
 

Figure 2: Raman spectra of H2O at a distance of 5 meters 

with 12.5 mJ/pulse and an integration time of 30 s. Spectra 

of various volumes ranging 2.53 µl to 39.5 µl of H2O are 

overlaid to show the difference in intensity, including the 

background of the glass holder. 

 
Figure 1: Compact remote Raman+LIBS system devel-

oped at the University of Hawaii. The system consists of 

the following; L: Nd:YAG pulsed laser 532 nm, B: 8x 

beam expander, A: aperture, M1: folding mirror, M2: 

folding mirror, T: 3” diameter telescope, S: compact Ra-

man/ LIBS spectrograph, D: mini-ICCD detector, with a 

Pan and Tilt scanner. [5] 
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Introduction: Raman spectroscopy is a unique 

technique used in planetary science to determine the 

presence of specific molecules, and in particular, those 

that indicate life. This technique provides high confi-

dence in the detection of specific molecules based on 

their Raman-active vibrational modes [1]. NASA’s 

Mars 2020 mission will conduct the first Raman inves-

tigations on another planet, with the arm mounted 

SHERLOC UV Raman instrument [2] and the Super-

cam remote Raman system [3]. Substances such as 

water, amino acids, organics, sulfates, nitrates, oxides, 

hydrous minerals and several other molecules indica-

tive of life are Raman active and are easily identified 

with our compact remote Raman system [4-7]. Under-

standing the detection limits of the system is essential 

for making a confident identification of minute 

amounts of such molecules on a planetary surface. It is 

also useful in determining the applicability of this sys-

tem and technique to the search for life in our solar 

system. We will present the detection limits at a 5 me-

ter target distance for various pure and mixed samples 

which have astrobiological significance. 

System Set-up: The optical system used in this 

experiment consists of a frequency-doubled mini 

Nd:YAG pulsed laser source (532 nm, 10 ns pulse 

width, maximum 12.5 mJ/pulse, 20 Hz), a 3 inch diam-

eter telescope, a compact spectrograph with dimen-

sions 10 cm (length) x 8.2 cm (width) x 5.2 cm (height) 

and a mini-ICCD detector (Figure 1). Further details 

have been previously discussed in Misra et al. (2015) 

[7]. The spectra in this experiment were collected in 

laboratory conditions with indoor lights turned on. 

Samples were measured at a distance of 5 meters using 

the intensified CCD in gated mode at a 40 ns gate 

width. A short gate width helps in minimizing the 

background signal.  

Samples: The liquid chemicals (ACS grade) used 

are from Fisher Scientific. They were portioned into 

sealed glass slides for measurements of samples at 

small volumes and a tube with an optical window for 

measurements at larger volumes. In specific, KClO3 

was used for its relation to perchlorates, which oxidize 

organic molecules. Tap water from the city of Honolu-

lu, Hawai’i was used for liquid water (H2O) samples 

and were prepared in the same manner as the liquid 

chemicals. Solid samples were formed in discs of vary-

ing thickness using a 12 mm diameter steel pellet die 

and a lab press. Mixture series are of sodium stearate 

from Sigma Aldrich with either quartz grain sand of 

210-270 micron or JSC Mars-1 Mars spectral simulant 

[8]. Sodium stearate exhibits Raman features common 

to many organics, and mixed with JSC Mars-1 can help 

us understand the detection limits for organics in Mar-

tian soil. 

Results: The sampling area of this compact re-

mote Raman system at a 5 meter distance during this 

experiment was 5.6 mm2, with a 50 micron slit. This 

compact remote Raman system covers the entire Ra-
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Figure 3: Raman spectra of KClO3 at a distance of 5 me-

ters with 3.7 mJ/pulse and an integration time of 30 s. 

Spectra of various volumes ranging 2.14 mm3 to 36.7 mm3  

(1 mm3 = 1 µl) of KClO3 are overlaid to show the differ-

ing intensity at each volume measured.  

 

Figure 4: A plot of Raman intensity in millions of counts 

versus sample volume in microliters (µl) for the H2O data 

collected from a 5 meter distance. The linear trend line equa-

tion is shown, with a R2 correlation coefficient of 0.9938. 

The extrapolated x-intercept is shown to be 1.8µl which can 

be used as verification for a calculated LOD (Limit of Detec-

tion). 

man spectral range (~100 cm-1 to 4500 cm -1) with 12 

cm-1 spectral resolution [9]. Molecules containing hy-

drogen show Raman peaks in the high frequency region 

(2400-4500 cm-1). This is due to the fact that the fre-

quency associated with vibrational modes are inversely 

proportional to the square root of the reduced mass of 

the atoms involved in the molecular vibration [1]. This 

makes it simple to identify water, organics and biologi-

cal materials through their Raman spectra. Water in 

various phases gives very strong Raman signal in the 

3100-3600 cm-1 spectral region. Concerning liquid 

water, the broad Raman bands at approximately 3278 

and 3450 cm-1 are the symmetric (ν1) and antisymmet-

ric stretching (ν3) vibrational modes of the molecule, 

respectively [13]. In general, the stretching modes of 

vibrations produce the most intense Raman signal [1]. 

We present Raman spectra for a solid sample as 

well, potassium chlorate (KClO3) as a function of vol-

ume (Figure 3). KClO3 has a characteristic peak at 930 

cm-1 due to the symmetric stretching (υ1) vibrational 

mode of the chlorate ions [4].  

Discussion: For estimating limit of detection 

(LOD) for standoff Raman measurements, in our case 

at a 5 meter distance, one can use either the peak inten-

sity of a Raman line or the integrated area under the 

peak.  The intensity of the Raman peak of water (3450 

cm-1) as a function of volume suggest a limit of detec-

tion of 1.8 µl (Figure 4).  We were able to successfully 

measure 2.53 µl of water. The exact LOD for various 

samples including H2O and KClO3 will be presented at 

the conference.  

Summary: Understanding the detection limits of 

an instrument used to indicate the presence of various 

molecules is necessary to characterize the data that it 

collects on a mission. The compact portable remote 

Raman system discussed has various applications in 

planetary science, including in relation to the upcoming 

Mars 2020 mission, which has a remote Raman system 

(SuperCam). We collected spectra of various pure and 

mixed samples at a distance of 5 meters in order to 

characterize the LOD for this system, with specific 

implications for detecting molecules that are signatures 

of life on planetary bodies. The University of Hawai’i 

compact Raman system successfully detected 2.5 µl of 

H2O and 2.14 mm3 of KClO3 at a distance of 5 meters. 
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