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The photochemistry of the azo functionality has been thoroughly

studied and appears extensively documented in numerous révdews. EX EM
The azo chromophore fri excitation) is generally characterized () MFI
by a very low intersystem crossing (ISC) yield, which makes diffi- 0-0: 366 nm
cult the direct population of the triplet excited state. As a con- ®

FER

sequence, the observation of phosphorescence is very udimual,
recent exceptions have been documented for the diaect heavy-
atom-promotetlemissions. @ ARl

In the heavy-atom effect, ISC is enhanced by more effective 0-0: 339 nm
spin—orbital coupling®” For this purpose, solvents have been used 250 300 350 400 450
which contain heavy atoms, for example, Br and | atoms, to increase Wavelength (nm)
the ISC quantum yield, as manifested by enhanced phosphorescencéigure 1. Excitation (EX) and emission (EM) spectra at room temperature
emission or higher amounts of products derived from the triplet 0f(2) DBH@SSZ24(AFI), (b) DBH@Ferrierite (FER), and (c) DBH@Silicalite

_ L . . (MFI); the 0-0 transitions are indicated by arrows.

state A more efficient alternative is to use zeolites as solid hosts,
in which heavy-atom cations occupy the voids of the zeolite porous chart 1
structure in close proximity with the absorbed gy applying
this well-established strategy, the phosphorescence of 2,3-
diazabicyclo[2.2.1]hept-2-ene (DBH) (Chart 1) has been recently /N
observed at 77 K upon incorporation within-TY zeolite®

In the present contribution, we report the first direct observation host has been additionally obtained by carrying out XPS analysis
of the room-temperature phosphorescence emission from DBH by of the C-to-Si atomic ratio after different levels of sputtering with
using the innovative confinement effédn this novel process, the  a fast Ar- beam (see Supporting Informatio®)in statistical terms,
intersystem-crossing efficiency is enhanced by perturbation in the the DBH molecules are separated quite far from each other (at least
symmetry and changes in the energy of the electronic states due toj0 A between van der Waals edges), and for this reason the
spatial constraints imposed by the rigid reaction cavity. Previously, perturbation among themselves is unlikely. The zeolites used in
we have provided spectroscopic evidence that incorporation of or- the present study have distinct pore sizes and morphol&tjiiésis,
ganic molecules inside the micropores of zeolites significantly SSz24 (AFI) has cylindrical pores of 7.3 A diameter. Ferrierite
changes the molecular orbitals of the absorbed guests through spatiglFER) has a two-directional pore structure consisting of straight
confinement 1! This approach is conceptually different from the  oval 10-ring channels (5.4 A 4.2 A) which are intersected by
heavy-atom effect, but both have in common the use of zeolites to channels with eight-ring windows. Silicalite (MFI) has an array of
provide a compartmentalized rigid matrix. In the heavy-atom effect straight channels (5.% 5.5 A) intersected perpendicularly with
the major role is played by the nature and number of the charge- sinusoidal channels (5.2 5.6 A). Theta-1 (TON) is a monodi-
balancing metal ions, while the confinement effect is based on the rectional zeolite with oval channels of 4.6 A 5.7 A diameter.
host/guest tight fit and operates even with all-silica zeolites that  Figure 1 shows the room-temperature excitation and fluorescence
do not contain any compensating cation. By using DBH as a test spectra of DBH included within SSZ24, ferrierite and silicalite. It
molecule, we shall show that the confinement effect influences the is interesting to note that both the excitation and emission spectra
properties of the guest more strongly than the well-established are wavelength-independent. The-®@ transition of DBH clearly
heavy-atom effect. depends on the host and shifts bathochromically from SSZ24 to

DBH was incorporated in four heavy-atom-free zeolites of dif- sjlicalite. The more tightly the fit of DBH inside the pores of the
ferent pore sizes (see Supporting Information). Three of these arezeolite, that is, MFI> FER > AFI, the more pronounced the
all-silica zeolites (cation-free) and the fourth a highly dealuminated bathochromic shift of the 90 transition. These spectral shifts in
(Si/Al = 30) theta-1 zeolite (the all-silica theta-1 zeolite has to the fluorescence emission are attributed to the orbital-confinement
date not been reported). The loading level was 5 mg per gram of effect, induced by the zeolite hdst! Theoretical work reveals
zeolite, confirmed by thermogravimetric and combustion analysis. that orbital confinement decreases the HOMQMO energy gap.
Direct evidence of the incorporation of DBH within the zeolite  The main contribution to the (S-S, transition involves the

: : excitation from the HOMO to the LUMO energy levels, and
:Lcr’“‘\’/"gg?& ggf,ge;ggggg”gg f,g‘l’é’r'fiit: addressed. E-mail: fmarquez@itq.upv-es.consequently, the pathochromic shift observed in the Gansition
# Universita Wrzburg. reflects the reduction of the HOMELUMO energy gap.

0-0: 360 nm
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at 580 nm for the decay requires secongs< 4.7 s), which is an
exceedingly long-lived triplet excited state. Furthermore, molecular
oxygen quenches significantly the intensity of this band, whose
initial intensity is recovered in a nitrogen-gas atmosphere. The exci-
tation spectrum, monitored at 580 nm, was very similar to the
absorption spectrum of DBH@theta-1. Finally, on seliduid ex-
00 05 10 15 traction of DBH@theta-1, unaltered DBH was recovered essentially
Time (s) quantitatively.
% The observation of direct phosphorescence even at room tem-
perature from DBH within theta-1 and silicalite zeolites may be
00,00 400 500 600 rationalized on the basis of two complementary effects: (i) Decrease
Wavelength (nm) of the HOMO-LUMO energy gap and the orbital-symmetry pertur-
Figure 2. Excitation (EX) and emission (EM) spectra of DBH@silicalite ~ bation, induced by the spatial confinement of the azd chromo-
measured at 77 K; the insert shows the phosphorescence decay monitoregphore through guesthost interactions, favor ISC. (ii) Inhibition

at 550 nm after 350-nm excitation. of radiationless deactivation pathways by the immobilization of
DBH in a rigid matrix favor long lifetimes.

N t=47s Both effects (higher triplet population and less energy wastage)
enhance the emission pathways.

"“%-:.-a:v . In conclusion, the emission spectrum of DBH incorporated in
— zeolites is clearly modulated by the host. The direct observation of
room-temperature phosphorescence from DBH without the as-
sistance by any heavy-atom perturbations demonstrates impressively
the efficiency of the orbital-confinement effect to manipulate the
photophysical properties of electronically excited molecules through
absorbed guesthost interactions. It must be emphasized that pre-
vious attempts to observe direct phosphorescence from DBH even
in EPA glass at 77 K or in Xe matrix at 15 K have been unsuccess-
ful; also no room-temperature phosphorescence of DBH YT

) - ) .. was observef.
Figure 3. Room-temperature excitation (monitored at 580 nm) and emission . . .
spectra fexc = 350 nm) of DBH@theta-1; the insert shows the phospho- Acknowledgment. Generous financial support of the work in
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As expected, the intensity of the emission was considerably
increased at 77 K, and in the case of DBH@silicalite, a new band References
at ca. 550 nm appeared (see Figure 2). This band was only observed (1) Engel, P. SChem. Re. 1980 80, 99.

K 2) Adam, W.; De Lucchi, OAngew. Chem., Int. Ed. Endl98Q 19, 762—
at temperatures below 200 K and was assigned to the phosphores- @ 779. 9 d1980
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The room-temperature fluorescence lifetimes for DBH included

cence emissiontp = 0.6 s) of DBH. DBH@SSZ24 and ferrierite (i) gldafky V\X/ .DF-: Stef"gJ-'K'?m' Chen[ﬁ)- .S’\?<197\£~/ 9,\?1.?/347—?255-%
did not show this phosphorescence band. @ SO?TQ%"llr?g&gyg_"lzgagp;tem’  Nau, W N Wirz ) JAm. Chem.

In the theta-1 zeolite, the results are remarkably different (see (5) Uppili, S.; Marti, V.; Nikolaus, A.; Jockusch, S.; Adam, W.; Engel, P.

Figure 3). DBH within theta-1 shows at room-temperature red- f'l?oglé"o' N. J.; Ramamurthy, \J. Am. Chem. S0200Q 122, 11025~
shifted luminescence, with two weak peaks in the 4600 nm (6) McGlynn, S. P.; Azumi, T.; Kinosita, MMolecular Spectroscopy of the

region and a more intense broad band at ca. 580 nm. The weak Triplet State Prentice-Hall: 1969.
9 (7) Khudyakov, I. V.; Serebrennikov, Y. A.; Turro, N. Chem. Re. 1993

emission at 4086500 nm is assigned to fluorescence, which is 93, 537.

bathochromically shifted with respect to that observed for DBH  (8) Qgggrson, M. A; Grissom, C. Bl. Am. Chem. Sod996 118 9552~
W!thln all-silica zeolites (F_lgure_ w Th_|s spectral shift is conS|s_tent (9) Méarquez, F.. Gara, H.. Palomares, E.; Fémdez, L.. Corma, AJ. Am.
with the smallest pore-size dimensions of the theta-1 zeolite, for Chem. S0c200Q 122, 6520-6521.

i i ital ' (10) Zicovich-Wilson, C. M.; Mequez, F.; Palomares, E.; Boronat, M.; Viruela,
which evidently the largest orbital-confinement effect operates. The b M.: Garéa. H.: Corma. AJ. Am. Chem. SoSubmitted.

broad band at ca. 580 nm may be safely attributed to room-tem- (11) Maquez, F.; Zicovich-Wilson, C. M.; Corma, A.; Palomares, E.; Garcl
perature phosphorescence emission on the basis of the wavelength _ H- J. Phys. Chem. B2001, 105 9973-9979. N

. ims . (12) XPS analysis combined with Asputtering indicates that the C/Si atomic
of the emission maxim&? Phosphorescence emission at room tem- ratio incréases from 0.01 to 0.10 going from the external surface to ca.
perature has never been observed for any azoalkane and certalnly(ls) lT%O A dovsm-KA Chem. Re988 21 275

H - H : omas, J. CC. em. Re , .

not for DBH. lee'j‘ the low ISC efficiency for DBH in solution, (14) The determination of the fluorescence lifetime of DBH@theta-1 was
the effect responsible for phosphorescence enhancement through unsuccessful due to the low intensity of the fluorescence emission and to
intersystem crossing has to be remarkably strong. Still more impres- the overlap with the phosphorescence band.

sive, as shown in the insert of Figure 3, the luminescence monitored JA012242K
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