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Trace Organic Chemical Detection Using an Ultraviolet Excitation Molecular Beam

Fluorometer, B.L. Preppernau and P.J. Hargis, Sandia National Laboratories, Dept.

1128, P.O. Box 5800, Albuquerque, NM 87185, (505) 844-9425. Operation is

demonstrated for an ultraviolet laser excited pulsed supersonic molecular beam

fluorometer which simultaneously detects vibrationally resolved integrated

fluorescence, photoionization, and dispersed fluorescence spectra.
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1128, P.O. Box 5800, Albuquerque, NM 87185, (505) 844-9425.

Detection of air-borne environmental contaminants, such as organic ,_olvents,
requires unambiguous compound identification and sensitivity to concentrations
below those permitted by regulating agencies. One promising detection approach
uses a pulsed supersonic molecular beam vacuum expansion in combination with
fluorescence signal spectral analysis to identify species in a chemical mixture.
Expanding a contaminated atmospheric sample through a supersonic molecular
beam expansion acts to cool the sample and greatly reduce the spectral density in a
fluorescence or photoionization spectrum. Most organic contaminants of interest
have electronic transitions in the ultraviolet with near-featureless broad band

fluorescence spectra when recorded at atmospheric pressure and room temperature.
By using a supersonic vacuum expansion, cooling to within a few degrees of
absolute zero can reduce the effective rotational and translational temperatures of
the sample molecules and provide a sharply defined spectra which can be used to
unambiguously identify specific molecules and their concentrations.

We have constructed a pulsed supersonic molecular beam apparatus which
can be synchronously probed with a pulsed ultraviolet laser source. The
atmospheric pressure inlet to a commercial pulsed valve assembly is comprised of a
high pressure mixing sample plenum and a mixing manifold. The mixture ratio of
compounds in the carrier gas is monitored by high accuracy baratron pressure
transducers. This mixing system allows us to generate calibrated mixtures of
compounds with mixture ratios down to ten parts-per-billion (ppb). A high
sensitivity 200 amu residual gas analyzer (RGA) is also coupled to the mixing
manifold. The RGA can be used to determine the stability of a gas mix in the
sample plenum, monitor system contamination, and ultimately to determine
mixture compositions below one ppb.

The ultraviolet laser excitation source consists of a moderately high
resolution dye laser (2 GHz linewidth) pumped by a pulsed Nd:YAG laser operated
at 355 nanometers and a pulse repetition rate of 10 Hz. The output of the dye laser
is doubled using either BBO or KDP nonlinear crystals and passed through Supersil
fused silica windows into the molecular beam expansion chamber. The ultraviolet
wavelength tuning range used extends from 210 to 400 nanometers with output
pulse energies up to 1 milliJoule.

Spectra can be recorded simultaneously using three techniques. At right
angles to the molecular beam axis and the laser probe axis are collections optics for
wavelength integrated laser-induced fluorescence (LIF) detection using a
photomultiplier tube. Also in the expansion chamber is a DC biased plate (-100 V)
for collecting charge generated by photoionization. The photoionization signal is
detected using a high gain charge sensitive amplifier. Finally, a quartz fiber optic
vacuum feedthrough collects fluorescence from the laser-probe/molecular-beam-
interaction region and couples the light into a 1/4-meter spectrometer (1200
groove/mm, 250-nm blaze) equipped with an intensified thermoelectrically cooled



charge coupled device (CCD) camera for dispersed wavelength fluorescence
measurements.

Figure 1 demonstrates the effect of supersonic expansion cooling on a portion
of the LIF spectrum of acetone vapor seeded into a helium carrier gas. The upper
trace shows the laser-induced fluorescence (LIF) spectra obtained near normal

atmospheric conditions (100 Torr). As the expansion to vacuum base pressure is
reduced, the LIF spectra become progressively more sharply defined as broad band
structures narrow due to the cooling effect of the expansion. The middle trace was
acquired at a base pressure of 2 x 10-3 Torr and the bottom trace was acquired at 6
x 10-6 Torr. Though the absolute signal level in the bottom trace is reduced due to a
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Figure 1. Supersonic Beam Expansion Base Pressure Dependence
for Acetone LIF Spectra.

lower concentration of background acetone molecules in the expansion chamber, the
signal to noise ratio of the spectra has improved by nearly two orders of magnitude
since the incident laser pulse energy is distributed among fewer rovibrational
transitions. The approximate rotational manifold temperatures are 5 Kelvin.

Figure 2 shows a comparison of LIF and photoionization spectra for toluene
recorded at a concentration of 10 parts-per-million in 1000 Torr of helium carrier
gas. This figure demonstrates the complementary value of recording simultaneo_ds
spectral signatures by different methods. In many cases the LIF and
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photoionization spectra for organic species are nearly identical in certain
wavelength regions. However, some vibrational bands at other wavelengths may
show dramatically different spectral profiles. In some cases there may be no
identifiable spectral structures from the LIF signal, but a well defined
photoionization spectra can be recorded.
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Figure 2. Comparison of LIF and Photoionization Spectra of Jet-Cooled Toluene

The apparatus described is being used to perform original surveys of spectra
of a variety of organic compounds, such as toluene shown above, as well as species
such as trichloroethylene, DIMP, DMMP, and the xylenes. In particular we have
compared jet-cooled spectra resulting from excitation of substituted benzene
derivatives, as these compounds have similar spectral features which can overlap
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each other in certain spectral regions, thereby making their differentiatioa difficult
in high pressure, room temperature spectra.

Beyond using the molecular beam fluorometer for spectral surveying, we are
also studying issues associated with the relative sensitivity of each of the detection
techniques. By examining the signal to noise ratio of current data, we can
extrapolate the detection sensitivity for the system at 10 ppb for optimal conditions
and compounds.

This work is supported by the United States Department of Energy under
Contract DE-AC04-94AL85000.






