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Introduction:   

The search for life is one important goal of missions 

to Mars, other planets, and further Solar System objects. 

Therefore, upcoming lander missions require new inno-

vative techniques for in situ investigations. In recent 

years, Raman spectroscopy has been developed to be-

come an excellent laboratory tool for fast petrological 

and mineralogical investigation of terrestrial and extra-

terrestrial rocks. Consequently, Raman spectroscopy 

has successfully been proposed for operation on plane-

tary surfaces, e.g., the Raman Laser Spectrometer (RLS) 

onboard of ESA-ExoMars2020 and the Micro-beam Ra-

man Spectrometer (MMRS) onboard of NASA-

Mars2020 [1,2] missions. 

In the search for extraterrestrial life, the detection of, 

for instance, biological materials and biomarkers is es-

sential to support evidence of life outside our planet. 

However, apart from detecting biological materials, a 

high significance is given to the detection of liquid wa-

ter, water ice, and H2O/OH-bearing minerals necessary 

for biological processes as they are currently understood 

[3]. 

Besides other known techniques to detect liquid wa-

ter, water ice, and H2O/OH-bearing minerals, Raman 

spectroscopy stands out by providing unambiguous 

spectra for the identification of these various phases. 

H2O/OH-bearing minerals show, in most cases, typ-

ical Raman stretching vibrational modes between 3000 

cm-1 and 3800 cm-1. This characteristic spectral range is 

often used to study the hydration state of such samples 

or the crystal structure of ice, as well [4]. 

In the present investigation we pay special attention 

on the Raman stretching vibrational mode in the above 

mentioned range under different environmental condi-

tions. We have measured Raman spectra of H2O/OH-

bearing minerals at temperatures down to 25 K and for 

comparison in ambient air as well as in Martian-like 

CO2 rich atmosphere for accurate interpretation of data 

from future space missions. 

Samples: In this study we investigated the follow-

ing minerals: carnallite (KMgCl3×6H20) - a double hal-

ide, gypsum (CaSO4×2H2O) - a sulfate, tremolite 

(Ca2(Mg,Fe2+)5Si8O22(OH)2) - an amphibole, and 

phlogopite (KMg3(Si3AlO10)(F,OH)2) - a mica, which 

belongs to the phyllosilicates. 

These minerals have been chosen since they are: 

- H2O/OH-bearing minerals with different types of 

bonding of these constituents in their structure; 

- known as evaporation and weathering or sedimentary 

products on Earth as well as, e.g., on Mars; 

- differ in their H2O/OH content and crystal structure 

among each other. 

Sample preparation and Raman measurements:  

The samples used for the investigation were cut from 

original bulk minerals in pieces of about 

1cm×1cm×0.5cm size to fit into the vacuum chamber. 

For the measurement one large plane parallel surface 

was polished and the sample was fixed to a cold finger 

in a cryostat. The minerals were first measured under 

normal laboratory conditions (room temperature/RT, 1 

bar) in ambient air. After the cryostat was evacuated Ra-

man spectra were taken first in vacuum at RT. Then 

measurements were performed in CO2- atmosphere of 

8 mbar/300K and /200K, respectively. In the next step, 

the Raman spectra were taken in vacuum, while cooled 

down from RT to 25K in steps of 50 and 25K at the end. 

Finally, the samples were investigated under laboratory 

conditions again to check any irreversible changes in the 

minerals during cooling down and heating up cycle.  

Raman measurements were performed with a confo-

cal Raman microscope Witec alpha300 R with a spectral 

resolution of 4 cm-1. The Raman laser excitation wave-

length is 532 nm. A Nikon 10× objective was used re-

sulting in a spot size of ~1.5 µm in focus on the sample 

surface. Spectra are taken at 1 mW, which corresponds 

to a laser irradiance of 0.5 mW/µm² on the sample.  

Investigations in vacuum and under Mars-like con-

ditions were carried out in a modified Oxford cryostat 

MicrostatHiResII. The cryostat was mounted below the 

objective of the Raman microscope and results were ob-

tained by measuring through a crystalline quartz glass. 

Results: 

In Figure 1a-c the Raman spectra of carnallite, gyp-

sum, and phlogopite are shown in the spectral range be-

tween 3000 cm-1 and 3800 cm-1. Strong H2O asymmet-

ric stretching modes (ν3) are observed for carnallite and 

gypsum at RT. The hydroxide ν(OH) mode shows a 

much weaker Raman signal. This signal is visible for 

phlogopite, but non-existent for Tremolite in our inves-

tigations in ambient air as well as in vacuum. Measure-

ments made under vacuum and CO2 at 8 mbar in RT 

show no difference in the position of the Raman bands 

for carnallite, gypsum, and phlogopite.  

Carnallite exhibits a small drop in Raman intensity 

at RT in a CO2 atmosphere. While cooling down, the 

H2O band of investigated minerals undergoes spectral 
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narrowing, its peak intensity grows and positions of the 

peaks shift. A noticeable structural change of the Raman 

bands, except in intensity, can only be seen when the 

temperature decreases to 150 K and below. The Raman 

line of carnallite at RT resolves into four peaks at 25 K.  

The characteristic peaks in the Gypsum H2O band 

demonstrate no additional structure with decreasing 

temperature. Its shoulder Raman peak centered at RT 

around 3493 cm-1 experiences a temperature blue shift 

towards 3487 cm-1.  

For phlogopite a temperature red shift of the Raman 

ν(OH) band is observed. 

Discussion:  The spectra of the investigated H2O-

bearing minerals show a very clear response to super-

cooling, starting around 150 K. It is known that Raman 

spectra of liquid water with a broad Raman band and a 

local maximum around 3400 cm-1 transform to a blue 

shifted spectrum with significant crystalline peaks (lo-

cal max. at 3082 cm-1) after conversion to ice [5]. In ad-

dition, Furic and Volovšek [6] found temperature re-

lated blue shifts of all water ice Raman peaks at temper-

atures below 100 K. Peterson and Wang [7] have shown 

that hydrate metal sulfates react in loss or absorption of 

water in the mineral structure by changing the tempera-

ture, which is detectable in the molar volume. Other 

studies on, e.g., carnallite demonstrated that water-bear-

ing minerals can be divided in “ice-like” structure mak-

ers in which the H-bonding of water molecules increase 

and in structure breaker, which decompose the water 

structure in the mineral [8]. 

We conclude that our investigated H2O-bearing 

minerals are “ice-like” phases, because the “icy” pro-

cess is reversible. Control measurements at RT after su-

percooling the samples show the same Raman spectra 

as at the beginning of our experiments.  

These investigations are important for future Raman 

measurements on Mars since the coldest areas on this 

planet are around 150 K, which is about the temperature 

where transformation starts. 

Further results will be presented in an upcoming pa-

per about Raman shifts at different environmental con-

ditions of H2O/OH-bearing minerals. 
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Fig. 1: Raman spectra in the range from 3000 cm-1 

to 3800 cm-1 (Stokes shift) of a) carnallite, b) gypsum, 

c) phlogopite measured under different conditions.  
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