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Summary. A supersonic jet spectrum of 9,10-dichloroanthra-
cene is measured by stimulated-emission-pumping fluores-
cence dip spectrometry and conventional fluorescence spec-
trometry. The performance obtained is compared for these
spectrometric methods, providing same information con-
cerned with the energy level of the ground state. The former
is more preferential for measurement of a high-resolution
spectrum, since the spectral resolution is determined by the
linewidth of the dumping laser. On the other hand, the latter
is more preferential for measurement with better sensitivity
at the expense of the spectral resolution, since the fluores-
cence throughput can be improved by increasing the slit
width of the monochromator.

Introduction

A sharp spectral structure is observed in a supersonic jet
spectrum by rotational cooling of the sample molecule, and
then information concerned with molecular vibration is
obtained accurately [1-3]. The energy level of the excited
state is measured by tuning the wavelength of the exciting
laser. In this case, total fluorescence or fluorescence from a
specified level is measured by isolating it with an optical filter
or a monochromator. The spectral resolution is determined
by the linewidth of the exciting laser. On the other hand, the
energy level of the ground state is measured by scanning the
wavelength of the fluorescence monochromator., The spec-
tral resolution is determined by the slit width and the aberra-
tion of the monochromator used. Then, the sensitivity is
substantially reduced, when a high-resolution spectrum is
measured. Thus the spectral resolution and the sensitivity
must be compromised in conventional fluorometry.

A stimulated-emission-pumping (SEP) technique has
been developed for measurement of the energy level in the
ground state [4-7]. In this approach, the sample molecule is
excited to a specified level by a pumping laser and is stimu-
lated to a level in the ground state. The population in the
excited state is reduced when the frequency of the dumping
laser coincides with the energy separation between the
excited and ground levels. The reduction of the population is
measured as a dip signal from a baseline level of the fluores-
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cence. This technique has currently been used in spectro-
scopic studies, especially for recording a high-resolution
spectrum. However, it has not yet been used in analytical
spectroscopy.

In this study, we compare performance of conventional
fluorescence spectrometry and SEP fluorescence dip (SEP/
FD) spectrometry with respect to selectivity (wavelength
resolution) and sensitivity by using 9, 10-dichloroanthracene
as an analytical sample.

Experimental
Apparatus

The experimental apparatus constructed in this study is
shown in Fig. 1. The sample of 9, 10-dichloroanthracene is
placed in a reservoir made of a stainless steel tube, which is
heated to 150°C by a tape heater. The sample is diluted with
argon and is expanded from a pulsed nozzle into a vacuum
chamber, which is evacuated by an oil diffusion pump
(Ulvac, ULK-06) followed by a mechanical booster pump
(Shimadzu, MB-100) and a rotary pump (Shimadzu,
KD-300). The vacuum pressure is maintained below 1 X 10~
Torr during the experiment, which is measured by a pirani
vacuum gauge (Ulvac, GP-2T).

Fluorescence measurement

A homemade dye laser pumped by an excimer laser
(Lambda Physik, LP 205) is used for sample excitation. Fluo-
rescence is collected by a lens (focal length, 10 cm; diameter,
8 cm) onto the slit of a monochromator (Jasco, CT-100)
equipped with a photomultiplier (Hamamatsu, R1477). The
signal is measured by a boxcar integrator (Stanford
Research, SR250).

In SEP/FD experiments, another dye laser (Lambda
Physik, FL2002) pumped by the same excimer laser is used
as a dumping laser. The dumping beam is spatially and tem-
porally superimposed to the exciting (pumping) beam. A
SEP/FD spectrum is recorded by tuning the wavelength of
the dumping laser.

Results and discussion

Figure 2 shows the SEP/FD spectrum of 9,10-dichloro-
anthracene. The pumping wavelength was adjusted to 358.35
nm, which corresponds to 0-0 (pure electronic) transition for



544

) o~

Boxcar Integrator, OMnclzL:il(t)!g:\Imeator Pulse Generator

“’
L4 & HB.s.

Q Dye Laser 1

. Pumping Beam

i

|
!/

Dye Laser 2
Dumping Beam

Half Mirror

Vacuum Pump{

Il

Fig. 1. Experimental apparatus for SEP/FD spectrometry and fluo-
rescence spectrometry
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Fig. 2. SEP/FD spectrum of 9,10-dichloroanthracene

9,10-dichloroanthracene. The wavelength of the dumping
laser is scanned from 407 to 408 nm. In this study, the fluo-
rescence intensity was monitored at 391.0 nm, which corre-
sponds to the transition to one of the vibrational levels in the
ground state. The slit width of the monochromator was
adjusted to 0.7 mm, which corresponds to a spectral band-
pass of 0.56 nm. It is possible to monitor the fluorescence
corresponding to the 0-0 transition. However, this was
avoided due to a large background signal occurring from the
scattered light of the exciting beam. A sharp signal peak is
observed at 407.3 nm, the linewidth of the peak being 0.025
nm. The amplitude of the signal is 15% of the baseline fluo-
rescence. Similar results were obtained, when the monitor-
ing wavelength was adjusted to 405.1 or 409.9 nm.

Figure 3 shows the conventional fluorescence spectrum
of 9,10-dichloroanthracene. The measurement was per-
formed by interrupting the dumping laser without changing
any experimental conditions except for the slit width of the
monochromator, which was adjusted to 0.015 mm for mea-
surement of a high-resolution fluorescence spectrum. The
linewidths of the spectral peaks observed are 0.08 nm. The
linewidth could not be further reduced by decreasing the slit
width, due to limited performance of the monochromator
used.

The linewidth observed in SEP/FD spectrometry is sever-
al times narrower than those in conventional fluorescence
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Fig. 3. Fluorescence spectrum of 9,10-dichloroanthracene

spectrometry. Thus the approach based on SEP/FD spec-
trometry has better spectral selectivity; i.e. many compo-
nents included in the sample might be more accurately
determined by SEP/FD spectrometry. However, this
approach has several disadvantages as well. Firstly, the signal
is observed as a dip from the baseline, and then the signal-to-
noise ratio is rather poor since the variation of the pulse
energy of the dye laser is ~ 10%. Secondly, the maximum
signal observed in this study is only 15%, which is probably
due to poor spatial and temporal overlaps of the pumping
and dumping laser beams; the fluorescence from the non-
intersected region gives a background signal from the basel-
ine level. Thirdly, the signal peak observed is rather broad in
comparison with the linewidth of the dumping laser, which is
probably due to signal saturation. Above 0.5 mlJ, the fluo-
rescence intensity is saturated on the laser pulse energy. It
means that some processes are competing with the SEP/FD
process, in addition to the fluorescence process. Fourthly,
this approach requires two lasers, which should be superim-
posed spatially and temporally, as described. Contrarily, a
fluorescence spectrum can be easily measured by using a sin-
gle laser and a monochromator. In fluorometry, the sensitiv-
ity can be improved at the expense of the spectral resolution.
Roughly speaking, the sensitivity of SEP/FD spectrometry
becomes better only when the spectral resolution must be
better than 0.03 nm though such a high-resolution could not
be obtained in conventional fluorometry by the monochro-
mator used in this study. Thus the analytical advantage of
SEP/FD spectrometry is quite limited now. In order to over-
come this problem, fluorescence dip spectrometry may be
replaced with ion dip spectrometry based on multiphoton
ionization, which has a possibility to improve the sensitivity
and to obtain additional information concerned with a mole-
cular weight of the sample molecule [7-10].
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