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Introduction: Fluorescence spectroscopy is a valu-
able analytical tool in the search for biosignatures
within the solar system because of its ability to quickly
identify organic compounds. Organic compounds have
fluorescence lifetime decays of 100 ns or less, while
other categories of compounds have luminescence life-
time decays of micro or milliseconds'. In addition, the
quantum yield of fluorescence is quite high, reaching
up to 95% quantum yield in some compounds like xan-
thene fluorescent dyes (e.g. Rhodamine 6G), while
competing active-sensing spectroscopy techniques
such as normal Raman spectroscopy are 107 less effi-
cient’. Since the quantum yield of fluorescence is so
high, laser-induced fluorescence measurements can be
made of very small quantities of material or samples at
great distances. Because of these properties, two laser-
induced fluorescence instruments were selected to be
part of the Mars 2020 rover, namely SuperCam and
SHERLOC. These fluorescence spectrometers are
equipped with differing excitation wavelengths (e.g.
532 nm for SuperCam; 248.6 nm for SHERLOC) and
so will be able to excite different compounds into their
first excited singlet state and thereafter record different
regions of the electromagnetic spectrum. As the launch
date for the world’s first fluorescence spectrometers to
leave Earth approaches, the question naturally arises,
what quantities of biologically important molecules
would need to be extant on the surface of another plan-
etary body in order for a remote-sensing fluorescence
spectrometer to detect it? The purpose of this work is
to quantify the amount of material required to produce
a fluorescence spectrum and thereby bound the condi-
tions in which a future mission might find life or its
derivatives.

Fig. 1 — The compact Raman and fluorescence spec-
trometer developed at the University of Hawai'i used in
this work.

Experimental Method: A depiction of the instru-
ment used to collect fluorescence spectra is presented
in Figure 1. Fluorescence spectra were obtained by
illuminating various samples with a 532 nm pulsed
Nd:YAG laser, operating at 12.5 mJ per pulse and 20
Hz. Samples of Rhodamine 6G in water, and dissolved
organic matter in ethanol were placed 5 meters from
the collecting optic. The area of the circular laser spot
incident upon the sample was 59.87 mm?; however,
only laser light superimposed upon an image of the
entrance slit at the sample location (i.e. 9.76 mm®)
yielded fluorescent photons that would contribute to
the recovery of the desired fluorescence spectrum. The
effective sampling area, or the area where the laser
spot and entrance slit coincide, was 6.93 mm®. There-
fore, the effective laser power utilized in this experi-
ment was 1.45 mJ per pulse. Spectral light was collect-
ed by a 3” Bower mirror lens, focused through a 50 pm
entrance slit, collimated by an additional lens, diffract-
ed into two traces by a holographic transmission dif-
fraction grating, and recorded by an intensified charge-
coupled device (ICCD) manufactured by Synctronics.
Each spectra presented in this abstract was the result of
600 laser pulses.

Samples: Pure Rhodamine 6G was purchased from
the Aldrich Chemical Company, and bio-mass was
obtained by dissolving green leaf plants in ethanol. The
resulting precipitant consisted of a variety of dissolved
organic matter (DOM), most of which was chlorophyll.
Dilution series of Rhodamine 6G and DOM were pre-
pared in water and ethanol solvents, respectively, rang-
ing in concentration from one part per million (ppm) to
one part per billion (ppb). Each concentration in each
dilution series were prepared in 20 mL quantities and
placed within glass vials.

Results and Discussion: Rhodamine 6G is a xan-
thene dye renowned for its extremely high fluores-
cence quantum yield, reaching 95% QY in water”.
Since Rhodamine 6G has such a high QY, many re-
searchers have used it as a fluorescence standard
throughout the years and so its fluorescent properties
are well defined. Upon determining the limit of detec-
tion of Rhodamine 6G using the diffraction grating
spectrometer utilized in this study, the limit of detec-
tion of a variety of other compounds may be estimated
by comparing quantum yield values published in the
literature. Figure 2 illustrates the fluorescence signal
obtained after applying the experimental method de-
scribed above. Two features are present in the spectra
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shown in Fig. 2, namely the fluorescence peak of Rho-
damine 6G centered at ~ 558 nm, and three convolved
Raman peaks of water located between 640 and 650
nm. The Raman peaks of water’ shown here are a su-
perposition of the symmetric stretching mode (v,), the
anti-symmetric stretching mode (v3), and an overtone
of the symmetric bending mode (2 v,). The combined
Raman and fluorescence spectra of Rhodamine 6G in
concentrations of 1 ppm and 100 ppb are not present in
Fig. 2 because acquiring said spectra, even with a sin-
gle laser pulse accumulation, saturated the ICCD. Last-
ly, a Rhodamine 6G solution in concentration of 100
parts per trillion was prepared, but identification of the
fluorescence peak of Rhodamine 6G was not possible
given the defined experimental conditions.
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Fig. 2 — The fluorescence spectra of dilute Rhodamine
6G solutions (10 ppb and 1 ppb) in water.

Likewise, the fluorescence spectra of dilute DOM
solutions were measured and are presented in Fig. 3. In
Fig. 3, the chlorophyll fluorescence emission’ can be
seen as the broad feature occurring at 669 nm. The
remaining spectral features arise from the Raman scat-
tering of laser light by ethanol.® The key Raman fea-
tures present in Fig. 3 are the CH, symmetric stretch,
CH; symmetric stretch, and CH; anti-symmetric
stretch appearing in Fig. 3 as a triplet spectral feature
centered at ~ 630 nm, the OH stretching motions that
give rise to the broad peak centered at ~ 645 nm, and
the medley of CC, CO stretches and CH,, CH; bending
motions that produce peaks in the 540 to 580 nm re-
gion of the spectrum. The most dilute concentration of
DOM that could be measured by the experimental
method outlined earlier was the 100 ppb sample.
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Fig. 3 — The fluorescence spectra of dilute dissolved
organic matter (DOM) in ethanol (1 ppm and 100 ppb).

Summary: Fluorescence spectroscopy is an im-
portant analytical tool in the search for life and organ-
ics in the solar system because the technique’s high
quantum yield relative to other forms of active-sensing
spectroscopy, its ability to recover fluorescence spectra
even from great distances, and its ability to differenti-
ate between different classes of molecules by quantify-
ing the fluorescence lifetime decay time. As the advent
of laser-induced fluorescence in non-terrestrial envi-
ronments approaches with the launch of the Mars 2020
rover, the authors believe it’s time to quantify the limit
of detection of fluorescent proteins, polyaromatic hy-
drocarbons, etc... in order to constrain the quantities
required for detection and thus the environmental con-
ditions that would need to be prerequisite in order for
remote-sensing fluorescence instrument to detect them.
The results of this investigation will be presented at the
conference.
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