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Introduction: The Mars Oxidant and Radical 

Detector is an instrument designed to characterize the 
reactive nature of the martian surface environment. 
Using Electron Paramagnetic Resonance (EPR) 
techniques, this instrument can detect, identify, and 
quantify radical species in soil samples, including those 
inferred to be present by the Viking experiments. This 
instrument is currently funded by the Mars Instrument 
Development Program and is compatible with the Mars 
Science Laboratory mission. 

Viking Results: The Viking Landers showed that 
the addition of water to a martian soil sample produced 
an unexpected release of excess oxygen [1], that 
radioactively labeled nutrient solutions were 
decomposed upon contact with the soil [2], that 
chemical rather than biological reactions were 
modifying the liquid reagents of the life detection 
experiments [3], and that the martian soil was free of 
detectable organic material [4]. The most widely 
accepted explanation of these results is the presence of 
one or more reactive compounds in the soil at the 
parts-per-million level which actively destroy both 
primitive and meteoritic organic molecules [5]. The 
specific nature of this reactive phase, including 
composition, mechanisms of formation, and interaction 
with biomolecules, has not yet been identified.   

Testable hypotheses: A number of explanations 
for the unusual reactivity of the martian soil have been 
proposed [6], many of which involve the presence of 
active oxygen species [1, 4]. Experiments under simu-
lated martian conditions, for example, have shown that 
superoxide radical ions, O2

-, form readily on mineral 
grain surfaces [7]. The stability, mobility, and reactivity 
of O2

- is consistent with the results of the Viking Lander 
investigations. O2

- as well other likely candidates for the 
martian oxidant are paramagnetic in nature and can be 
readily detected in native form by Electron Paramag-
netic Resonance (EPR) spectroscopy techniques.  

EPR: Electron Paramagnetic Resonance 
spectroscopy is likely the most sensitive technique for 
characterization of atoms and molecules with unpaired 
electrons. Detection limits achievable in the laboratory 
are better than 1011 unpaired electron spins per cubic 
centimeter of sample. Thus, active oxygen species 
present at tens of part-per-trillion are routinely 
analyzed with laboratory hardware. For the Mars 
Oxidant and Radical Detector, we expect a sensitivity 
at the parts-per-billion level, which would easily detect 
the reactive compounds and other paramagnetic 
species present at the Viking sites.  

Spin state transitions:  The spins from unpaired 
electrons (S=1/2) behave as tiny magnets, and when 
placed in a magnetic field these electrons will align 
either parallel or antiparallel to the field. The unpaired 
electron can be made to transition between the two 
states (Zeeman energy levels) by absorption of micro-
wave energy. When the microwave energy matches the 
energy difference between the Zeeman levels (reso-
nance), energy absorption takes place and this is de-
tected by EPR. By recording the frequency (ν) and 
applied magnetic field (H0) where the resonance oc-
curred, one can determine the g-values of the spectra 
(g=hν/βH0, h, Plank’s constant; β, Bohr magneton). 
These g-values are diagnostic characteristics of the 
paramagnetic species and are used to determine which 
radicals or defect centers are responsible for the signal. 

Samples:  With microcrystalline, powdered, or 
glassy samples, the resulting EPR spectrum is a super-
position of resonances from paramagnetic centers in all 
possible orientations with respect to the applied mag-
netic field, H0. The principal values of the magnetic in-
teraction tensor (gxx, gyy and gzz) are obtained from the 
peaks and inflection points of the EPR spectrum [8, 9]. 
These parameters are used for identification of para-
magnetic species. Thus, with powdered samples, such as 
ones we would obtain from a landed platform on Mars, 
one can obtain resonance from centers of all the orienta-
tions in a single scan. Figure 1 illustrates the superposi-
tion of radical signatures on iron-containing samples, 
showing that even in the presence of a strong Fe3+ 
background the spectra of the reactive species can be 
extracted.  

Breadboard development: Figure 2 shows the re-
cently developed breadboard of the Mars Oxidant and 
Radical Detector during data collection. A sample 
spectrum of a stable radical standard (DPPH: Di-
Phenyl Picryl Hydrazil) is also shown.  

Conclusion:  We expect EPR measurements for a 
landed Mars mission to be instrumental in developing an 
understanding of the chemical processes that actively 
destroy organic molecules. Such an understanding is 
necessary in order to pursue a biological assessment of 
the planet. 
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Fig. 1: EPR spectra of iron containing minerals with 
glycine radicals, DPPH (Di-Phenyl Picryl Hydrazil, a 
radical standard), γ-ray induced defect centers, and O2

-. 
Each of the radical signatures are present as sharp 
peaks over the broad iron background.  

 
 

 
 

 
 
Fig. 2: (Top) Our breadboard EPR during data collec-
tion. (Bottom) Spectrum of DPPH obtained by the 
breadboard instrument.  
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