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Introduction: Here we present the H2O sorption 

properties of three hygroscopic chlorides recently 

identified in deposits on the Martian surface [1]. Be-

cause Wierzchos [2] and Davila [3] showed that deli-

quescence of halite in the hyper-arid Atacama Desert 

provides a habitable environment, the Martian chloride 

deposits also might have an astrobiological potential 

[4]. We have included in our study the hydration and 

dehydration of a biofilm because many of the microor-

ganisms on Earth are hosted by hydrophilic biopoly-

mers. As an example serves the highly desiccation 

resistant filamentous cyanobacterium Nostoc commune 

collected (dry) in the national park “Unteres Odertal.” 

In terrestrial environments, N. commune forms large 

biofilms by excreting viscous extracellular polysaccha-

rides (EPS) which play a role for desiccation and freez-

ing tolerance [5]. Finally, bentonite with montmorillo-

nite as main component is included for comparison, as 

it is identified in the Martian soil as well[6]. 

Our results are important for understanding of the 

exobiological aspects on Mars and for future missions 

such as MSL and ExoMars/MicrOmega beside the 

speciation of adsorbed H2O, hydrated and hydroxy-

lated phase on the Martian surface [7]. 

Experimental: The hydration/dehydration properties 

of Atacama halite (NaCl), MgCl2, CaCl2, bentonite 

(montmorillonite), and N. commune were investigated 

by means of isotherm measurements and thermogra-

vimetry/differential thermogravimetry (TG/DTG). 

Sorption isotherms were measured gravimetrically 

from 257-293 K with a McBain quartz spring balance 

equipped with three MKS Baratron pressure sensors 

covering a range of 10
-5

-10
3
 mbar. TG/DTG measure-

ments were performed on a Netzsch STA 409 appara-

tus with a heating rate of 3 K/min to 673 K. Prior to 

the experiments all samples were stored in a controlled 

atmosphere (evacuated exsiccator, p/ps H2O =0.79).  

Scanning electron microscopy (SEM, JOEL 

JSM640 and ZEISS Gemini Ultra Plus) was applied to 

characterize the morphology of the samples. 

Before each sorption experiment, about 100 mg of 

sample was degassed at 293 K (N. commune), 383 K 

(montmorillonite) and 532 K (salts) and p<10
-5

 mbar 

for several hours. 

Results and Discussion: Figure 1 shows the SEM 

images of halite and bentonite. Bentonite consists of 

scaly shaped particles with a N2 BET surface area of 

77 m
2
/g. Halite is almost pure NaCl with some impuri-

ties of gypsum (marked particle on the image has com-

position of gypsum: Ca, S, O,). 

 

 

 

 

 

 

 

Figure 1. SEM images of Atacama halite (left; marked 

grain is gypsum) and bentonite (right).  

 

Figure 2 summarizes the TG and DTG data for bento-

nite, N. commune and CaCl2. The mass loss (desorp-

tion of H2O) ranges from 18 wt% for bentonite to ~40 

wt% for the other samples. Halite (not shown in the 

figure) does not form hydrates above 273 K and there-

fore does not show decomposition of hydrates in the 

TG experiment (as do CaCl2 and MgCl2). Bentonite 

loses almost all of its water around 350 K (cf. peak in 

Figure 2). N. commune dehydrates in three steps start-

ing with weakly bonded water (peaks at 300 and 340 

K). Different to bentonite N. commune shows a consi-

derable mass loss at about 550 K due to dehydratisa-

tion and dehydroxylation. As could be expected 

CaCl2x6H2O decomposes stepwise at relatively low 

temperatures (cf. peaks at 370 K and 430 K). 

Figure 3 gives the H2O sorption isotherms for ha-

lite at different temperatures. As can be seen halite 

does not adsorb any water below the deliquescence 

relative humidity (DRH=75-80%) or the corresponding 
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Figure 2. TG (solid lines) and DTG (dotted lines) of 

(from top to bottom): bentonite, N. commune and 

CaCl2. 
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Figure 3. H2O sorption isotherms of halite at 263, 273 

and 293 K, filled symbols denote desorption. 

 
Figure 4. Comparison of the H2O isotherms of MgCl2, 

CaCl2 and halite (NaCl), at 293 K. 

 

water vapor pressure, respectively. However, at the 

DRH halite gains weight due to forming a saturated 

solution on the crystals surface at T<273 K [4]. 

Figure 4 compares the water isotherms of halite 

with the other chlorides at 293 K. Ca- and Mg-

chlorides form hydrates resulting here in a step-wise 

course of the isotherms. Importantly, the hydra-

tion/dehydration of CaCl2 is nicely reversible in con-

trast to isotherms of MgCl2 showing a strong hysteresis 

most probably because of kinetic effects. The DRH of 

these chlorides is much lower and amount to about 28-

33% [4] providing a liquid phase on its surface well 

below 273 K. 

The hydration and dehydration isotherms of N. 

commune are displayed in Figure 5 for temperatures of 

293 K and below. The sorbed amount of about 0.25 g 

water/g vacuum dry sample corresponds to the first 

TG-steps (weakly bonded H2O below 370 K) of N. 

commune in Figure 2.  

Figure 6 gives a comparison of the hydration and 

dehydration characteristics of N. commune with mont-

morillonite and halite as function of the relative hu-

midity. This comparison holds well for T<<293 K and 

shows N. commune as much more hydrophilic than 

halite and similarly hydrophilic as the smectite. So 

halite can provide N. commune with liquid water  

 
Figure 5. H2O sorption isotherms of N. commune at 

257, 273 and 293 K, filled symbols denote desorption. 

 
Figure 6. Comparison of the hydration and dehydration 

behavior (water amount vs. relative humidity) for 

montmorillonite, N. commune, and halite. 

 

because of deliquescence at the DRH=75-80% even 

below 273 K. 

Application of the Dubinin equation on the iso-

therm data of N. commune (Figure 5), as shown in [8] 

for the smectite, provides the data in a water amount/ 

temperature plot at a certain water vapor pressure. 

Conclusion: By knowing the water vapor pressure 

or local humidity of the planet’s atmosphere the water 

content of the biofilm or any other hydrophilic mineral 

can be determined supporting the evaluation of spec-

troscopic results from orbit or future rover missions on 

Mars. 
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