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Introduction: Aromatic networks are likely the 

most abundant organic material in space. Specifically, 
PAHs and fullerenes have been identified in meteorites 
[1] and are thought to be among the carriers for nu-
merous astronomical absorption and emission features 
[2-5]. Thin films of selected PAHs and fullerenes are 
being subjected to the low Earth orbit environment as 
part of the Organics experiment on the multi-user fa-
cility EXPOSE-R onboard the International Space Sta-
tion. The Organics experiment will monitor the chemi-
cal evolution, survival, destruction, and chemical 
modification of the samples in space environment. 

EXPOSE-R facility: EXPOSE-R is a multi-user 
facility attached to an external platform at the outer 
hull of the Service Module of the Russian Segment of 
the International Space Station (RS-ISS). The external 
platform, called URM-D, provides mechanical, electri-
cal and data interfaces. EXPOSE-R accommodates 10 
biological and biochemical experiments, which are 

  

 
Figure 1 - The EXPOSE facility is made of three experiment 
trays into which four square sample carriers are fitted (top). 
For the ‘Organics’ experiment, each sample carrier is de-
signed to receive up to 20 exposition cells (bottom). 

mounted in three removable trays (see Fig. 1). These 
trays can also be exchanged when EXPOSE-R is 
mounted on the URM-D and exposed to the open 
space. Exchange takes place by "extra vehicular activi-
ties" (EVA) of the ISS crew. EXPOSE-R allows de-
fined long-term and/or short-term exposure of experi-
ments to solar UV under vacuum or controlled atmos-
phere.  

EXPOSE-R with its experiment trays launched on 
flight 31P on November 26, 2008 with an unmanned 
PROGRESS cargo ship on a SOYUZ launcher from 
Baikonur, Kazakhstan. After a storage period inside 
the RS-ISS, it was mounted to the external URM-D by 
EVA on March 10, 2009 to start the exposure of the 
experiments to its open space environment. All trays 
carry dark samples that are shielded from the UV pho-
tons and enable us to discriminate between the effects 
of exposure to photons and cosmic rays. Space expo-
sure is planned for a period of at least 12-18 months, 
which will provide ~1300 to 2000 h effective expo-
sure. Then the trays will be recovered by EVA again, 
brought into the RS-ISS and returned to Earth by the 
manned SOYUZ return capsule. 
Organics experiment: The Organics experiment 

on EXPOSE-R consists of twelve PAHs (see Table 1) 
and the fullerenes C60, C70, and a C60/C70/C84 mixture. 
The goal is to test the stability of such compounds 
when exposed to space conditions. PAH molecules 
such as those in Table 1 are stable and are  expected  to 

Table 1 - PAHs selected for the ‘Organics’ experiment on 
EXPOSE-R 
PAH (formula) Structure 
Chrysene (C18H12) 4 ring, catacondensed 
Triphenylene (C18H12) 4 ring, catacondensed 
Tetracene (C18H12) 4 ring, catacondensed 
Perylene (C20H12) 5 ring, pericondensed 
Coronene (C24H12) 7 ring, pericondensed 
Diphenantrho[9,10-b:9’10’-
d]thiophene (C28H16S) 

7 ring, catacondensed 

Ovalene (C32H14) 10 ring, pericondensed 
Dinaphtho[8,1,2-abc:2’,1’,8’-
klm]coronene (C36H16) 

11 ring, pericondensed 

Circobiphenyl (C38H16) 12 ring, pericondensed 
Dibenzo[jk,a’b’]octacene (C40H22) 10 ring, pericondensed 
Tetrabenzo[de,no,st,c’d’] 
heptacene (C42H22) 

11 ring, pericondensed 

Dicoronylene (C48H20) 15 ring, pericondensed 
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survive the harsh interstellar conditions. It was our 
goal to identify the most stable PAH and fullerene spe-
cies to gain insights into PAH chemistry. The PAH 
samples selected include a few small PAHs (e.g. tetra-
cene) as well as large PAHs of catacondensed and 
pericondensed structure that were specially synthesized 
for this space experiment (at high purity: 99.9 %). 
Some of the smaller PAHs and C60 have previously 
flown on the Organics experiment on BIOPAN V [6], 
which had 380 h exposure, with 15% effective solar 
pointing (58 h). We assume that larger PAHs are 
formed from smaller ones that act as precursors, and it 
has been shown that larger catacondensed PAHs are 
more likely the source for Diffuse Interstellar Bands 
(DIBs) [7]. 

 
Figure 2 – Sample cells for ‘Organics’ on EXPOSE-R. 

The samples were deposited in thin (~ few hundred 
nm) films by sublimation onto MgF2 substrate win-
dows (Fig. 2) to allow efficient penetration of UV pho-
tons [6].  The samples were analyzed before exposure 
to the space environment with UV, visible, and infra-
red spectroscopy.  Figure 3 shows the UV-VIS absorp-
tion spectrum of the flight sample tetracene (C18H12) 
before space exposure, displaying a strong band sys-
tem around 500 nm. These same analyses will also be 
performed after space exposure.  70 flight samples are 
being exposed on the EXPOSE-R facility.  

Ground-based measurements: Eight sample car-
riers remained on Earth. Ground truth monitoring is 
performed through UV-VIS-NIR spectroscopy at regu-
lar intervals at NASA Ames Research Center (Fig. 4). 
During the exposure of the EXPOSE-R facility on the 
ISS, two control sample carriers will be exposed with a 
slight time shift in a planetary simulation chamber at 
the Microgravity User Support Center (MUSC) at 
DLR. Vacuum, UV radiation, and temperature fluctua-
tions are simulated according to the telemetry data 
measured  during  flight.  The  spectroscopic  measure- 

 
Figure 3 - The UV-Vis spectrum of a thin film (500 nm) of 
the PAH tetracene sublimed onto MgF2 (before exposure to 
UV radiation).  

ments of these 2 carriers will be performed together 
with the returned flight samples 

We report on the scientific experiment and ground 
control analysis. 
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Figure 4 - Ocean Optics HR4000 UV/VIS Spectrometer with 
x-y-z slide assembly in the Astrophysics and Astrochemistry 
Laboratory at NASA Ames setup for ground truth monitor-
ing. 
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