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Introduction: The O/OREOS (Organism/Organic 

Exposure to Orbital Stresses) nanosatellite has been 
developed as the first technology demonstration space-
craft and flight mission of the NASA Astrobiology 
Small-Payloads Program (Figure 1). O/OREOS is a 
secondary payload that will be carried to a low earth 
orbit in the spring of 2010. The satellite includes two 
separate science payload instruments that investigate 
(i) how microorganisms survive and adapt to the 
stresses of space (Space Environment Survivability of 
Living Organisms, SESLO) and (ii) the stability of 
organic molecules in space (Space Environment Vi-
ability of Organics, SEVO). The O/OREOS spacecraft 
showcases NASA’s design and development of the 
next-generation, miniaturized triple-cube satellite sys-
tems. 

 
Figure 1.  Computer-generated image of the complete 
O/OREOS nanosatellite. The wheel near the left end of 
the satellite is the SEVO sample carousel with 24 cells 
(that appear as round holes) for thin-film organic sam-
ple reaction cells. 

 
O/OREOS Nanosatellite: The O/OREOS nano-

satellite comprises a fully self-contained, autonomous, 
magnetically stabilized, light-weight space science 
laboratory with innovative environment- and power-
control techniques, sensors to monitor pressure, tem-
perature, humidity, cumulative ionizing radiation dose, 
and light intensity, and a communications system to 
telemeter data to Earth for analysis and accept com-
mands to adjust preprogrammed details of experimen-
tal execution. 

A demonstration spacecraft and flight mission, 
O/OREOS is NASA's first autonomous nanosatellite to 

carry two distinct, completely independent science 
experiments, each with its own stand-alone single-cube 
payload instrument. The SEVO and SESLO experi-
ments are contained in a pair of functionally independ-
ent single 10-cm cubes; the third cube houses a control 
bus.  

The SEVO Instrument: The SEVO instrument in-
cludes a highly capable UV-visible-NIR spectrometer, 
a 24-sample carousel, and integral optics enabling use 
of the Sun as light source for spectroscopy, along with 
the electronics, microcontroller, and data storage to 
make an autonomous stand-alone package requiring 
only a standard power-and-data interface.  

The spectrometer, from Aurora Design, provides 
1–2 nm spectral resolution, < 0.1 nm spectral band-
shift-measurement capability, 0.03 absorbance-unit 
accuracy, and covers the 200 – 1000 nm wavelength 
range. The CCD detector acquires a single spectrum in 
100 ms or less; multiple spectral acquisitions (e.g., 16 
full spectra acquired in 1.6 s) can be averaged to im-
prove signal-to-noise ratios.  To use the Sun as the 
light source for UV-visible spectroscopy, a pair of baf-
fled diffusor assemblies is included to ensure that the 
sample under interrogation by the spectrometer is uni-
formly illuminated over a 3-mm diameter spot with 
light intensity that varies by no more than ±10% for 
sun angles between –35° and +35° from normal.  Inte-
gral solar intensity sensors provide synchronous light 
intensity measurements with each spectral acquisition.  

The SEVO Experiment: The SEVO experiment 
will measure in situ and in real time chemical effects 
of exposure to the full solar UV-visible spectrum in 
space on organic molecules over the duration of the 6-
month O/OREOS mission.  SEVO is designed to study 
changes in the UV-visible absorbance of thin films of 
organic compounds deposited on optically transparent 
windows by vacuum sublimation.  The cell windows 
which are MgF2, transmit light at wavelengths as short 
as 120 nm, allowing the exposure of some test samples 
to the Sun’s hydrogen Lyman α line at 121.6 nm.   

Representative organic films from four different 
chemical classes are included in the SEVO flight unit.  
These organic compounds are: isoviolanthrene 
(C34H20; PAH class), anthrarufin (C14H8O4; quinone 
class), tryptophan (C11H12N2O2; amino acid class) and 
iron tetraphenylporphyrin (porphyrin class). 
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Reaction cell microenvironments. By using her-
metically sealed reaction cells, the time-evolving UV-
visible characterization of organic films during optical 
radiation exposure occurs with the films in direct con-
tact with an internal test environment. The environ-
ments include gases (atmospheres), catalytic or reac-
tive surfaces (dust, minerals), and water vapor (con-
trolled humidity levels), all of which can play a role in 
the chemical processes induced by optical radiation 
exposure. 

While SEVO cells do not truly replicate natural en-
vironments, their various configurations allow funda-
mental chemical processes to be examined through the 
interaction of the organics with relevant gases and sol-
ids. The results of these studies are then incorporated 
into environmental models. The four types of reaction 
cells used in the SEVO payload are: 

1) Interplanetary/interstellar cells contain a thin 
film of an organic sample surrounded by an inert argon 
atmosphere.  This will enable the monitoring of the 
direct effects optical radiation has on the degradation 
of the organic compounds, similar to what occurs in 
interplanetary/interstellar environments.   

 2) Atmospheric cells contain an atmosphere of O2, 
and CO2 gas in contact with the organic film. This mi-
croenvironment will examine the effects of photo-
chemically induced gas phase reactions on the stability 
of organic compounds. 

3) Humidity cells have a controlled relative humid-
ity, maintained by the inclusion of hydrated hygro-
scopic salt immobilized on a thin inert mesh around the 
internal perimeter of the reaction cell. In this case, the 
hygroscopic MgF2 window is protected from attack by 
water vapor inside the cell using a thin coating of 
Al2O3, the thickness of which has been chosen to block 
solar UV wavelengths < 140 nm, similar to the block-
ing of Lyman-alpha UV radiation by some planetary 
atmospheres. This microenvironment will enable 
SEVO samples to help establish the impact water va-
por has on the photochemical degradation of the organ-
ics. 

 4) Mineral cells enable the study of inor-
ganic/organic interfaces using such minerals as TiO2, 
Fe2O3, and SiO2, which play an important role in the 
chemistry of organics on interplanetary/interstellar dust 
grains, comets, and other large and small body sur-
faces.  The SEVO experiment will investigated the 
degradation of organics through its interaction with 
SiO2.  This will be achieved by including an ultrathin 
UV-transparent layer of SiO2 between the organic film 
and the MgF2 window.   

 
 
 

The science and technology represented by SEVO 
and the O/OREOS project constitutes a rapidly grow-
ing toolbox of miniaturized instrumentation now ena-
bling a new generation of comparatively low-cost in 
situ space biological and chemical experiments. 
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