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Introduction: Hydrogen (H2), nitrogen (N2) and car-

bon monoxide are the most abundant molecular con-
stituents in astrophysical environments, including pro-
tostellar nebulae. Although some organic molecules 
may be produced on very long timescales by the irra-
diation of ices formed on the cold surfaces of interstel-
lar grains [1], pre-solar organics could be swamped by 
the efficient conversion of nebular H2, N2 and CO to 
simple organic materials.  

Surface-mediated reactions. While it is unknown 
what exact process or combination of processes pro-
duced organics that are found in meteorites or are de-
tected in comets and nebulas, one particular method 
that forms organics are Fischer-Tropsch type (FTT) 
reactions. Fischer-Tropsch type synthesis produces 
complex hydrocarbons by hydrogenating carbon mo n-
oxide via surface mediated reactions. The products of 
these reactions have been well-studied using ‘natural’ 
catalysts [2] and calculations of the efficiency of FTT 
synthesis in the Solar Nebula suggest that these types 
of reactions could make significant contributions to the 
composition of material near three AU [3].  We use FTT 
synthesis to coat Fe-silicate amorphous grains with 
organic material to simulate the chemistry in the early 
Solar Nebula. These coatings were found to be com-
posed of macromolecular organic phases [4]. Previous 
work also showed that as the grains became coated, 
Haber-Bosch type reactions took place resulting in 
nitrogen-bearing organics [5]. 

We are running experiments that show the change 
in these surface-mediated reactions as the samples 
themselves become increasingly coated with organics.  

Experiments:  We circulate CO, N2, and H2 gas 
through Fe- amorphous silicate grains that are main-
tained at 300°C. The gases are passed through an FTIR 
spectrometer and are measured to monitor the reaction 
progress.  Each cycle begins with 75 torr N2, 75 torr CO, 
and 550 torr H2 before the grains are brought to tem-
perature. After the gas has circulated for a predeter-
mined amount of time (typically 400 hours at 300°C), the 
heating element is turned off and the gas is pumped 
away. Ideally, we repeat this process until the reaction 
appears to have reached a plateau.  

Results:  As predicted, the reactivity of the surface 
changes as organics are deposited on the sample. Fig-
ure 1 shows the change in the amount of ‘CN’ sites 
detected during three different runs using the same 
initial sample.  The only difference between the runs  

Figure 1:  Unprocessed infrared ‘CN’ data from three sepa-
rate runs. The initial sample in set 1 was unreacted amor-
phous Fe- silicate grains. Set 2 uses the same sample but in a 
consecutive run, i.e., the material has now been contaminated 
with an organic coating from Set 1. Set 5 shows data using the 
same IR peak, same experimental conditions, but the coating 
on the sample has changed as it had gone through four previ-
ous runs/sets. 

 
(or sets) is the amount of coating deposited on the 
sample surface. The first set is the initial run and un-
derstandably there is little to no change.  However, 
once the surface accumulates a coating, we observe an 
increase in the CN sites using FTIR spectroscopy. Fig-
ure 2 shows the same type of change in the reaction  

 
Figure 2: Methane slope (IR peak data at 3015cm-1/time) 
versus set number. Note the change in rate with each 
successive run/set. 
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rate using methane, CH4. In this figure, the reaction is 
shown as a change in slope rather than as unprocessed 
data. The methane data trend for each run/set is essen-
tially linear; therefore, we plotted the slope of the linear 
regression for each set. Figure 2 is a plot of these 
slopes versus the set number and it is clear that the 
reaction rate is indeed changing over each successive 
run.  

Discussion:  These experiments show that Fischer-
Tropsch reactions are affected by surface type. Indeed, 
we observe that the reactivity of the surface changes 
with each successive run. This tells us that what is 
considered ‘contamination’ in industry is beneficial to 
our experiments. The observation that is of particular 
interest is that ‘CN’ increases as the number of reaction 
sets accumulates. The only change in each experimen-
tal set is the organic coating deposited on the sample. 
The Haber-Bosch type reaction does not appear to take 
place until this coating appears.  

These experiments show that these types of reac-
tions are an effective process to produce hydrocar-
bons. Upcoming experiments will follow the same pro-
cedure but at different temperatures. We also plan to 
use different substrates such as amorphous Mg- sili-
cate. Solid samples will be analyzed using FTIR, GCMS 
(including pyrolysis) and potentially by NMR spec-
troscopy. Extraction techniques will also be used to 
analyze the organic coatings. 

Overall, organics generated in this manner could 
represent the carbonaceous material incorporated in 
comets and meteorites. Dust grains falling into a pro-
tostellar system would provide the surfaces that pro-
mote the reaction of H2, N2 and CO into both volatile 
organics and a macromolecular coating that continues 
to promote the formation of organic materials. Al-
though the reaction is most efficient in the innermost 
regions of the nebula this is not a significant problem 
as the reaction products as well as the coated grains 
can migrate back out to the far reaches of the nebula, 
thus seeding the entire nebula with the organic build-
ing blocks of life.   
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