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Introduction:  Despite the fact that each year an 

estimated 2.5 x 10
5
 kg of organic material is delivered 

to the surface of Mars in the form of interplanetary dust 

and other particles smaller than 1mm [1], the Viking 

GC/MS instruments detected no organic molecules 

down to the parts per billion level [2].  This was inter-

preted to be the result of a Martian surface that was 

hostile to reduced carbon, with previous experimental 

results pointing to organic destruction via direct photo-

loysis and/or chemical oxidation [3,4].  However, re-

cent work has shown that Viking may have missed de-

tecting certain Martian organics for two reasons: first, 

the pyrolysis maximum pyrolysis temperature  of the 

Viking instrument might have been too low to drive off 

some organics [5]; second, the highly-oxidizing Mar-

tian surface may have combusted any organics present 

during pyrolysis, the result being that only CO2, and no 

organic fragments, would have been evolved during 

analysis [6].   

Most meteoritic organic matter is in the form of ke-

rogen, a complex class of generic organic molecules.  

Benner et al. show that when kerogens are oxidized, 

they form several decay products that they claim are 

stable to UV photolysis, and that an estimated 10% of 

the original meteoritic organic material could accumu-

late as a metastable decay product, with mellitic acid 

(benzenehexacarboxylic acid) being identified as a 

prime candidate [7].  Importantly, mellitic acid is a 

fairly refractory organic molecule and might not have 

been driven off below 500° C, the peak temperature of 

the Viking ovens.    

   For the first time since Viking, the Phoenix Lan-

der carried an instrument capable of detectiving organ-

ic material, the Thermal and Evolved Gas Analyzer 

(TEGA).  TEGA had eight single-use ovens that could 

hold up to 35µL of Martian soil.  Each oven could be 

heated up to 1000°C with the resulting pyrolyzate be-

ing analyzed by a magnetic sector mass spectrometer 

with a mass range of 2-140 AMU.  Samples for TEGA 

were gathered from the top few centimenters of soil at 

the Phoenix landing site.  During pyrolysis,  TEGA 

detected a low temperature release of CO2 between 

200-600°C for several of the Phoenix soils. This low 

temperature release of CO2 can be attributed to 1) de-

sorption of adsorbed CO2, 2) thermal decomposition of 

Fe- and Mg-carbonates, and 3) combustion of organic 

molecules.   

Experimental Setup:  To investigate the possibili-

ty that TEGA detected Martian organic molecules, we 

have constructed a TEGA-like instrument  capable of 

first irradiating solid samples then pyrolzing the irra-

diated sample, measuring the released gases with a 

quadrupole mass spectrometer.  In order to measure 

trace species during irradiation and pyrolysis, the expe-

riments are done under vacuum, generally at less than 

10
-6

 torr.   

To date, we have analyzed 3 different organic mo-

lecules in our setup: mellitic acid, trimellitic acid, and 

sodium benzoate.  We have chosen to investigate or-

ganic molecules that are similar to mellitic acid but that 

have a different C/O and C/H ratio to see how the 

overall oxidation state of the initial product affects our 

results. 

Methods:  To simulate being in soil, the organic 

sample is mixed with a 99% pure SiO2 powder that has 

been baked under vacuum at >500° C using a propane 

torch for 10-15 minutes in order to remove water and 

organic contaminants.  The organic sample is then 

weighed and mixed into the SiO2 powder so that the 

resulting mixture contains ~5% organic by weight.  

15mg of this material is put onto a copper stand with a 

depression 1mm deep and 10mm in diameter.  The 

system is then sealed and pumped down to ultra-high 

vacuum. 

We irradiate the sample with a 150W xenon UV-

enhanced arc lamp.  The photolytic products are meas-

ured by a residual gas analyzer capable of detecting 

products from 10
-13

 to 10
-4

 torr in magnitude.  The 

sample is irradiated until there is no detectable signal 

from photolytic products. 

After irradiation, the sample is heated to a tempera-

ture of 750° C by a cartridge heater mounted inside the 

sample stand.  The thermal decomposition products are 

also monitored by the RGA. 

Results:  We find that mellitic acid, trimellitic acid, 

and sodium benzoate are not stable to UV photolyis; 

however, none of these organics are completely de-

stroyed and all are detectable by pyrolysis.  Additional-

ly, by comparing the integrated amount of mass 41 

(C3H5) to mass 44 (CO2) given off during pyrolysis, we 

see that a signature of the original elemental composi-

tion is apparent during thermal decomposition (see 

figure 1).  We use C3H5 as a proxy for reduced carbon 

fragments as it is released in detectable quantities for 

all of our samples and CO2 for oxidized carbon as it is 
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generally the most abundant oxidized carbon species 

released during irradiation and pyrolysis.   

 

 
Figure 1 is a plot of the ratio of the integrated amount of mass 41 

and 44 given off during pyrolysis vs. the C:O ratio of the parent 

organic. The data suggest that the amount of reduced organic frag-

ments given off during pyrolysis varies linearly with the initial C:O 

ratio of the pre-irradiated organic material.   

 

As shown in table 1, we find that thermal decompo-

sition under vacuum does not oxidize all organic frag-

ments to CO2.  This is important for the implications it 

has with respect to Viking and TEGA results. 

 

Table 1 - Pyrolysis Products (in order of de-

creasing abundance) 

Mellitic Acid Trimellitic Acid Sodium Benzoate 

H2O CO2 CO 

CO2 CO CO2 

CO C4H2 C6H6 

O2 C3H3 C3H3 

 H2O C4H3 

 

Implications:  Our results have important implica-

tions regarding the potential for organic molecules on 

Mars.  First, we show that UV irradiation does not 

completely destroy all organic molecules.  This is con-

trary to current widespread beliefs about the destruct-

tive potential of UV photolysis.   Furthermore, we 

show that some of the organics that could survive Mar-

tian UV conditions are the same molecules that are 

resistant to chemical oxidation.  Considering the fact 

that the GC/MS on the Viking lander as well as the 

TEGA instrument on the Phoenix Lander did not detect 

any organic fragments but did detect CO2, we can post-

ulate one of three possible conclusions based on the 

fact that we detect both CO2 and organic fragments:   

1.) The Martian near surface environment is hos-

tile to organic matter,  or 

2.) The organics on Mars have been oxidized to 

the point where they only release CO2 during 

pyrolysis, but not by UV irradiation, or, 

3.) Perchlorate or another oxidizing agent present 

in the Martian soil, oxidizes any organic frag-

ment to CO2 during pyrolysis. 

 

Discriminating between scenario 1 and 2 is not in 

the perview of this research.  However, we plan to in-

clude perchlorate in our soil-organic mixture to inves-

tigate the effect of perchlorate on irradiation products 

as well as its oxidative potential during pyrolysis. 

Lastly, if we assume that the CO2 signal seen by 

TEGA was a result of Martian organics, we can use our 

results to infer the C:O ratio of the parent organic ma-

terial.  Though TEGA did not detect any organic frag-

ments directly, it did measure a background level for 

mass 41 which we can use to constrain the upper limit 

of the mass 41/44 ratio of Martian organics.  By com-

paring this measured ratio with our laboratory data, we 

can place some constraints on the C:O ratio of original 

organic matter. 
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