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Introduction:  Landed on Mars on February 2021, 

Perseverance is the first rover in the history of plane-

tary exploration to be ever equipped with Raman spec-

troscopic instruments [1]. Onboard this rover, the Su-

perCam multi-analytical suite employs a 532nm pulsed 

laser to perform time-resolved Raman analyses of re-

mote targets, while the SHERLOC UV-spectrometer 

investigates the molecular composition of proximity 

targets in search of organic signatures.  

Looking ahead, a third Raman spectrometer is 

planned to be soon deployed on Mars: as part of the 

ExoMars analytical payload, the Raman Laser Spec-

trometer (RLS 20) onboard the Rosalind Franklin rover 

will perform multiple analyses (between 20 and 39) on 

powdered subsoil samples [2]. 

Beyond Mars, additional Raman spectrometers will 

be soon employed to explore further celestial bodies, 

as Phobos (the RAX Instrument for the Martian Moons 

eXploration mission MMX coordinated by JAXA is 

currently under development [3]) and Europa (Raman 

spectroscopy has been selected among the techniques 

necessary to meet the science goals outlined for the 

Europa Lander mission [4]). 

While the main objective of all the described mis-

sions is to find the possible presence of life traces (bi-

omarkers) on other planets, the main role entrusted to 

the abovementioned Raman spectrometers is to identi-

fy the mineral phases composing the geological matrix 

of the investigated samples. Indeed, although Raman 

spectroscopy could be used for the analysis of organic 

compounds, the detection limit (LOD) of conventional 

Raman analyses is incompatible with the identification 

of the biomarkers potentially preserved within the geo-

logical matrix, whose concentration is expected to be 

extremely low. 

Learning from terrestrial applications, the Raman 

detection of organics can be drastically improved by 

the use of the Surface-Enhanced Raman Spectroscopy 

(SERS) technique. As described elsewhere, SERS 

analyses rely on the use of nanometric metallic struc-

tures which plasmonic effect enormously enhances the 

Raman signal of organic compounds [5].   

Besides terrestrial applications, recent analytical 

works evaluate the potential applicability of the SERS 

technology to Planetary Exploration missions. Despite 

the promising results provided by the SERS analysis of 

astrobiology-relevant organic compounds, the rapid 

oxidation process affecting plasmonic nano emulsions 

and substrates makes their lifetime to be in the order of 

days or weeks. As this is considered to be one of the 

major drawbacks related to the application of SERS 

analysis in other planets, this work seeks to 1) analyse 

the LOD of multiple SERS nano emulsions and sub-

strates commonly used in most laboratory studies, 2) 

evaluate the evolution of their LOD as a function of 

time, and 3) define a potential solution to ensure stable 

LOD throughout the nominal time-frame of planetary 

missions (in the order of years). 

 

Materials and methods: In this work, the Raman 

analysis of several biomarkers has been performed by 

using a commercial Raman spectrometer in both con-

ventional and SERS mode. 

Organic compounds: widely recognized as key bi-

omarkers for astrobiology research, ultrapure nucleo-

tides (adenine, thymine, guanine, and cytosine) were 

purchased from Sigma-Aldrich and dissolved in milliQ 

water to obtain a set of solutions between 2·10-1 and 

2·10-15 M. 

Raman spectrometer: Raman analyses were per-

formed with the Induram system (Horiba-JY). The 

instrument is composed of a green excitation source 

(Laser Elforlight G4-30 PSU, emitting at 532 nm), 

while the spectrometer and the CCD detector are from 

a Horiba-JY Induram industrial Raman system. 

Plasmonic emulsions and substrates: Plasmonic 

nano emulsions of silver particles having spheric and 

star shapes were synthesized in the laboratory by fol-

lowing the methods described by Leopold and Lendl 

[6] and  Garcia-Leis et al. [7] respectively. Their Ra-

man enhancement was compared to those provided by 

commercial SERS substrates purchased from Silmeco 

(Denmark) and Ocean Insight (Germany) companies.  

 

Results: LOD analysis of fresh nano emulsions and 

substrates. Recently synthesized plasmonic nano 

emulsions were mixed with the biomarkers solutions at 

a ratio 1:1. For both silver nanospheres and nanostars, 

4 sets of solutions were created, in which the content 

of adenine, thymine, guanine, and cytosine varied be-

tween 10-1 and 10-15 M. Starting from the use of silver 

nanosphere, a drop of each of the prepared solutions 

was placed on a glass slide and analyzed by the Indu-

Ram spectrometer by setting constant acquisition pa-
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rameters. Depending on the analyzed nucleobases, the 

LOD of the silver nanospheres was between 10-7 and 

10-8 M, which is 4 degrees of magnitude lower than the 

LOD of conventional Raman analysis (10-3-10-4 M).  

An identical analytical study was performed using 

the solutions containing silver nanostars. In this case 

the measured LOD was up to 2 degrees of magnitude 

lower than silver nanospheres, thus enabling the detec-

tion of biomarkers down to a molarity of 10-9 (see Fig-

ure 1). Knowing that the plasmonic effect is amplified 

by the roughness of the nanoparticles, this result con-

firms that the use of complex nanometric structures 

helps to further enhance the SERS effect of the silver 

nano emulsion. 

 
Figure 1: SERS analysis of adenine solutions, us-

ing silver nanostars emulsions. The main peak at 733 

cm-1 is detected down to a concentration of 10-9 M. 

 

After further diluting nucleotide solutions with mil-

liQ water (1:1), a drop of each solution was placed on 

the SERS commercial substrates and left to dry. After 

water evaporation, their analysis were carried out using 

constant analytical parameters. In both cases, the LOD 

further lowered, thus enabling the detection of bi-

omarkers with a concentration between 10-11 and 10-12 

M. This result can be explained by the fact that water 

evaporation led to a preconcentration of the analytes 

on the SERS substrate, which facilitated the plasmonic 

enhancement of their characteristic Raman signals. 

LOD evolution as a function of time. The same lots 

of SERS nano emulsions and substrates were stored at 

5ºC and used to repeat the analysis of fresh nucleotides 

solutions after 15, 30 and 60 days. Similarly, the solu-

tions originally used to synthesize silver nanostars (sil-

ver nitrate (AgNO3), sodium hydroxide (NaOH), hy-

droxylamine (HA) and citrate (CIT)) were also stored 

and used after 15, 30 and 60 days to produce new nano 

emulsions. 

On one hand, the LOD measured from the use of 

aged nano emulsions and substrate drastically deterio-

rate with time. Indeed, by the end of the second month, 

the LOD was equal to those achieved by conventional 

Raman analysis (10-3 and 10-4 M). This results is at-

tributable to the abovementioned oxidation processes 

that completely erased the plasmonic effect of the me-

tallic nanostructures. On the other hand, the LOD 

achieved by nanostars emulsions recently synthesized 

through aged AgNO3, NaOH, HA and CIT solutions 

was in line with the results provided in the previous 

section (10-9M) , thus suggesting the plasmonic en-

hancement of silver nano emulsions is not affected by 

the aging of the solutions used during their synthesis.  

 

Conclusions: The comparative analysis summa-

rized in this work provides a clear overview about the 

main advantages and disadvantages related to the ap-

plication of standard SERS nano emulsions and sub-

strate outside Terrestrial domains. In spite of drastical-

ly improving the LOD of biomarkers, the rapid oxida-

tion of the metallic nanostructures makes the life-time 

of their plasmonic enhancement to be not compatible 

with the nominal time-frame of planetary missions (in 

the order of years). As the solutions needed to synthe-

size silver nanostars do not degrade with time, a poten-

tial solution to perform SERS analysis on other planets 

is to synthesize the nano emulsions directly on site.  

In this context, it is important to underline the puta-

tive synthesis of nano emulsions onboard a lander o 

rover must be highly reproducible and fully automated, 

as well as guarantee a minimum consumption of re-

sources. These requirements can be fulfilled by devel-

oping dedicated microfluidic systems to be used for 

both the synthesis of nanoemulsions and the SERS 

analysis of dissolved organic analytes.  

Responding to this need, the ERICA research 

group has developed a microfluidic prototype, which 

characteristics are detailed in a dedicated work (this 

issue). 
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