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Introduction: Perchlorate (ClO4
−) and chloride 

(Cl−), salts are globally ubiquitous within the martian 

regolith, significantly reduce the freezing point of water 

and can absorb water vapor to form an aqueous solution 

− a process known as deliquescence. While research has 

been conducted on deliquescent salts, two questions 

remain. (1) What is the rate of deliquescence under 

martian conditions and (2) what RHl does deliquescence 

occur when the salt is mixed with regolith in a more 

representative sample size? Here, we measure the 

electrical properties (dielectric permittivity and 

conductivity) of multiple salt and simulated martian 

regolith mixtures using a large grain-supported sample 

(~8 cm3), under temperature and RHl conditions at 

martian pressures. 

Background: Deliquescence occurs when RHl 

exceeds the salt hydrate specific deliquescence relative 

humidity (DRH). Although some experimental studies 

are consistent with thermodynamic models, there are 

many salts that diverge from models (e.g., MgCl2 [1-3]) 

and phenomena that cannot be modeled such as 

efflorescence. Efflorescence occurs when RHl is less 

than the salt specific efflorescence relative humidity 

(ERH). Most salts exhibit a hysteric behavior when the 

ERH occurs at a lower RHl than DRH, leading to 

metastable brine. Note, the metastability of brine occurs 

when brine exists outside of its thermodynamically-

predicted bounds.  

The rate at which deliquescence can occur is also 

an important factor to determine when trying to 

constrain the possibility of brine on other planetary 

bodies. The amount of salt and its size may kinetically 

inhibit deliquescence as a greater amount of water must 

be absorbed from the atmosphere to fully saturate and 

dissolve the salt. Previous experiments demonstrated 

that deliquescence took >3.5 hours to begin [4], 

implying that deliquescence could not currently take 

place near Mars’ surface. This is in contrast to the rapid 

kinetics measured in minutes by others [2,5-9]. We 

hypothesize that the differences in kinetics may be 

caused by the salt grain size, since Fischer et al. [4] used 

a grain size of <300 m compared to a smaller particle 

size (1−30 m) used by the other researchers. 

Additionally, Fischer et al. [4] appeared to use a very 

concentrated amount of salt whereas the others used a 

much smaller volume of salt.  

DRH and ERH values did not appear to change 

when Mg(ClO4)2 was mixed with Mars-relevant 

minerals [10-11]. Both studies measured very small 

(sub-mm thickness and ~10 mm in diameter) amounts 

of salt-regolith mixtures since they used Raman 

spectroscopy that can only detect changes on the 

surface.  

Methodology: We mixed a 1 wt% dry anhydrous 

Mg(ClO4)2 with quartz sand with 36% porosity. It was 

loaded into a three-electrode parallel-plate sample 

holder within a custom-built Mars chamber. The 

bottom-guarded, guard, and top electrode will have 

diameters of 20, 55, 30 mm. The guard electrode is 

grounded to null fringing field, ensuring that the electric 

field lines above the guarded electrode (which it 

surrounds) are parallel up to the top electrode. A teflon 

cup/annulus cap is screwed onto the threaded guard 

electrode so that the sample can be poured into the 

sample holder. The top opening has a diameter of 45 

mm, of which the top electrode will cover 30 mm. The 

thickness of the sample will be ~5 mm and is measured 

with a micrometer attached to the top.  

Briefly, the fully-loaded sample holder is secured 

on a liquid nitrogen (LN2) cold plate inside our Mars 

chamber with resistive heaters, and temperature sensors 

to control the temperature. A vacuum pump will lower 

the pressure below that of Mars and we will then pump 

in CO2 to simulate the atmospheric composition of 

Mars. We will then add water vapor to the chamber by 

passing CO2 gas through a glass frit bubbler to humidify 

the CO2 gas and measure the water vapor pressure with 

a Vaisala DMT152 humidity sensor.  

The downside of measuring a larger sample is that 

gas and heat will take many minutes to diffuse into the 

sample, compared to the sub-mm samples measured 

previously where the temperature and RHl of the 

environment could be assumed to be that of the sample. 

However, this sample size will be more representative 

of the surface layer, meaning that the gas diffusion time 

could replicate conditions on Mars.  

Electrical properties of salt-regolith mixtures will 

be measured using a Solartron 1260A Impedance 

Analyzer and a Solartron 1296A Dielectric Interface, 

connected to a three-electrode sample holder [12-14]. 

The frequency of injected current is swept from high to 

low (1 MHz–100 mHz). Complex impedance is 

converted into complex permittivity using the electrode 

geometry. We will measure continuously to monitor the 

deliquescent behavior of the sample and determine 

when equilibrium has been reached. 

Results: Figure 1 shows how the sample changed 

throughout the temperature and RHl space. Our first 

measurement (blue lines) of the sample, showed that it 

was mostly dry, with a small low-frequency dispersion 

(LFD) [10,15]. As the sample was lowered in 

temperature and RHl (cyan lines), the LFD shifted to 
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lower frequencies and was reduced in strength. Water 

vapor was then added to the sample starting 4.5 hours, 

and was absorbed quickly (not shown), which increased 

the permittivity of the sample as well as its DC 

conductivity (green lines). Note the DC conductivity is 

the limit of the conductivity at low frequency as shown 

in Fig 1D. The RHl was held around the ERH for ~21 

hours, this allowed the sample to absorb more water, 

which resulted in a larger DC conductivity (yellow 

lines). Water vapor was then removed from the chamber 

and the conductivity responded by reducing in 

magnitude as water was lost (orange lines). We then 

removed almost all water vapor to dry out the sample 

(red lines).  

Discussion: By measuring the dielectric permittivity 

and conductivity of the sample as the temperature and 

RHl are changing, we can detect small amounts of brine 

and relative amounts of brine while the sample is 

absorbing more water vapor (i.e., green to yellow line in 

Fig. 1C and D). 

Here the sample is absorbing water vapor at the 

green line which happens to be at the ERH line instead 

of the DRH line. The sample continues to absorb more 

water vapor and deliquesces around the yellow line 

where the permittivity and conductivity drastically 

increases. The sample is then dried out resulting in a 

lower permittivity and conductivity (orange and red 

lines).  

Here we see that water absorption happens quickly, 

but deliquescence doesn’t occur until 8 hours later. 

Furthermore, this sample also deliquesced at a much 

lower RHl (~19%) than expected (~48%) at this 

temperature (–21C).  

Conclusion: These results show the that 

deliquescence can take up to 8 hours to fully saturate a 

1wt% dry anhydrous Mg(ClO4)2 with quartz sand with 

36% porosity sample at 19% RHl at –21C under 

martian pressures. From this study because the sample 

deliquesced at a much lower RHl, it seems as if the 

martian surface has the possibility of absorbing water 

vapor quickly and deliquescing. However, these studies 

need to be done at different temperatures and samples. 

We will continue to measure this rate of deliquescence 

of the sample at different temperatures and move to 

Ca(ClO4)2. 
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Figure 1. Experimental trajectory for 1wt% dry 

anhydrous Mg(ClO4)2 with quartz sand with 36% 

porosity (A) temperature (C) (B) relative humidity. 

Each colored line represents the same point from (A) 

and (B) in all four plots. (C) shows the specific points 

for dielectric permittivity of the sample and (D) shows 

the same points, but for conductivity of the sample. As 

the permittivity at low frequency increases with the 

amount of bound water or bound charges in the sample. 

The conductivity represents the amount of free charge 

(i.e., ions) that can migrate freely through the sample. 
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