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A new emission, broad and structureless, centered at 260 nm is observed by exciting Ar matrices containing
1% O, and~0.2% pyrene at 183 nm {B,, — 1'Aq transition in pyrene). The excitation spectrum measured

by monitoring the emission at 260 nm is identical with the excitation spectrum measured by monitoring the
fluorescence of pyrene itself at 366.8 nmR4, — 1'A, transition in pyrene). We assign this new emission

at 260 nm as being due to an exciplex of charge-transfer nature between pyreng and O

Introduction pyren.O, exciplex emission pyren fluorescence
Photophysical, photochemical, and chemical interactions _ 1 \/\/\“«/\/\’\1
involving molecular oxygen (&) span all branches of chemis- ZOW \,/\/w 0
try,! physics? and biology? Ever since the observations by ; ; ; ; : : :
Evans? by Tsubomura and Mullikehand by Lim and Kow- a b
alski® the charge-transfer (CT) nature of exciplexes formed & } P exc. 237 nm|
between organic molecules and i® well-established. Most % ¢
recently Frei and co-worketaichieved stabilization of the CT €
states of complexes between &nd aliphatic hydrocarbons on ;
the order of 2-3 eV by incorporating them in zeolites. Despite =
the growing interest in the CT nature of the interactions between ~ v
O, and organic molecul€s® the amount of literature that deals exc. 183 nm 1
with quenching of the excited singlet and triplet states of J A\ WY
aromatic molecules by outnumbers the formér. . - . . J— s .
CT states of organic molecut®, (here on MO,) complexes 240 250 260 270 280 370 380 390 400
have so far been studied in two extreme conditions. These Wavelength (nm)
are: (a) using an excess ob@s in the case of well-studied  Figure 1. Polarized emission spectra and the corresponBlingrves
benzeneD, in the gas phas¥, or benzene derivativésand of 0.2% pyrene and 1% £Qn Ar matrices. Matrices were irradiated
naphthaleng® in O, matrices, where the maximum of the CT (a) at 183 nm corresponding to.théB\SuH 1'Aq transition of. pyrene
absorption occurs at higher energies, but inn@triced!® the S;rde r(fé) at 237 nm corresponding to th#Bg, < 1'A, transition of

onset of this absorption occurs at lower energies than the
absorption due to the first excited singlet state of M; (b) using

an excess of M as in the case of pure liquids of M saturated described in an earlier publication in det&il.Premixed Q:Ar

with O,,2where the CT absorption is measured at much lower (1:100) was passed through the sample chamber where pyrene
energies than the absorption due to the first excited singlet state* P 9 P by

of M. To study the nature of MD, complexes it is necessary was heat-sublime_d through an aperture of the s:_:lmple halder.
to generate isolated \D,, which, as noted by Grover et af, The vapor-gas mixture was deposited on a LiF window at 20
is difficult to realize. However, by using the matrix-isolation K. The matrices produceq by this procedure were optlcal!y clear
technique, it is possible to increase the probability of generating a.nd transparent. The_ ratio of pyrene and_Ar was approxu_nately
isolated MO, by co-depositing M and ©diluted with rare 1.50(_), which we estimate from the _reS|duaI pressure in the
gases. Due to the statistical nature of the formation of such matrix chamber before and after heating the sample holder. Ar
. 0 0 .
M-O, complexes, it is expected that the spectral features due(99 999%), Q (99 995 /f’)' from Linde, .and pyrene (%)
to M-O, would be much weaker than those due to M or D (Gold Label) from Aldrich were used in these experiments.

has been our aim to investigate these weak spectral feature%: %?;ﬁ%jvexg:?if; ?Qdﬁgugsggfﬂ%ﬁgﬂig&iﬁsgﬁeﬁsmg
caused by the interactions between M and i@ rare-gas P : ’ ’

matrices!* In this paper we report first observation of exciplex ] ]
emission from the CT state of a pyre@e contact complex in  Results and Discussion
Ar matrices.

monochromator (3m-NIM-1). The experimental setup has been

Emission spectra measured by irradiating an Ar matrix
Experimental Section containing 1% @and 0.2% pyrene are shown in Figure 1. The
excitation spectra, which were recorded by monitoring the
emission at 260 nm and the fluorescence of pyrene at 366.8
nm (1!B,, — 1'A4 transition), are collected in Figure 2. The

* Corresponding author. E-mail: murthy@hartree.pc.uni-koeln.de. CUrves shown in Figures 1 and 2 contain the information on
Fax: +49-221-470-5144. the excitation transition moment directions with respect to the
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All the experiments were carried out at the synchrotron
radiation facility BESSY at Berlin, using a 3-m normal incidence
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whereR is the electrical length of the dipole in A, we obtain a
distance of 6.04 A between the centers of pyreaad G .
Keeping in mind that the data used above, exceptHegy; is
pertinent only to the gas phase and that in rare-gas matrices the
ionization energies may be higher (Rydberg states of some small
molecules in rare-gas matrices are observed to be shifted by
~0.5 eV above the gas-phase valfisthe R value derived
here should not be overinterpreted. If, for example, we raise
the ionization energy of pyrene by 0.3 eV to 7.85 eV, then we
obtainR=5.37 A. Important to note here is that thédealues

lie close to that derived for benzei® at 5.0+ 0.4 A20

We have used the polarized excitation and emission spectra
and theX curves derived from these spectra to understand the
nature of the CT complex in Ar matrices. Both the excitation
and emission spectra that are pertinent to py@peshow
AR e constant polarization effect, which is reflected in theurves

160 180 200 220 240 (Figures 1a and 2a). As the polarized spectra of isolated pyrene

Wavelength (nm) in the same matrix (by monitoring the fluorescence of pyrene,
Figures 1b and 2b) and the correspondigurves behave as
of 0.2% pyrene and 1% £in Ar matrices: (a) monitoring the CT expected,eatheZ curves derived from the other set of spectra
emission and (b) monitoring the-® band of pyrene fluorescence®k, are .rea.ll, not artifacts. ThE_ Curve derived from the polarized
— 11A, transition). excitation spectra by monitoring the CT emission at 260 nm
oscillates between 0.4 and 0.6. Hence, the transition moment

emission transition moment direction in the molecular coordinate direction of CT emission, which should be along the line joining
system® and hence the information on the symmetry of the the centers of pyrerfieand G, makes an angle in the range
excited states. l&,, a,, anda, are the direction cosines of the ~between 40and 50 with the transition moment directions of
transition moment of excitation into,$nth singlet state) from ~ both the long-axis as well as short-axis polarized in-plane
S ande, €, ande, are the direction cosines of the emission transitions of pyrene. It is important to note here that for any
transition moment (S— S), then= = coX(¢) = (aex + aye given transition, theZ value derived is only an average of a
+ag)2 S, S, and $ are here synonyms for any excited state, spread of transition moment directions in an ensemble of
the emitting state, and the ground state, respectively. The molecules (or complexes) and does not give us the information
limiting cases ar& = 1 and 0, signifying parallel and orthogonal ©n how wide this spread could B&.Rare-gas matrices are not
(¢ = 0 and 90) transition moment directions of excitation and amorphous solids but microcrystals with a face-centered cubic
emission, respectivelf. (fcc) lattice if the impurities are below 598. Pyrene, with
Both fluorescence (Figure 1b) and excitation (Figure 2b) Molecular dimensions of 9.15 A along the long axis and 6.72
spectra and their respecti’& curves of pyrene are in good Aalong the short axis, respectively, is expected to orient itself
agreement with our previous spectfa.A comparison between N the (111) plane occupying a lattice position. The lattice
parts a and b of Figure 2 clearly indicates that the emission atConstant of Ar crystal is 5.311 & and a deformation of the
260 nm (Figure 1a) results from excitation of pyrene molecules. lattice around pyrene is expected. Due to the deformation of
In the absence of with only pyrene isolated in Ar matrices, the cavity around pyrene, irrespective of the ground-state
we did not observe the emission at 260 nm when excited at Orientation of the contact complex, the CT complex between
183 or 237 nm. The intensity of the band at 260 nm is Pyrene and @may reorient itself before the emission takes
approximately 300 times weaker than the fluorescence band atPlace. Thus the geometrical orientation derived from the
366.8 nm. On the basis of these observations, we interpret thePolarized spectra may correspond to the minimum on the
emission at 260 nm as being due to a contact CT complex Potential energy hypersurface of the CT state, at least to the
between pyrene and ;O Such an emission of a complex €xtent permitted by the cavity in the Ar lattice.
between an aromatic molecule angl@s not yet been reported We have extensively scrutinized all the other possibilities that
in the literature. may involve transfer of excitation energy from the high-lying
Assuming that the ionization energies and electron affinities 2'B1u State of pyrene to §its dimer or impurity gases such as
of molecules do not change significantly (see below) between N2, CO;, CO, or HO. A broad and structureless emission
the gas phase and in Ar matrices, we have used the well-knowncentered at 260 nm is not observed in the spectroscopic studies
procedure to get the distance between centers of pyrane of these species. The only other possibility is that the emission
O>". Using the equatioBcr = Ip — Ax — (AEe — AEy), where might be due to pyrene excimer, from a high-lying excimer state
Ip is the ionization energy of the donor, here pyrene (7.55'8V), to the ground state. However, we did not observe the well-
Aa, electron affinity of the acceptor, here (.44 eV)18 AEy, known excimer emission of pyrene from the lowest excimer
energy of formation of unexcited complex (taken to be the same State, which should have its maximum at 460 #mAll these
as in benzen®,, 0.045 eVY), Ecr, the energy of the CT considerations leave us no other choice than to interpret the
transition, here the emission observed at 260 nm, 4.77 eV, andemission as being due to exciplex emission involving the CT
the stabilization energy of the CT complexEg, is calculated state of a pyren®, contact complex.
to be 2.385 eV. By substituting this value in the following Very recently the first attempt to get spectroscopic data of
equation benzengd, complex using ab initio theory has been carried out

rel. int. (arb. units)

em. 260 nm

Figure 2. Polarized excitation spectra and the correspondicgrves
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glasses. Time-resolved measurements that are aimed at the (12) Scurlock, R. D.; Ogilby, P. Rl. Phys. Chem1989 93, 5493.
lifetime of the CT state as well as the transient absorption of _(13) Robb Grover, J.; Hagenow, G.; Walters, EJAChem. Phys1992
the CT complex are warranted to understand further the nature®”
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molecules.
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