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Introduction: The formation of abundant carbo-
naceous material in meteorites is a long standing prob-
lem [1] and an important factor in the debate on the
potential for the origin of life in other stellar systems
[2]. Many mechanisms may contribute to the iotal or-
ganic content in protosteltar nebulae, ranging from
organics formed via ion-molecule and atom-molecule
reactions in the cold dark clouds from which such ne-
bulae collapse [3], to similar ion-molecule and atom-
molecule reactions in the dark regions of the nebula far
from the proto star [4], to gas phase reactions in sitb-
nebulae around growing giant planets [5] and in the
nebulae themselves [6].  The Fischer-Tropsch-type
(FT'T) catalytic reduction of CO by hydrogen was once
the preferred model for production of organic materials
in the primitive solar nebula {1.7,8]. The Haber-Bosch
(HB) catalytic reduction of N, by hydrogen was
thought to produce the reduced nitrogen found in
meteorites. However, the clean iron metal surfaces that
catalyze these reactions are easily poisoned via reac-
tion with any number of molecules, including the very
same complex organics that they produce {9] and both
reactions work more efficiently in the hot regions of
the nebula. Both of these problems may now be moot.

We have demonstrated that many grain surfaces
can catalyze both FTT and HB-type reactions, includ-
ing amorphous iron and magnesium silicates, pure sili-
ca smokes as well as several minerals [10]. Although
none work as well as pure iron grains, and all produce
a wide range of organic products rather than just pure
methane, these materials are not truly catalysts. The
properties of these surfaces change during the course of
reaction and become more efficient as the reaction
proceeds to build up a macromolecular grain coating
that would usually serve to shut down such activity
[11]. Indeed amorphous iron silicate smokes that had
accumulated a coating comprising 10% by mass carbon
and 0.2% by mass nitrogen based on the total mass of
the sample. remained an active and very efficient sur-
face for production of nitrogen-bearing organic mate-
rials from a mixture of CO, N, and H,. More recent
work may provide a simple explanation for these ob-
servations: the carbonaceous grain coating is itself an

efficient surface for the reduction of CO and N, by
hydrogen to form a variety of organic materials.

Experimental Description: Llorca and Casanova
[12] demonstrated that FI'T reactions occur under low
pressures typical of the primitive solar nebula. Our
experiments were designed to produce mixtures of sol-
ids and organics to serve as analogs of primitive aste-
roidal material. Grains in protostellar nebulae are ex-
posed to the ambient gas for tens of thousands of years
at pressures ranging from 107 to 10 atm or less. We
do not have such times available for laboratory expe-
riments, although we can duplicate the total number of
collisions a grain might experience with components of
the ambient gas by running experiments for shorter
times at higher pressures. In our laboratory, experi-
ments last from about 3 days at temperatures of 873K
to more than a month at temperatures of 573K, If an
average experiment lasts a week (6.05 x 107s) then we
simulate two centuries (6.3 x 10%s) of exposure 1o an
ambient gas at 107" atm. by experiments at ~1 atmos-
phere. Although higher pressures could effect products
synthesized in our experiments, we believe that the
effects of temperature are much more important.

Figure 1. Simple experimental apparatus used to
circulate reactive gas mixtures over potential catalysts
at controlled temperatures and menitor the changes in
the circulating gas vie infrared spectroscopy.
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The experiments were very simple, see Figure |
[13]. We load ~25 em’ of catalyst into a glass finger
through which gas can circulate by means of a glass
tube that extends to the bottom of the finger. The fin-
ger is heated via an external mantle to a controlled
temperature. We evacuate the system o a pressure less
than ~ 0.1 torr, then fill the system with gas (75 torr
CO, 75 torr N3, 550 torr Hy) to a total pressure of 700
torr. In the case of experiments to measure the trap-
ping efficiency of noble gases we also add 25 torr of a
mixture of noble gases (49% Ne, 49% Ar, 1% Kr, 1%
Xe) to a total pressure of 725 torr. We now begin to
circulate gas using 2 bellows pump, begin heating the
finger containing the catalyst and record our first infra-
red spectrum of the gas (only CO is detected in this
spectrum} using an FTIR spectrometer. The gas flui-
dizes the catalyst. The finger is plugged at the top of
the heater using glass wool to contain the grains while
letting the gas circulate. As the experiment proceeds
we use periadic FTIR spectra to follow the Joss of CO
and the formation of methane, water and carbon dio-
xide and monitor smaller spectral features due to am-
monia and N-Methyl Methylene Imine. Gnce the CO
has been reduced to about ten percent of its starting
concentration we take a final infrared spectrum, turn
off the heater, cool the system to room temperature,
gvacuate 1t to less than ~0.1 torr, then refill the system
with fresh gas and begin a second run. Note that we do
not use a fresh batch of catalyst for this second run. By
making ~15 runs with the same catalyst, we simulate
~3000 years of exposure of grains to nebular gas and
build up a substantial coating of macromolecuiar car-
bon, nitrogen (and hydrogen).

Results for Graphite Catalyst: Graphite is not a
particufarly good FTT catalyst, especially compared to
iron powder or to amorphous iron silicate. However,
like other silicates that we have studied, it gets better
with exposure to CO, N, and H; over time: e.g., after
formation of a macromolecular carbonaceous layer on
the surfaces of the underlying grains. While amorph-
ous iron silicates required only I or 2 experimental
runs to achieve steady state reaction rates, graphite
only achieved steady state after 6 or more experiments.
We will present results showing the catalytic action of
graphite grains increasing with increasing number of
experiments and will also discuss the nature of the final
“graphite” grains after completion of our experiments.

Trapping Noble Gases in the Carbonaceous Ma-
cromolecular Grain Coatings:
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