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Ultrafast Dynamics of Pyrene Excimer Formation in Y Zeolites
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Pyrene excimer emission in alkali-metal-exchanged zeolites is readily observed to grow in using an ultrafast
streak camera with 3.3 ps time-resolution. Rise-time constants range from 7 to 14 ps depending on the
composition of the zeolite. These results show that two pyrene molecules in doubly occupied cavities must
move from their pre-excitation orientation into the face-to-face orientation required for the excimer.

The photophysical properties of pyrene have been used in [T
numerous studies to examine the microenvironment within the
supercage interior of faujasite zeolites. This includes examining
both the structured emission from the pyrene monomer between 2
375 and 420 nm and the broad, featureless excimer emission &
between 400 and 550 nin® One aspect of the photophysics
of zeolite-incorporated pyrene that has not yet been fully
investigated is the nature of the formation of the excimer. In
particular, attempts have been made using fast pulsed laser
excitation to resolve the rise time of excimer emissiottwhich
would show that the two pyrene molecules within doubly
occupied zeolite caviti€s® must rearrange after absorption of o M
light into the orientation required for excimer formation. 20  -10 0 10 20 30 40 50
However, although results from some studies suggest that Time (ps)
excimer emission is not instantanedfd; the fast rise time of  Figure 1. Rise-time traces for pyrene monomer emission at 420 nm
pyrene excimer emission has not been resolved. We have now0O) and excimer emission at 500 nn®)( obtained upon 388 nm
examined pyrene emission using an ultrafast streak camera, andemtosecond laser irradiation of pyrene incorporated in NaY under N
show that excimer formation can be fully resolved and that Every second data point is plotted. The figure also includes the
excimer formation is sensitive to the composition of the zeolite. instrument response functiorry.

Faujasite zeolites are aluminosilicate materials with an open ) . .
framework structuré 13composed of linked Si@~ and AlQ5 recon\./olunon.' U§|ng this treatlment, t'he growth rate cpnstant
tetrahedra arranged into sodalite catfed” The sodalite cages ~ ©f excimer emission at 500 nm in NaY is 7.2410°s™%, which
form the framework structure of large, spherical supercages thatCOrresponds to a rise time of 13.83sA time constant slightly
are linked in a tetrahedral arrangement via 7.4 A pores. Pyrene/Onger than the time resolution of the streak camera was
can be readily incorporated into the supercages (13 A diameter)determlned for the rise time at 4ZQ nm. Prompt formation (within
where they can interact with the walls or the charge balancing the 1aser pulse) of the monomer is expected. The observed non-
cations located throughout the lattit18.19Up to two pyrene instantaneous growth is due to sllgh.t contamination of the
molecules can be accommodated within one supercage, and®™OMPt monomer emission by the excimer band.
intercavity movement is slow, on the order of 108s. _ To further establls_h the veracity of the rise times meas_ured

Emission produced upon pulsed irradiation of pyrene with in the dry NaY zeolites as being due to excimer formation,
388 nm laser lig#e was monitored at both 500 and 420 nm. €xperiments were carried out in NaY containing varying
The emission at 500 nm is due exclusively to emission from @mounts of two polar solvents, water and methanol. These
the pyrene excimer, whereas that at 420 nm is primarily from Solvents should affect the dynamics of excimer formation by
excited monomer. As shown in Figure 1, the time-dependent m_od_ulatlng th(_a ab|I|ty_ oflnc_ilwd_ual pyrene molecul_es to reorient
profiles of the emission at these two wavelengths are consider-Within a zeolite cavity (vide infra). As shown in Figure 2,
ably different. At 420 nm, the maximum emission intensity is increasing methanol content from'2 to 20 metha.noll mo.leculles/
almost fully formed promptly within the 3.3 ps time resolution ~cavity did indeed cause a change in excimer emission rise time,
of the streak camera. On the other hand, the 500 nm emissionWith the rise time decreasing from 13.8 ps in the absence of
from the excited dimer showso prompt formation Instead, met.hanol to7.9 ps upon the addition of 20 methgnol molecules/
this emission develops in a first-order manner over a time period cavity. The addition of water also had a significant effect by
of approximately 20 ps that is considerably longer than the time reducing the excimer rise time from 13.8 ps in NaY in the
resolution of the streak camera. absence of water to 10.6 ps upon the addition of 20 water

Rise time information can be extracted from the collected Molecules/cavity.

time trace at 500 nm by non-linear fitting techniques with Excimer rise times were also observed in other alkali metal
cation exchanged zeolites, LiY and KY, Table 1. These rise
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L ] would have a greater ability to reorient as required for excimer
N formation. Binding of pyrene with Ll should be stronger than

with Na', but the small size of Lfi and its placement within
the cavity walls presumably diminishes the strength of its
interaction with the pyrene relative to the largerNa

In summary, we have shown for the first time that intra-
cavity excimer formation in Y zeolites does not occur simul-
taneously with the laser pulse but instead occurs over a time
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period of approximately 20 ps. This indicates that pyrene

0.2 L molecules in doubly occupied cavities are not present as ground-
[ state dimers with the correct orientation for excimer forma-
0 T e s Y tion: the two pyrene molecules must move from their pre-
20  -10 0 10 20 30 40 50 excitation orientation into the face-to-face orientation required

Time (ps) for the excimer.
Figure 2. Rise-time traces for pyrene excimer emission at 500 nm
obtained up 388 nm femtosecond laser irradiation of pyrene incorporated  Acknowledgment. F.L.C. and N.P.S. gratefully acknowledge
in NaY upon the addition of X¥), 5 (a), 15 (2), and 20 ®) methanol the Canadian Foundation for Innovation and the Natural Science
molecules per cavity under dry nitrogen conditions. Every second data and Engineering Research Council of Canada (NSERC) for
point is plotted. The figure also includes the instrument response financial support of this research. K.A.W.Y.C. thanks NSERC,

function €). the Izaak Walton Killam Memorial Foundation, and the Walter
TABLE 1: Pyrene Excimer Emission Rise Timesz (ps), C. Sumner Foundation for postgraduate scholarships.
Obtained upon 388 nm Femtosecond Laser Irradiation of
Pyrene within Three Zeolites under Dry Conditions and as a Supporting Information Available: Procedure for prepara-
Function of Cosolvent Incorporation (20 Molecules/Cavity) tion of pyrene-zeolites samples. This material is available free
7 (ps) of charge via the Internet at http://pubs.acs.org.
zeolite dry methanol water ¢
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