR can bring additional information on V species. Prob- C-Hyd-V_ SiB
ably due to the very small amount of V, A% MAS NMR e
signal is observed for C-Hyd-osSiR. In contrast, for (‘] _460 _860 _12‘00 _16‘00
C-Hyd-V1 5Sif3 signals of tetrahedral and octahedral V are
visible with an isotropic chemical shifiso(MAS) of —698 S (ppm)
and—559 ppm, respectively (figure 2). Similar signals hav:
been reported for the d0s/Si0, system [10].

The diffuse reflectance UV-Visible spectrum of C-Hyd-
V0.05SiR8 exhibits two bands at 270 and 340 nm (figure 3),
very similar to those observed for as-preparg@s&il3. Due

-559

Eigure 2. 51y MAS NMR spectrum of C-Hyd-\ 5SiR. Any signal was
observed for C-Hyd-¥ o5Sif3.
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o ] Figure 3. Diffuse reflectance UV-Visible spectra of C-Hyg-46il} and
Figure 1. 78.9 MHZV wide-line NMR and simulated spectra of C-Hyd- C-Hyd-Vp g5SiB3, measured at 298 K, using the parent V-free SiR zeolite as
V1 5Sil3 and C-Hyd-Vj o5Sil3. reference.
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to 7(t,) — d(e) oxygen-to-tetrahedralW/ charge transfer For C-Hyd-V; 5SiR, the spectrum is less resolved than for C-
transition with oxygen in bridging position (V—O-Si). TheHyd-V(05Si3 and exhibits mainly the type species. This
shoulder at 235 and the band at 265 nm suggest the presdatter has a shorter liftime (28 ms) of the excited triplet state
of two different kinds of tetrahedral ¥/ strongly and less as compared to the other two specigs8g8 ms,y 49 ms),
distorted, respectively, in agreement with the results reportethich indicates that the thermal deactivation process is dom-
for KVOF4 and the V(j* complex [11,12]. The major part inant and the photoluminescence yield is lower fordtgpe

of V species is present in less distorted tetrahedral (baspecies. Because the C-Hyd-38iRR sample leads mainly to

at 265 nm) and in octahedral V species (band at 375 nra)species, the intensity of its photoluminescence spectrum is
The presence of tetrahedraY \épecies in calcined and rehy-significantly decreased as compared to C-HyghaBiR.

drated C-Hyd-\ 5SiR suggests that some of \tentres are  The second-derivative photoluminescence spectra of the
not accessible to water molecules and retain their tetrahedibbve samples are not strongly affected by the presence
coordination even in the rehydrated form of the zeolite.  of silanol groups and the energy separation between the

The C-Hyd-V4 5Sif3 and C-Hyd-¥ 05Sil3 samples exhibit (0 — 0) and (0— 1) vibrational transitions can thus be de-
photoluminescence spectra with maxima at around 500 nermined for each V species. The vibrational energy calcu-
together with complex vibrational fine structures (figure 4)ated from the second derivative spectrum of thepecies
These spectra correspond to transitions from the lowest gbrresponds with 1018 cmd, that of 8 with 1054 cntl
brational level of the excited triplet statey(W4*—O~) to and that ofy with 1036 cnt! in good agreement with the
the various vibrational levels of the ground singlet statg@brational energy of the surface0O bond obtained by
So(V5+=0%"), as described earlier [4,13]. The fact that théR [13,14] and Raman [15,16] measurements for gaseous
same spectra are obtained under irradiation at 250 or 340 (MOF3) and liquid (VOCk and VOBg) molecular com-
suggests that the electronic state from which the emissipounds [17,18] and various oxide-supported vanadium solid
process occurs is identical and independent of the absogatalysts (\0s/SiO, and V,0s/PVG [13,15], and ¢Os/
tion energy in the range 250-340 nm. y-Al,03 [16]).

In order to ease the analysis of the very complex spec- On the basis of the linear correlation between the wave-
tra due to the superimposition of different vibrational fingumber of the =0 bond and its length in several V com-
structures, the second-derivative presentation was used (figunds [14], bond lengths of 1.54, 1.56, and 1.58 A are ob-
ure 5). We wish to underline that even with the sample wittained for the \=0 of 8, y and«, respectively. Upon in-
the lower V content, three different types of vibrational fingrease of the ¥O bond length, the symmetry of V species
structure can be clearly distinguished which can be relatgtbves toward the pure tetrahedral one.
to three &, B, y) different kinds of tetrahedral ¥/species.  The chemical shift of the orthorhombfV wide-line

NMR signal more important for C-Hyd-\&Sif3 (—605 ppm)
517 than for C-Hyd-\§ 05SiRR (~535 ppm) can be related to the
higher symmetry of the tetrahedral\épecies in the former

Intensity (a.u.)

Intensity (a.u.)

C-Hyd-V, Sif

03 « o
. . ‘ ‘ ‘ . . B , o-4 03 . .
350 400 450 500 550 600 650 7006 400 450 500 550 600 650
Wavelength (a.u.) Wavelength (nm)

Figure 4. Photoluminescence spectra at 77 K of C-HyaSi3 and Figure 5. Second derivative of the photoluminescence spectra at 77 K of
C-Hyd-Vp,05SiR outgassed at 473 K for 2 h (18 Pa). C-Hyd-Vy 5SiR and C-Hyd-\j 05SiR outgassed at 473 K for 2 h (19 Pa).



214 S Dzwigaj et al. / Photoluminescence, UV-Visible and 51V NMR studies of Vi3 zeolite

sample, in agreement with the results reported for a seriesbeftween the vibrational energy of the=0 bond and the
vanadates [6]. corresponding chemical shift of t8&v NMR signal.

The comparative study of V species by photolumines-
cence ancPlV NMR spectroscopies allows us to suggest
that there is a correlation between the vibrational energ\cknowledgement
of the V=0 bond and the corresponding chemical shift of
the 52V NMR signal. Indeed, we observe that the vibra- Dr. S. Dzwigaj gratefully acknowledges the CNRS for fi-
tional energy decreases in the following ordgrs y > a, nancial support as “Chercheur Associé”. Special thanks are
while the chemical shift increases from635 ppm for the due to J. Maquet (UMR 7574-CNRS) for her help in record-
mixture of o, B, y species to—605 ppm for thea one. ing the>’V NMR spectra.
For voj— species with nearly ideal tetrahedral \6ym-
metry, the chemical shift is found to be at approximately
—740 ppm [19]. These results on tetrahedrdl Species References
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