
LABORATORY EXPERIMENTS TOWARD DISTINGUISHING ABIOTIC RADIOLYTIC CHEMISTRY 
FROM RADIOLYTICALLY MODIFIED BIOLOGICAL MATERIAL ON ICY WORLDS.  K. P. Hand1 and 
R. W. Carlson1, 1Jet Propulsion Laboratory California Institute of Technology, Pasadena, CA 91109 
(khand@jpl.nasa.gov).. 

 
 
Introduction:  We have constructed a vacuum 

chamber assembly capable of replicating the tempera-
ture, pressure, and electron irradiation environment of 
icy worlds such as Europa, Ganymede, Callisto, and 
Enceladus. Thin ice films (~3µm) containing water, 
short-chain hydrocarbons (e.g. propane, propene, bu-
tane), and ammonia were irradiated at 70-100K with 
high-energy electrons and resulting products were 
monitored in-situ using mid-infrared spectroscopy 
(FTIR) and residual gas analysis (RGA) up to 300 
a.m.u. Similarly, we generated thin films containing 
spores of Bacillus pumilus and subjected the sample to 
electron bombardment for ~24 hours with 20 keV elec-
trons at 500 nA. Again, the sample was monitored in-
situ during irradiation with the FTIR and RGA. All 
experiments were also monitored during warming from 
initial temperature to room temperature. Results from 
these experiments provide information that may be of 
utility when trying to distinguish abiotic radiotlytic 
chemistry from possible biosignatures on icy worlds. 

Results: The lowermost spectrum in Figure 1 
is of the bacterial spores before irradiation, the middle 
spectrum (red) is after irradiation, and the uppermost 
spectrum is of abiotic organic chemistry resulting from 
electron radiolysis of water, ammonia, and propene.  

We find that the ~3.44 µm (2870-2970 cm-1) 
hydrocarbon bands in the biological material are 
largely indistinguishable from the abiotic spectrum. 
The asymmetric stretch of –CH3 at 2966 cm-1, the 
symmetric stretch of –CH3 at 2874 cm-1, and the 
asymmetric stretch of –CH2- at 2936 cm-1 show no 
variation from one spectrum to the next.  

The irradiated spore sample shows production 
of CO2 (2340 cm-1), CO (2130 cm-1) and a nitrile band 
(C≡N) at 2164 cm-1. This nitrile band is typically as-
signed to the cyanate ion, OCN- [1]. The abiotic film 
shows similar features emerging during irradiation. 
Relative bands strengths are also comparable across 
the sample spectra, indicating that while the initial 
chemical compositions may be quite different (cells vs. 
simple compounds), the suite of new products is quite 
similar. Taken together with the C-H results, the region 
from 3-5 µm is devoid of compelling spectroscopic 
biosignatures. 

At wavelengths longer than 5.88 µm (<1700 
cm-1), however, differences are seen between the abi-
otic and biotic samples. In the B. pumilus spectrum 
taken prior to irradiation we observed strong peaks in 
the region from 1700 cm-1 to 1500 cm-1. Several of 

these peaks correspond to the amide I and amide II 
bands of proteins. The amide bond, and the associated 
vibrational excitations, specifically refers to the C-N 
linkage between amino acids and the interaction with 
the C=O and N-H on either side of that bond. The 
bands at 1660 cm-1 and 1645 cm-1, as seen in our spec-
tra, are consistent with the N-H and carbonyl vibra-
tional modes in the amide I of the right-handed spiral 
in α-helical structures of proteins [3]. Also contribut-
ing to this region is the amide I band of the β-pleated 
sheet structures in proteins. This band, at 1637 cm-1 
[2], is due to the carbonyl stretch interacting with the 
amide N-H, but in this case the strands of linked amino 
acids form a sheet by hydrogen bonding with neigh-
boring strands. These protein bands overlap considera-
bly with bands in the same region attributed to the ν4, 
1645 cm-1 band of NH3 [4]. The ammonia bands were 
seen in our abiotic experiments. The band seen at 1514 
cm-1, persists through irradiation and is seen only in 
the biological sample. This band is sometimes referred 
to as the tyrosine band [2,3], as it is indicative of pro-
teins containing that amino acid. Similarly, the amide 
II band at 1549 cm-1 persists and is characteristic of the 
C-N stretch and C-N-H bend in the peptide structures 
of proteins.  

 
Figure 1: Spectra of irradiated spores vs. electron irra-
diated H2O+C3H6+NH3 ice. 
 

The observed decrease in band strength in our 
experiments indicates destruction and loss of proteins, 
but importantly, these bands persist and are readily 
observed in the irradiated sample. These bands are not 
seen in the abiotic sample. Though HPLC work on our 
samples indicates production of amino acids, these 
amino acids are not arranged and polymerized as in the 
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protein fragments remaining in the spore sample. The 
survival of biopolymer fragments yields the spectro-
scopic difference between the biotic and abiotc sam-
ples, thus providing a possible spectroscopic biosigna-
ture. Matrix-assisted laser desorption and ionization 
was used to investigate the size of the biopolymer 
fragments. We found evidence for compounds as large 
as m/z ~2500. 

At longer wavelengths hydrocarbons bands 
are seen in all samples at 1458 cm-1, 1375 cm-1, and the 
methane band at 1300 cm-1. A pair of strong broad 
bands were seen in the irradiated spore sample at 1240 
cm-1 and at 1078 cm-1. These bands have no direct 
pairing with the bands in the abiotic NH3 sample. The 
former band corresponds to the asymmetric stretch of 
P=O in phosphodiester bonds (>PO2

-) [3]. The phos-
phodiester bond connects the nucleotides of RNA and 
DNA. The diesters of ATP occur at slightly shorter 
wavelengths, ~1260 cm-1, compared to what we ob-
served [5]. The second broad band, centered at 1078 
cm-1, also corresponds to the phosphodiester bond, but 
in this case the band results from the symmetric stretch 
of P=O [3, 6]. Our abiotic experiments did not contain 
phosphorous. Thus direct comparisons with these 
bands are incomplete and require adding phosphorous 
(and sulfur), for more comprehensive understanding of 
abiotic vs. biotic differences in this region. 

During radiolysis, results from the RGA show 
no measurable peaks beyond m/z = 44, consistent with 
CO2 or short-chain hydrocarbon loss. Under steady-
state radiolysis at ~100 K, these results indicate that no 
mass spectral biosignature would be detectable from 
orbit with just electron radiolysis (see Carlson and 
Hand, this volume, for sputtering effects). (Note, we 
have not yet analysed differences in isotopic composi-
tion.) During warming, larger mass fractions were ob-
served with the RGA. Figure 2 shows the integrated 
spectrum of mass fractions observed during warming 
from 100 K to 298 K. Most of the species are also seen 
in the abiotic sample, but the two peaks at m/z = 55 
and m/z = 69 were strong and distinct in only the bio-
logical sample. We have not yet uniquely identified 
these fragments, but working with a new mass spec-
trometer on our system we hope to identify these spe-
cies. No fragments were observed with appreciable 
signal strength beyond m/z = 69. 

Conclusion:  Spectroscopic biosignatures as-
sociated with the biopolymers of terrestrial life may 
persist under the temperature, pressure, and electron 
radiolysis conditions found on worlds like Europa, 
Ganymede, Callisto and Enceladus. The critical spec-
troscopic region to explore is that of the amide band 
region, ~5-7 µm. Future missions must seriously con-
sider included spectroscopic capabilities in this region 
if astrobiology is seen as an important mission objec-
tive. 

 

Figure 2: RGA spectrum of irradiated spores collected 
during warming from 100 K to 298 K. 
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