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• NASA’s Phoenix mission performed scientific analysis on subsurface 
water ice in the northern arctic plain of Mars in 2008. 
• Instrumentation on board included: 

• Wet Chemistry Lab (WCL) measured ion concentrations in soil 
samples 
• Thermal Electric Conductivity Probe (TECP) measured temperature 
and relative humidity 

• The presence of salt significantly lowers the eutectic temperature of 
water (Figure 1). 
• Relative humidity (RH) affects the deliquescence of salt compounds. 

Objective: 
Determine which 

precipitated salts are the 
most soluble and therefore, 

the best to use in the 
humidity experiments. 

Modeling of evaporation done in Geochemist’s Workbench 
 

pH = 7.7 
Flow Through On 
Charge Balance: SO4

2- 

Temperature: 7˚C 

Figure 2: Minerals that precipitated upon evaporation of water from a solution.  
Those minerals  which precipitate last are the most soluble. 

Ion Concentration 

Na+ 1.4 mmol 

K+ 0.38 mmol 

Ca2+ 0.58 mmol 

Mg2+ 3.3 mmol 

SO4
2- 1 mmol 

Cl- 0.54 mmol 

ClO4
- 2.4 mmol 

HCO3
- Swapped for 

Calcite: 4.5 wt% 

Thanks to Dr. Larry Roe and Walter Graupner for technical assistance and to NASA for 
funding grant: NNX10AN81G 
[1] Chevrier, et al. (2009) GRL, 36, L10202. 
[2] Pestova et al. (2005) Rus. J. App. Chem, 78, 409-413. 
[3] Greenspan (1977) J. Res. NBS-A Phys Chem, 81A, 89-96. 
[4] Hecht, M. H. et al. (2009) Science, 325, 64-67  
[5] Kounaves, S. P. et al. (2010) GRL, 90, L09201 

FTIR Spectrometer 

Chamber 

Fiber Optic Cable 

Thermocouples 

Sample on 
 Hot Plate 

Digital Microscope 

Figure 3: As minerals precipitate, the activity of water 
decreases, therefore, the temperature at which liquid 
water could be present decreases 
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Image 2: Inside of chamber  

Figure 1. Phase diagrams of (A) NaClO4 and (B) Mg(ClO4)2 as a function of concentration 
[1,2]. As salt concentration increases, freezing temperature decreases until the eutectic 
point is reached.  

Table 1: Initial concentrations for 
the model in Figures 2 and 3. [4, 5] 
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Hecht et al (2009) concentrations plus sulfates at 7°C

Gypsum

Magnesite

KClO4

Mirabilite

Epsomite

Anhydrite

Mg(ClO4)2:6H2O

Mg(ClO4)2:4H2O

Halite

Hexahydrite

Kieserite

Bischofite

• Ion concentrations reported from WCL were put into Geochemist’s 
Workbench 
• Salts which precipitated last with the highest concentrations were 
focused on for the humidity experiments (Mg(ClO4)2) 
• Deliquescence was observed using the humidity buffer technique [3] 

• Saturated salt solutions of MgCl2 and NaCl 
• Spectral and photographic analysis recorded 

 
Objective:  

Understand what may have 
been present in the soil 

analyzed by Phoenix 
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1. Prepared sample and placed on 
hot plate in chamber 

2. Prepare humidity buffer 
(saturated salt solution) and 
place in chamber 
• NaCl 
• MgCl2 

3. Pull a vacuum and replace with 
nitrogen 

4. Observe deliquescence through 
spectral and photographic 
analysis 
 

Figure 4: Stability diagram of Mg(ClO4)2 
hexahydrate as a function of relative humidity. 
MgCl2 and NaCl humidity buffer stability lines 
are overlaid, showing deliquescence points. 
 

Figure 5: Spectra of Mg(ClO4)2·6H2O in the chamber. (A) All spectra were at 30% RH with water bands 
at 1.4μm and 1.9μm broadening and deepening as temperature is increased.  This could be because it 
is nearing the transition to liquid water. (B) Comparison of 30%RH and 75%RH at room temperature.   
Spectra show that at 30%RH, the hexahydrate is stable, while at 75%RH, the sample deliquesced and 
is liquid.  
 

Image 3: Mg(ClO4)2·6H2O sample with NaCl humidity buffer 
(75.4±0.1%RH) (A) before and (B) after deliquescence. 

• Deliquescence depends on relative humidity 
• Mg(ClO4)2 and NaClO4 both deliquesced at 75%RH at room temperature. 
• Mg(ClO4)2 at 30%RH was heated until the MgCl2 line crossed the 
Mg(ClO4)2 liquidus, indicating a change from the solid to liquid phase (Fig. 
4). Deliquescence never occurred. 

•We confirmed that hexahydrate is the stable phase of the 
Mg(ClO4)2-H2O system at ~30% RH and temperatures ranging from 
295 K to 333K. 

• There are currently calibration issues with the hygrometer. These problems 
are in the process of being resolved and will allow for the testing of other salts 
at various RHs and temperatures. 
 

From the modeling, it is concluded that Mg(ClO4)2 is the most 
interesting mineral to study because of its solubility, abundance 
and relevance to Mars.  Once the humidity chamber is fully 
functional, more experiments will continue to be run at lower 
humidities that better simulate conditions on the Martian surface.  
This will enable us to more completely understand the stability of 
liquid water on Mars. 
 

The setup for the chamber 
was designed and outfitted 

from the beginning.  No prior 
experimental capabilities 

existed before this research. 

Successful 
deliquescence! 
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