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Introduction:  The Raman spectrometers onboard 

the Perseverance and Rosalind Franklin rovers have 

the ability to identify polyatomic ions present in saline 

solutions [1–3].  Since salts are ubiquitous on Mars, 

they will likely be detected by the rovers. Furthermore, 

since salts lower the freezing point and vapor pressure 

of liquid water, they may enable deliquescence or 

melting of salt-brine mixtures at temperatures and 

pressures near the equator of Mars [4–6].   

This work aims to provide a reference Raman spec-

tral library of aqueous solutions. By comparing the 

relative intensity of peaks observed in the Raman spec-

tra, we can both compare the relative concentrations of 

multiple salts, and estimate the absolute concentration 

of each salt by comparing to known water peaks.  This 

is part of an ongoing project that will create a spectral 

library within the Planetary Database System. 

Methodology:  Six salts were added to 18.2 MΩ 

H2O (UPW) until saturated : NaCl, NaClO4, Na2SO4, 

MgCl2, MgSO4, CaCl2.  Serial dilutions (0.0001-2 

mol/kg) of 13 salt standards (Na2CO3, NaHCO3, 

NaNO3, NH4Cl, H3PO4, Na2HPO4, NaH2PO4, Na2SO4, 

NaHSO4, NaCl, NaClO3, NaClO4, NaF) were also pre-

pared.  We mixed the diluted salt standards with each 

endmember brine at a 1:3 ratio within wells on a ce-

ramic painter’s palette and immediately analyzed the 

solution with a Renishaw InVia Raman Spectrometer 

using both 532nm and 785nm lasers.  Each spectra was 

collected for 100 s, then we removed the  background 

noise normalized the spectra.  Curve fitting was per-

formed using the WiRE 4.2 software and the peak in-

tensity ratios for the solute salt standards, salts within 

the matrix brine, and water were calculated using the 

peak heights and areas.  Using the peak ratios, we con-

structed calibration curves, conducted linear regres-

sions, and produced equations that can be used to cal-

culate solute concentrations based on the observed 

spectra. 
 

Results: Of the salts chosen as near-saturated 

brines, three have an ionic characteristic which pro-

duces a Raman signature, NaClO4, Na2SO4, and 

MgSO4. Of these brines, NaClO4 produces such an 

intense peak that only NaNO3 has a Raman peak inten-

sity capable for calibration curves (fig. 1).  Otherwise, 

the salts that produce a Raman peak is strong enough 

to allow us in creating calibration curves with a strong 

certainty.  The salts Na2SO4 and NaHSO4 reacted in 

the CaCl2 brine to produce identifiable amounts of gypsum, 

thereby altering the concentrations of the ions where we 

cannot say with certainty the final concentration of the ions 
in solution. 

 
Figure 1. Raman calibration curves for NaNO3 se-

rial dilution versus near saturated endmember 

brines MgSO4, Na2SO4, and NaClO4.  Raman spec-

tra collected using a 532nm laser. 
 

The spectra collected shows a clear line of regres-

sion when comparing the more dilute solute peak 

height and area with the water peak height and area at 

1640 cm-1 as well as to the brine peaks (fig. 2). Addi-

tionally, the goodness of fit is similar to that of the 

ClO4
- peak at 940 cm- compared to the water peak in 

the UPW solution (fig. 3). 

 

Discussion:  This project shows that anions produc-

ing a clear Raman peak such as NO3
- or NaClO4

- can 

be identified in a mixed solution.  The concentration of 

these salts has a direct effect on the relative intensity 

on the peak height and area of the curves produced, 

and this change can be used in conjunction with the 

peak produced from water or the endmember brine to 

measure the concentration of the anion in solution, 

even within a near-saturated brine matrix. 

The ratio trend observed in figure three gives evi-

dence that the Raman peak intensity is not altered or 

shows evidence of any chemical bonding that would 

cause the peak intensity to be suppressed at higher 

concentrations.  The trend in ratios is strong enough to 

say that as long as there is no thermodynamic motiva-

tion for the ions to react (such as Na2SO4 + CaCl2 

forming gypsum), the ions in the solution will show up 

in the Raman spectra relative to water as if they were 

not present.  This gives us confidence that as long as 
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Figure 2. Raman peak ratios of the ClO4

- peak at 

928 cm-1 against the water peak at 1640 cm-1 from 

within the endmember brines CaCl2, MgCl2, 

MgSO4, Na2SO4, and NaCl.  Raman spectra collect-

ed using a 532nm laser 
 

 
Figure 3. Raman peak ratios of the ClO4

- peak at 

928 cm-1 against the water peak at 1640 cm-1 in 

UPW. Raman spectra collected using a 532nm la-

ser. 

 

 

both the anion and water peak are detectable, the 

concentration can be calculated from the peak of water, 

even if the solution observed is nearly saturated with a 

salt.  Indeed, if we are confident that one of the salts is 

at saturation, we can  also use that peak to provide a 

second reference by which to measure concentration of 

the less concentrated solute and provide further confi-

dence in the calculated concentrations. 

This procedure does have its limits.  Salts that do 

not include a polyatomic ion will not produce a Raman 

peak and will go undetected.  However the presence of 

these salts in solution does not significantly affect the 

peak ratios of detectable salts or the water peak at 1640 

cm-1.  Other methods will be needed to detect these 

ions. 

Conclusion:  This research shows how Raman 

spectroscopy can be used to identify and calculate the 

concentration of a polyatomic solutes if liquid water is 

detected within the sampling area.  Such a discovery 

would give support for the theory of transient liquid 

water on the Martian surface as well as provide insight 

into environmental conditions affecting habitability. 
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