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The techniques of fluorescence excitation spectroscopy
have proven to be useful in obtaining transition frequen-
cies for large molecules cooled by supersonic expansion
in a beam apparatus.? The determination of oscillator
strengths and radiative decay rates obtained from the
‘analysis of fluorescence excitation spectra are compli-
cated by the fact that knowledge of the fluorescence
quantum yields, the branching ratios, and the nonradia-
tive decay rates are necessary for accurate evaluations,
Furthermore, it is obvious that non- or weakly fluores-
cent transitions cannot be investigated by the excitation
method, Conventional transmission experiments have
recently been performed®; however, because of the.
small absorption, there are inherent limitations on the
sensitivity. Intracavity absorption (ICA) spectroscopy
has been demonstrated to be a sensitive means for di-
rectly studying the absorptive properties of low density
samples and transitions with small oscillator strengths.
Most previous studies have been concerned with the
spectroscopy of atomic and small polyatomic species in
the gas phase, ! and with molecules in solution.®

In this communication we wish to report on the ob-
servation of ICA of ultracold large molecules in a super-

sonic molecular beam., We observe intracavity absorp-
tion for the molecule dimethyl -s-tetrazine (DMT) at ro-
tational and vibrational temperatures of <0,1 and 16 °K,
respectively. We also report on the ICA of I, at com-
parable rotational and vibrational temperatures, The
results indicate that the sensitivity of the method is very
high, enabling absorption measurements to be made,
even though the molecular density and optical path length
are small in the supersonic beam. For the study of non-
fluorescing molecules this technique will be very impor -
tant. Also, with a good ICA theory one will be able to
determine absorption cross sections and relative quan-
tum yields.

The experimental apparatus consisted of an argon ion-
pumped dye laser modified to have a 1 m cavity length,
The ¢w molecular beam chamber (designed to have a
high throughput, 40 Torr liter/sec, at 1072 Torr) with
AR coated Brewster angle wedged windows was located
within the laser cavity (see Fig. 1). The 30’ wedged
Brewster windows prevented interference fringes from
developing in the laser output. The laser crossed the
supersonic jet 3 mm from the nozzle, thereby defining
an interaction region with approximate dimensions 0, 1
X0.1%x1 cm, ICA measurements were accomplished by
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FIG. 1. The experimental arrange-
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ment for ICA spectroscopy in a
molecular beam. ICA and fluores-
cence spectra can be obtained simul-
taneously.
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FIG. 2. (a) The ICA spectrum of I, in a
supersonic molecular beam. The experi-
mental conditions are described in the
text. (b) A portion of the fluorescence
excitation spectrum of DMT in a super-
sonic molecular beam, showing the 0-0

and the 520 cm™! vibrational mode. (c)
The intracavity absorption and the fluores-
cence excitation spectrum of the 0-1 vi-
brational transition of DMT. The top
spectrum shows the system response in
the absence of DMT. The center trace
shows the ICA spectrum. The lower
spectrum portrays the fluorescence
excitation taken under identical experi-
mental conditions. The laser bandwidth
for fluorescence excitation was 0.75 A.

Waveiength A

spectrally resolving (0.3 A resolution) the light trans-
mitted by the end mirror (reflectance 99.5%) of the
laser cavity. The laser bandwidth was approximately
12 A and the wavelength could be tuned throughout a

150 A region centered about the dye gain maximum by
adjusting the mirror alignment of the dye laser, and by
changing the dye concentration. The intracavity laser
power was estimated to be 1.5 W in the TEMy, mode.
Operating the dye laser above threshold, although re-
ducing the inherent sensitivity of the ICA technique,
improved the stability of the system. In order to obtain
the fluorescence excitation spectra, a two-plate bire-
fringent Lyot filter (0.75 A bandwidth) was used to con-
tinuously tune the laser, while the total fluorescence was
filtered and detected with a photomultiplier tube,

Dimethyl -s -tetrazine and I, were expanded through a
50 u pinhole with a back pressure of 50 psi helium into
the molecular beam chamber. It was important to main-
tain the pressure in the vacuum chamber below 107 Torr
in order to minimize the absorption contribution from
the background gas.

Figure 2 shows the ICA absorption spectra of I, and
DMT. For I, the band of the BIl, ~ X!Z; transition at
5586.5 A is shown. The ICA spectrum demonstrates the
well documented line shape distortions characteristic of
the intracavity absorption of gases.? The excitation
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spectrum (not shown) was similar to that reported for

I, by Smalley ef al.® The portion of the excitation spec-
trum of DMT in Fig. 2(b) shows the well-known (0~0)
transition at 5714 A and the 520 cm™ vibration.™® The
ICA and the fluorescence excitation spectrum of the 520
em™! vibration are compared in Fig. 2(c). The broad-
ening observed in the excitation spectrum is due to
the resolution of our laser, while that of the intracavity
absorption is limited by the resolution of the spectrome-
ter. The energy and overall line shape of the transition
in the ICA spectrum correlate very well with the excita-
tion spectrum.

The density of DMT in the beam is calculated to be
4%10'" molecules/cm®. The laser interacts with ~4
%10° molecules, which results in an 80% reduction in the
laser power at the absorption maximum. The absorp-
tion cross section calculated for intracavity absorption,
when compared with the value obtained by extracavity
absorption experiments, 19 )eads to an enhancement fac-
tor of 580 at (P/P,,)/(P ~P,,}=3.8, where P is the pump
power (2.5 W) and P,, is the threshold power (0.3 W),
Using the results of Harris’ paper, ® we conclude that an
enhancement factor of about 10° is characteristic for our
experiments at powers near the laser threshold. With
knowledge of the enhancement factor in the linear regime
for a particular molecular transition, one can determine
absorption cross sections for other transitions of that
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molecule in the supersonic beam without the need to know
the various branching ratios which are necessary for ob-

taining the same information from excitation spectra.
We are currently carrying out these measurements on
DMT.

In conclusion, the efficacy of applying intracavity ab-
sorption spectroscopy to vibrationally and rotationally
cold large molecules in supersonic beams has been
demonstrated, Despite the low molecular density and
small optical path length encountered in the jet, the ab-
sorption properties can be determined. Moreover, we
feel that because of the large enhancement factor, this
technique can also be used to probe forbidden transitions
in a molecular beam. Further technical development,
particularly with regard to increasing the resolution
and extending the tuning range of the dye laser, will im-
prove the versatility of this technique.
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Optical detrapping in solids
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The enhancement factor is linear in the function (P/Py,)/
(P—Py,), as discussed in Ref. 6.
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Trapping and detrapping processes are of prime im-
portance in energy transport phenomena in crystals.
Guest emission after host excitation,! even at very low
guest (impurity) concentration, is the most striking fea-
ture of excitation trapping. This trapping process,
which occurs through exciton motion and radiationless
relaxation at the trap site, is still a subject of current
interest.? When the trap depth (A) far exceeds the Debye
frequency (wp), we speak of a deep trap, and the reverse
process of detrapping is not observed. In the opposite
case, where A <<wj, we have a shallow trap and here we
can easily observe the phenomenon of phonon-assisted
detrapping. Harris and co-workers®™® have recently
studied this effect in some detail in molecular solids
and proposed a stochastic model for phonon-assisted de-
trapping.

In this communication we are concerned with optlical
(photon-assisted) detrapping. Here the excitation from
a deep trap is transferred by a laser to the host exciton
band.

So far, laser-induced energy transfer processes have
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only been observed in gases,®? Jortner and Ben-
Reuven, ® however, theoretically examined laser-induced
transfer in solids and suggested the possibility of ob-
serving trap—host energy transfer in molecular crystals.

In this letter we demonstrate the feasibility of such
an experiment and show that the effect can be used to
explore the band structure of the host-acceptor state,
The system we have chosen is pentacene (PTC) in
naphthalene {NT), whereby the pentacene is a deep trap
(A =14887 cm™). The relevant energy diagram is shown
in Fig. 1. The transfer we discuss in this report is be-
tween the lowest excited singlet state of PTC and the
lowest singlet exciton band of NT.

The experiment was performed by exciting, collin-
early, a PTC in NT mixed crystal by two nitrogen-
pumped dye lasers. One dye laser operates at the PTC
transition (16 588 vac cm'l), while the other is tuned to
a frequency which corresponds with the PTC trap depth
A, Both lasers are focused in the crystal to a spot of
~100 p diameter. Under these conditions the peak
power at the sample of both lasers is ~2 MW em™,
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