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Results and Discussion:  Figure 1 shows the re-
sults of the isotherm measurements down to 257 K on 
chabazite as an example of a common natural zeolite.  

Introduction:  Recently documented results of the 
Mars Odyssey spacecraft [1] using the Gamma-Ray 
Spectrometer Instrument Suite [2] show deposits on 
Mars with 2-11% water-equivalent hydrogen by mass 
for equatorial latitudes between ± 45°. Because of the 
present martian thermal conditions this water can not 
be liquid bulk water or water ice and it was referred to 
in [3] as to be at last partially “adsorption water”. The 
possible presence of water-bearing minerals under 
martian surface conditions was evaluated in [4] (zeo-
lites and clays) as well as in [5] (magnesium sulfates). 
Spectral evidence for the existence of zeolites in the 
dust of Mars was given in [6] and for other materials 
such as nontronite, gypsum, kieserite, hematite and 
others from OMEGA experiments [7]. We have ex-
perimentally evaluated the water sorption properties of 
several of these minerals close to martian surface con-
ditions (temperature and partial pressure of water in 
mid- and low-latitudes) to contribute to a better under-
standing of the rather high water concentrations in the 
martian regolith as discussed above. 

 
Figure 1  Water adsorption isotherms for chabazite at 
257, 275, 293 and 313 K; filled symbols denote de-
sorption, the dashed line indicates the relative water 
pressure on the martian surface. Experimental:  The sorption properties of water in 

chabazite (Wassons Bluff, Nova Scotia), clinoptilolite 
(sample 27054), montmorillonite (STx), nontronite 
(NG-1) and magnesium sulfates (Fluka) of different 
hydrate states were investigated by means of isotherm 
measurements, thermogravimetry (TG), differential 
scanning calorimetry (DSC), and 1H MAS NMR. 

 

Sorption isotherms were measured gravimetrically 
from 257-313 K with a McBain quartz spring balance 
equipped with two MKS Baratron pressure sensors 
covering a range of 10-5-10 mbar. The results of the 
measurements of the clays were extrapolated down to 
193 K using the well known Dubinin equation to ob-
tain isotherm data for even lower temperatures. 

The TG/DSC measurements were performed on a 
SETARAM TG-DSC 111 apparatus with a heating 
rate of 3 K/min up to a temperature of 673 K. Prior to 
the experiments the samples (zeolites and clays) were 
loaded at a relative water pressure of 0.3. 

Figure 2  Water adsorption isotherms for montmorillo-
nite at 257, 275, 293 and 313 K; filled symbols denote 
desorption, the dashed line indicates the relative water 
pressure on the martian surface. 1H NMR experiments were carried out on a 

BRUKER AVANCE 400 spectrometer with a Larmour 
frequency of 400 MHz and a magnetic field of 9.4 T. 
The spinning rate (MAS frequency) of the (water satu-
rated) samples was10 kHz. 

 
As can be seen chabazite accommodates up to 0.2 

g/g water at 257 K and ~0.001 mbar (see dashed line 
in the figure) which is the approximate partial pressure 
of water on the martian surface. Increasing tempera-
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tures lower the water content of the material but even 
at 313 K about 0.05 g/g water is held by this zeolite. 

Figure 2 gives the water adsorption isotherms for 
montmorillonite over the same temperature range. 
Compared with chabazite, the isotherms for mont-
morillonite are shifted towards higher equilibrium 
pressures, indicating a lower strength of interaction of 
the water in the void volume of the montmorillonite 
(the interlayer region). In this case lower temperatures 
(213-233 K) are needed to adsorb similar amounts of 
water (0.08 to 0.04 g/g, see Figure 3).  

Figure 3 shows the results of the extrapolation 
applying the Dubinin equation to the measured data for 
montmorillonite. 
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 Figure 3  Extrapolated water isotherms on montmoril-
lonite at 193, 213 and 233 K based on the measured 
data from Fig. 2. 

 
Table 1 summarizes the TG and DSC data for cha-

bazite and montmorillonite, together with data for the 
other minerals including the magnesium sulfate hy-
drates. The desorbed amounts of water range between 
1 and 0.18 g/g and correspond well with the values of 
the isotherms (zeolites and clays) and the molar water 
content of the sulfates, respectively. 

A comparison of the integral heats of desorption 
(last column in Table 1) is interesting because these 
values allow an estimate of the stability of the hydrated 
phases under certain condition of temperature and 
pressure (see [3]). The two zeolites chabazite and cli-
noptilolite remain hydrated (at least partially) over the 
measured temperature range of the isotherms, whereas 
the clays (nontronite and montmorillonite) do not. Ac-
cordingly, the integral heats of desorption are lower by 
about 10 kJ/mol, although this is still higher than the 
enthalpy of sublimation of ice (50.87 kJ/mol). 

The integral heats of dehydration of the sulfates 
(see Table 1) depend on the hydration state of the sul-
fate and range between 59 and 85 kJ/mol. These values 
are all higher than the heat of sublimation of ice, 

Table 1  Results of the TG/DSC measurements: sorp-
tion capacities (a) and integral molar heats of desorp-
tion (dehydration) (Qint) of water for zeolites, clays 
(p/ps=0.3) and magnesium sulfates. 
Material a in g/g Qint in kJ/mol 
Chabazite 0.270 73.6 
Clinoptilolite 0.090 70.8 
Nontronite 0.230 63.3 
Montmorillonite 0.173 64.6 
MgSO4x7H2O 1.052 58.9 
MgSO4x6H2O 0.936 59 
MgSO4xH2O 0.183 85 

 
and the magnesium sulfate should be stable (at least as 
monohydrate) at those conditions of temperature and 
vapor pressure on the martian surface. Therefore, wa-
ter can still exist as adsorption water or hydrate water 
in regions on the upper martian surface were water ice 
has disappeared via sublimation which is in agreement 
with the mentioned Mars Odyssey data. 
 
Table 2  Preliminary results of the 1H MAS NMR for 
zeolites, clays and magnesium sulfates. 
Material Chemical 

shift in ppm 
Remarks 

Chabazite 4.6 mob. water maily
Clinoptilolite 4.1 75% chem. bon. 
Montmorillonite 4.3 80% mob. water 
MgSO4x7H2O 5.3 chem.bon. manly
MgSO4x6H2O 5.7 chem. bonded 
MgSO4xH2O 9.0, 5.3 chem.bon.2 types
Kieserite 8.5, 5.3 chem.bon.2 types

From the NMR results (see Table 2) some informa-
tion about the mobility of the hydrate water in the 
samples can be obtained. As expected the hydrate wa-
ter in the sulfates is chemical bonded and less mobile 
than the water in the zeolites and clays. Most of the 
adsorbed water in chabazite and montmorillonite is 
mobile (on the time scale of the NMR experiment, 10 
µs) which might be important for adsorption-water-
triggered chemistry and hypothetical exobiological 
activity on Mars. 
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