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Introduction:  The search for life on the planet Mars 
began with the Viking mission (1976The absence of 
organic matter precluded any bio-signature at that 
time. These observations and recent curiosity data (ab-
sence of methane) suggest a highly oxidizing environ-
ment (1). The most likely sources of the oxidants re-
sponsible for this surface chemistry are considered to 
be the photochemical reactions in the atmosphere. The 
photolysis of water to produce hydroxyl radicals (OH) 
and hydrogen peroxide (H2O2) and subsequent diffu-
sion into the soils are often invoked to explain the 
highly oxidizing environment (2). The life time of 
H2O2 in the presence of UV light is a few seconds, thus 
preventing significant accumulation of H2O2 in the 
soils. However, as in the presnt day , the OH radical 
drives almost all tropospheric oxidative reactions and 
has a lifetime of less than 1 sec, and concentrations on 
the order of 106 cm-3.It is the high chemical reactivity 
that drives this complete dominance over molectular 
oxygen in spite of a concentration gradient difference 
of 15 orders of magnitude. As a consequence, domi-
nant reactions may have concentrations below detec-
tion limits and still  dominant drivers of chemical pro-
cesses. To measure such concentrations in the earths 
atmosphere requires sate of the art laser spectroscopic 
techniques. To measure in another planetary atmos-
phere is even more challenging. Consequently, the 
development of measurement techniqes that faithfully 
capture these processes and record them are highly 
desirable. 
    The oxygen isotopic fingerprinting of free radical 
reactions products can provide a valuable tool to iden-
tify the mechanism and oxidation pathways of reduced 
sulfur and carbon species. A recent discovery of an 
anomalous oxygen isotopic composition of atmospher-
ic carbonates by Shaheen et al., (3) suggests the role of 
heterogeneous chemical transformation on aerosol 
surfaces. The significance of this finding is that for the 
first time, it was demonstrated that a free radical reac-
tion occurs on the surface of minerals and records the 
ozone initiated reactions in spite of the rapidity of the 
reaction. Furthermore, the reaction occurs within a 10 
nanometer adsorbed waterlayer where the quantum 
driven water stucture facilitates chemistry that other-
wise may not occur in a water or gas phase reaction. 
The occurrence of such reactions in nano water layers 
has applicability in  a range of atmopsheres, including 
Mars where secondary mineral surfaces show the in-
volvement of ozone driven reactions. 

    A combination of field data and laboratory experi-
ments revealed the transfer of oxygen isotopic anomaly 
to atmospheric carbonates via peroxide (4). The oxy-
gen triple isotope analysis suggested the interaction of 
chemisorbed water on aerosol surfaces with ozone to 
yield H2O2. Similarly, heterogeneous and photochemi-
cal transformations on the martian dust clouds and 
regoliths might have played a significant role in the 
evolution of highly oxidizing environment. The high 
resolution identification of different minerals, sulfate, 
hematite, siderite, calcite, phyllosilicates and perchlo-
rates by different probes on board curiosity rover (5, 6) 
have increased our understanding of the role of water 
and oxidants in the oxidation of minerals but cannot  
provide information on the sources of oxidants and 
oxidation mechanisms.  In preparation for future Mars 
missions to analyze the oxygen isotopic composition of 
various oxidants and secondary minerals in soil and 
dust, it is imperative to design and conduct laboratory 
experiments using Mars simulantative soils (e.g. JSC-
Mars-1A) to study the formation and evolution of dif-
ferent oxidants under Martian conditions, and evaluate 
processes presently not well characterized. 

Materials and Methods:  JSC-Mars-1A was heat-
ed to 900o C for 12h to remove organic impurities in 
the soil, ground to fine powder and ~ 1g was added to 
a photocell. Ozone  of known isotopic composition 
was produced using an RF discharge and added to the 
photocell (60 µmoles) and ~25 mmoles of Millipore 
water was added. A mercury line discharge lamp 
(λ=184 and 253nm main lines) was used to irradiate 
the mixture.  Two sets of experiments were performed 
to study the interaction of surface adsorbed water on 
the soils with UV light. 1) JSC-Mars, H2O-O3-UV 
light, 2) JSC-Mars-O3-H2O. The rationale behind these 
experiments is to study heterogeneous and photochem-
ical and photoelectron chemistry on mineral surfaces 
using ozone as a natural tracer of reactivity.   TheO3 
molecule possesses a unique isotopic signature§ (δ17O 
~ δ18O ) and highest enrichment (δ17O= 65-117‰ and 
δ18O= 73-135‰ with 17∆ values of 25- 40‰) (7, 8). 

§ The enrichment or depletion of an isotope is meas-
ured with respect to standard reference value e.g. 
SMOW in case of oxygen. For example: δ18Ο = 
[18Rsa/16Rst)-1] x 1000. Here delta (δ) values denote the 
relative deviation of the isotope ratios (18R= 18O/16O) in 
a sample (Rs) with respect to standard material (Rst) 
The excess 17O is defined as:∆17O = δ 17O − 0.52 δ18O.  
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2) The ozone is readily destroyed by odd hydrogen 
radicals (H, OH, HO2) it is a sensitive tracer of odd 
oxygen chemistry that regulate the atmosphere of 
Mars. The reaction products (O2, O3, H2O2 and H2O) 
were collected and oxygen triple isotopic composition 
was measured using Isotope Ratio Mass spectrometer.    

 
Results and Discussion:   

The O-triple isotopic data (Fig. 1) shows that oxygen 
collected (Set I) after photochemical and heterogenous 
reactions in the presence of JSC-Mars simulant, H2O 
and UV light is highly depleted compared to the initial 
O3 (δ17O= 68‰ and δ18O= 69‰ with 17∆ = 32‰).This 
indicates the initial ozone oxygen isotopic enrichment 
and ( excess 17O) is transferred to in-situ produced hy-
droxyl radicals and hydrogen peroxide during these 
reactions. The depletion in oxygen seems to depend on 
the amount O content of the soil (SiO2/O3 ~50 yilded∆ 
17O = -7.3 ‰ and SiO2/O3 ~100 yilded ∆ 17O = -13.6 
‰ ) Our preliminary data also showed that H2O2 with 
positive enrichment (δ17O= 23‰ and δ18O= 34‰ with 
17∆ = 5.6‰) is produced during this reaction though 
steady state concentration is low due to UV photolysis 
(0.3 µmoles).  The set II experiment indicates simple 
O3 decomposition ((δ17O ~ δ18O) on mineral surfaces. 

 Fig. 1. Oxygen triple isotopic composition of O2 collected 
after the reaction. Set I= red square, JSC-Mars-O3-H2O-UV 
light for 18hr. Set II = green triangle, JSC-Mars-O3 H2O. Set 
I indicates photochemical transformation of oxygen reser-
voirs and set II indicates heterogenous chemical reaction of 
surfaces.  
 
The data presented here clearly indicate the signifi-
cance of recycling of O atoms via hydroxyl radcals 
from O3 to oxygen bearing minerals in the JSC-Mars 
simulant and water.  

The oxygen triple isotopes are like “gold standards” of 
extra terrestrial materials and their sources (9). The 
oxygen triple isotope analysis of the martian dust and 
secondary minerals can enable us to fingerprint role of 
transient speices (OH)x radicals, O3 and H2O in the 
oxidation pathways of the martian minerals and pres-
ence of any extinct/ extant life. Return samples from 
Mars therefore should capture the full range of multi 
oxygen isotopic analysis of all species to totally re-
solve the global system. 
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