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Our team has developed a µ-Raman instrument at 

NASA Langley Research Center for detection of 

minerals, organics and biological materials within a 

target distance of 6-20 cm, possessing a 10-micrometer 

resolution with a line shaped laser spot size 10 µm x 5 

mm under the PICASSO program. This Organic and 

Biological Scanner (OrBis) is based-on our micro-

Raman instrument, which uses the pulsed time gated 

Raman technology capable of operating in daylight 

while minimizing contribution from background 

radiation. The standoff measurements from the OrBis 

sensor on a lander platform are ideal for identifying 

various types of minerals, organics and biogenic 

materials. The OrBis employs a one-inch diameter optics 

instead of a telescope and a 20 µJ/pulse laser energy, 

allowing for measurements from several centimeters 

(e.g., 6- to 20-cm) and does not require precise focusing 

on the sample due to large sampling depth.  This 

instrument can be mounted on the lander’s platform for 

in-situ measurements and on the robotic arm for close-

up Raman inspection of minerals, organic, biological 

materials, biomarkers, ice and embedded materials 

inside ice.  

Raman spectroscopy uses an active laser 

interrogation with targets and has a number of 

advantages over passive spectroscopy—mainly the 

sharpness of spectral features for minerals. This allows 

for much less ambiguous detection of specific species, 

especially in the presence of mineral mixtures. In 

addition, Raman spectroscopy can be used to detect the 

presence of past or present life. The detection of specific 

biomarkers is a sign of life forms whether extant or 

extinct. Amino acids, the ‘building-blocks’ of proteins, 

have been identified as high-priority biomarkers in the 

search for evidence of life on planetary bodies1 and are 

part of a biological system that could provide potential 

evidence of life on Mars and Europa. Acosta-Maeda et 

al (2014) and Abedin et al (2018) used standoff Raman 

spectroscopy technique to characterize and identify 

amino acids that are important to find evidence of past or 

present life on Jupiter’s moon Europa, Mars, and other 

planetary bodies.2,3  

During our research study, we characterized various 

samples, e.g., water, water ice, minerals, organics, and 

biogenic or biomarkers using the OrBis instrument. In 

this abstract, we discuss only the results of studying 

water, ice water, minerals, and green/yellow/dry leaves. 

Figure 1 depicts the low and high frequency regions in 

the Raman spectra of water and ice obtained with the 

OrBis system. This Raman sensor system has been 

demonstrated to have an excellent ability to measure the 

symmetric and antisymmetric stretching O-H vibrational 

modes of water molecules that can be found in the 3100-

3600 cm-1 region of their Raman spectra, as can be seen 

in Figure 1 in the spectra of water and ice.4 In the 

measured Raman spectrum of ice, the location of the 

band is in the same region as that of liquid water, but it 

is distinctively characterized by a very sharp peak at 

3174 cm-1. The formation of stronger hydrogen bond in 

ice causes the decrease in frequency of the symmetric O-

H stretching mode of water molecules. Therefore, 

detection of Raman bands in this region does not only 

indicate the presence of water; the shape of the spectrum 

can also be analyzed to distinguish between liquid water 

and ice. 

 

Fig. 1. Low- and high-frequency Raman spectra of 

liquid water (red) and ice (black) at 6 cm target 

distance. 

Figure 2 shows the Raman spectra of Alabaster in 

air and inside ice. Alabaster (CaSO4.2H2O) is massive 

fine grained variety of gypsum and has similar chemistry 

as Gypsum. In this Figure 2, we show the ability of the 

OrBis Raman system to detect hydrated sulfate mineral 

CaSO4.2H2O in frequency region, 100 to 4500 cm-1, 

from a distance of 6-cm. The fingerprint Raman bands of 

this mineral are marked on the spectra. The symmetrical 

stretching mode of sulfate ions in CaSO4.2H2O is 

observed at 1009 cm-1, respectively. Very strong bands 

near 3100–3500 cm-1 in the Raman spectra of hydrous 

minerals indicate the O-H stretching modes of a 

chemically bonded water molecule. The chemically 
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bonded water molecules in alabaster are observed at 

3410 cm-1 and 3496 cm-1 as shown in Figure 2(a). The 

Raman spectra of mineral alabaster outside/inside ice are 

shown in the low and high frequency regions in Figure 

2. The low and high frequency spectra show a few sharp 

peaks at around 1007, 1134 cm-1 (low) and 3415, 3502 

cm-1 (high) in Figure 2 (b).5 An extra peak detected at 

3174 cm-1 is due to ice sharp peak. These experiments 

show that standoff OrBis instrument will be able to 

detect and identify various minerals frozen inside ice, 

provided by the lander for in-situ analysis on the icy 

surface of Europa.  

 

 
 

Fig. 2. Raman spectra of mineral alabaster in dry (a) and 

alabaster embedded inside ice (b). 

Furthermore, we obtained three locally-grown 

leaves, which are (1) green leaf, (2) yellow leaf, and (3) 

dry leaf; all of which were evaluated using a fixed gate 

width of 120 ns. Figure 3 shows the high frequency 

region of the Fluorescence spectra of the leaves, where 

the fluorescence band, due to chlorophyll-a, centered 

around 687 nm, 683 nm, and 677 nm are observed in the 

spectra of green, yellow, and dry leaves, respectively. 

The presence of 687 nm fluorescence band in the 

spectrum of the green leaf is attributed to chlorophyll-a 

in the leaf.6,7 The fluorescence band has much higher 

intensity in the green leaf compared to that in the yellow 

or dry leaves, which are also shifted toward lower 

wavelengths as compare to green leaf. These differences 

are due to the decay of chlorophylls in the yellow and 

dry leaves.8,9 Again, the lifetime of fluorescence in the 

green leaf is shorter as compare to yellow and dry 

leaves6,9. 

 
Fig. 3. Fluorescence spectra of dry (red), green (black), 

and yellow (blue) leaves with a fixed gate width of 120 

ns. 

In summary, we have presented results of Raman 

spectra of water, ice-water, alabaster (dry), alabaster 

embedded in ice, and different leaves (green, yellow, and 

dry) from a 6-cm distance under bright room light using 

standoff Organic and biological Scanner (OrBis) system. 

We believe that these µ-Raman measurements can assist 

in determining the biological potential for habitability 

assessment of Mars and icy satellites as well as amino 

acid detection for evidence of past or present life on Mars 

and Europa. Therefore, NASA needs this OrBis system 

with greater sensitivity and faster detection for planetary 

surface exploration programs. 
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