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abiotic processes (without life). Or they could be the molecular remains of once-living 
organisms. A new study95 has shown one possible way that these or similar organics might 
have been created on Mars. The researchers studied organics found in three Martian meteorites 
�± Tissint, Nakhla, and NWA 1950 �± and compared them to the organics discovered by Curiosity. 
They found that both sets of organic carbon were quite similar, suggesting a possible similar 
origin and hypothesized that interactions among spinel-group minerals, sulfides, and a brine 
enable the electrochemical reduction of aqueous CO2 to organic molecules.  

Figure 14�����1�$�6�$�¶�V���&�X�U�L�R�V�L�W�\���U�R�Y�H�U���I�R�X�Q�G���R�U�J�D�Q�L�F���F�D�U�E�R�Q���F�R�P�S�R�X�Q�G�V���L�Q���D�Q�F�L�H�Q�W���P�X�G�V�W�R�Q�H�V����
similar to ones previously discovered in Martian meteorites. Credit: NASA/GSFC. 

 

Figure 15. A high-resolution transmission electron micrograph (scale 50nm), from a 
transmission electron microscope, of a grain from the Martian meteorite Nakhla. The organic 
�F�D�U�E�R�Q���O�D�\�H�U�V���D�U�H���I�R�X�Q�G���E�H�W�Z�H�H�Q���W�K�H���L�Q�W�D�F�W���³�W�L�Q�H�V���´���7�K�L�V���W�H�[�W�X�U�H���L�V���F�U�H�D�W�H�G���Z�K�H�Q���W�K�H���Y�R�O�F�D�Q�L�F��
minerals of the Martian rock interact with a salty brine and become the anode and cathode of a 
naturally occurring galvanic cell in a corrosion reaction. This reaction would then have enough 
energy �± under certain conditions �± to synthesize organic carbon. Image credit: Andrew 
Steele/Science Advances.94 

 
The discovery that natural systems can essentially form a small galvanic cell that drives 

electrochemical reactions between minerals and surrounding liquid brine has implications that 
need to be considered when selecting materials, relevant to surface operations on Mars. Like 
minerals, metallic materials, such as aluminum alloys, can react with the brines and degrade 
(corrode) in the process. 
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drinking water. This prompted research efforts aimed at the elimination of perchlorate as a 
contaminant. One of the main health hazards with perchlorate is that it interferes with iodide 
uptake in the thyroid gland. Perchlorates contamination is due to the improper disposal of solid 
salts of ammonium, potassium, or sodium perchlorate. These salts are very soluble in water and 
the perchlorate is kinetically inert to reduction (by accepting electrons). Although perchlorate is a 
powerful oxidizing agent when heated, its notorious lack of reactivity at room and lower 
temperatures can be understood from the requirement that reduction involves oxygen atom 
transfer. Because perchlorate is relatively unreactive, remediation schemes involving direct 
chemical or electrochemical reduction are not effective. There are biological systems (bacteria) 
that naturally reduce and degrade perchlorate. There is a renewed research interest on 
perchlorate as a result of its presence in the Martian environment. 
 

Compounds that contain perchlorate include the oxidant in solid rocket fuel (ammonium 
perchlorate (NH4ClO4)) as well as that in fireworks, military ordinance, flares, airbags, and other 
applications, where an energetic oxidant is required. Ammonium perchlorate is among the most 
important propellants because it has a high oxygen content and decomposes into the gaseous 
phase products water, hydrochloric acid (HCI), nitrogen (N2), and oxygen leaving no residue. 
Salts of perchlorate do not function well in solid-fueled rockets after the salts adsorb too much 
water, and improper disposal has led to environmental contamination. A great deal of research 
efforts have been dedicated to its removal.34  

 

 
Figure 6. Structural formula and bond length of perchlorate anion. 

 
Even though perchlorate contains a highly oxidized central halogen atom, it exhibits low 

reactivity as an oxidant.35 The low reactivity is a matter of its kinetic rather than thermodynamic 
stability. The rate at which a reaction takes place (kinetics) is determined by the activation 
energy, EA, temperature, and other parameters that are constant for a given reaction. The 
activation energy (Figure 7) is dependent on the mechanism by which a reaction takes place. 
For example, a catalyst causes a reaction to take place faster by lowering the activation energy. 
Given thermodynamics alone, we would expect perchlorate to be reduced to chloride and 
oxidize water to oxygen. Spontaneous reactions are those that will take place by themselves 
given enough time. Spontaneity refers to the direction in which the reaction will take place but it 
is not an indication of how fast the change will take place. The rate at which chemical reactions 
take place is governed by the kinetics of the reaction. The low reactivity of perchlorate is 
dominated largely by its kinetics.29 The activation energy of ammonium perchlorate is 123.8 
kJ/mol below 240°C, 79.1 kJ/mol above 240°C, and 307.1 kJ/mol between 400 and 440°C.36 
The decomposition of perchlorates is usually initiated using a high temperature source, such as 
a glow wire, to overcome the kinetic barrier (EA). Once decomposition of some perchlorate 
molecules is initiated, the resulting reaction produces a large amount of heat. Between 200 and 
300°C, ammonium perchlorate undergoes an autocatalytic decomposition.37 At about 400°C, 
ammonium perchlorate decomposes very fast and suddenly explodes. The reactivity is a 
function of the reaction pathway. Different reaction pathways for perchlorates would have 
different barriers from that of the thermal decomposition discussed above. 
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