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Introduction:  The presence of organic material 

has long been a speculation on the surface of Mars. 
The reason for there being no positive identification 
has been attributed to the presence of oxidizing agents 
in the martian atmosphere and soil [1-5].  

It is known that the surface of Mars is exposed to 
ultraviolet radiation, which can cause the cleaving of 
H2O into H and OH radicals. Some of the H radicals 
combine again to form H2 leaving behind the HO radi-
cals that may react with organics to form hydrogen 
peroxide (H2O2). With hydrogen peroxide, organic 
compounds are most likely converted to other organic 
molecules and/or CO2 that would not be detected with 
instruments onboard spacecraft or are difficult to dis-
tinguish from contamination [3, 4]. A variety of oxi-
dizing agents can be generated under martian surface 
conditions, such as H2O2, hydroxyl radical (˙OH), and 
perchlorates [3, 6, 7]. 

Oxidation of organic matter can proceed through a 
series of pathways under different conditions. For ex-
ample, the selectivity/variability of methane oxidation 
products is controlled by temperature, residence time 
and mineral catalysts [8, 9]. The effects of these varia-
bles on carbon isotope fractionations between products 
and reactants during kinetic-controlled reactions, how-
ever, are poorly understood. 

Here, experiments are performed to measure car-
bon isotope values of CO2 generated from acetic acid 
oxidation processes when exposed to hydrogen perox-
ide (H2O2) or magnesium perchlorate (Mg(ClO4)2). 
This study is essential in recognizing the effects of 
different oxidizing agents on carbon isotope values 
during oxidation processes. This type of fundamental 
data is critical for understanding the results returned by 
the MSL rover and may help elucidate the origin and 
evolution of organics, if present, on Mars. 

Experiments:  The Finnigan GasBench II was 
used as the experiment platform due to the precisely 
controlled temperature in its sample tray. With Thermo 
MAT 253 IRMS, carbon isotope measurement of CO2 
gas evolved from oxidation processes was performed. 
The average uncertainty of the δ13C is ± 0.5‰.  

In each experiment, 0.1 ml of hydrogen peroxide 
(50 wt%) or magnesium perchlorate (1 M) is used as 
the oxidizing agent, and placed in 12 ml vials with 
septum caps. After flushing the vials with He, acetic 
acid (reagent grade, 0.5 ml) is injected through the 
septum. A series of carbon isotope measurement of 
CO2 is performed after a certain period of time: 2 

hours, 4 hours, 24 hours, 48 hours, 72 hours and 120 
hours. To understand the effect of metal oxides on 
chemical reactions and isotope partitioning during this 
process, similar experiments were conducted with the 
existence of 0.1 g of Ni-magnetite (NiFe2O4) that was 
synthesized from inorganic material without carbon-
bearing compounds. For all of experiments in this 
study, the temperature was set at 30 oC.  

Results and Discussions:  Semi-quantification of 
the abundance of CO2 produced in the experiments is 
achieved by comparing the mass 44 peak of CO2 from 
the IRMS analysis. The results indicated that the CO2 
abundance is always higher in experiments with the 
presence of Ni-magnetite. In the experiment using 
magnesium perchlorate without Ni-magnetite, the 
abundance of CO2 is still too low to get the carbon 
isotope measurement after reaction of 120 hours. 

In experiments using H2O2, compared to the start-
ing δ13C composition of the acetic acid (-21.2‰), the 
δ13C value of CO2 (V-PDB) was lighter in experiments 
without the presence of Ni-Magnetite (Figure 1). The 
value becomes depleted in 13C for the first 75 hours, 
from -31.3‰ to -33.0‰, and then enriched (-28.7‰). 
With the presence of Ni-Magnetite, however, the δ13C 
value of CO2 was higher than that of acetic acid. In the 
first 75 hours, the δ13C value of CO2 decreases from -
4.3‰ to -7.5‰, and was constant at that value for the 
rest of the experiment (Figure 1). 

 
 

 
 
Figure 1. Time series δ13C values (‰) of evolved CO2 
from experiments with H2O2 as oxidizing agent. 
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Theoretical isotope equilibrium prediction indicat-
ed that the fractionation between CO2 and acetic acid 
at 30 oC is about 9.5‰ [10]. Our experimental results 
showed that the fractionation between CO2 and acetic 
acid (εc CO2 – acetic acid) was negative in H2O2 exper-
iments without Ni-magnetite, whereas positive with 
Ni-magnetite (Figure 2). CO2 were not in 13C equilib-
rium with acetic acid after 120 hours, suggesting kinet-
ic-driven processes during oxidation. The carbon iso-
tope measurement of CO2 for experiments using mag-
nesium perchlorate as oxidizing agent is currently un-
derway. 

 

 
 
Figure 2. Fractionations between evolved CO2 and 
acetic acid in H2O2 experiments. 
 

The higher δ13C values of CO2 in the experiment 
with the presence of Ni-magnetite may be attributed to 
the different reaction pathway involved in oxidation 
processes. Hydroxyl radical (˙OH) can be produced 
through the Fenton reaction with Ni-magnetite [11]: 

  OHOHFeOHFe 3

22

2  

With ˙OH as the ultimate oxidizing agent, the reaction 
pathway and organic intermediate(s) may be different 
than in the experiments with H2O2 only, resulting in 
different isotope partitioning. This hypothesis can be 
proven by experiments using different oxidizing agent 
(magnesium perchlorate), identification of chemical 
compositions in liquid and on mineral surfaces and 
corresponding measurement of carbon isotope values, 
which are in progress. 

Conclusions:  Carbon isotope measurement of 
CO2 evolved from acetic acid oxidation experiments 
suggested that organic intermediates and reaction 
pathways may be different with different oxidizng 
agents, which control the isotope values of CO2 and 
other organic compounds. Considering the high oxida-

tion state in martian atmosphere and upper subsurface, 
assessment of controlling factors associated with or-
ganic oxidation may be instrumental in understanding 
the history of carbon-bearing compounds on Mars. 
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