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Introduction:  Europa’s icy surface is thought to 

hide a global subsurface ocean more than twice that of 
Earth’s Ocean [1, 2] with potential for microbial life 
[e.g., 3, 4]. Analysis of Near Infrared Mapping Spec-
trograph (NIMS) data from the Galileo spacecraft 
identified the presence of hydrous magnesium sulfate 
and sulfuric acid on Europa surface [e.g., 5, 6].  Linear 
mixture modeling of cryogenic laboratory spectra of 
hydrated compounds fitted to NIMS observations were 
used to predict abundances of hydrated compounds.  
According to these predictions Europa’s dark, non-
water-ice terrain contains 14% magnesium hexahy-
drate, 11% bloedite ((Na2Mg(SO4)2·4H2O), 12% mir-
abilite (Na2SO4 10H2O), and 62% sulfuric acid hydrate 
[7].  Recently Dalton et al. [8] have compared sulfuric 
acid hydrate (H2SO4●nH2O) abundance derived from 
NIMS observations with weathering patterns and in-
tensities associated with charged particles from Jupi-
ter’s magnetosphere.  From this study, these authors 
have concluded that the sulfuric acid hydrate produc-
tion on Europa appears to be limited in some regions 
by a reduced availability of sulfur ions, and in others 
by insufficient levels of electron energy.  Surface de-
posits in these regions of limited exogenic processing 
are likely to bear closest resemblance to oceanic com-
position [8].   

One key to understanding the nature of Europa is 
to precisely determine whether the composition of the 
icy surface reflects the interior ocean chemistry.  These 
and other questions regarding subsurface organics and 
biogenic materials largely remain unresolved with 
NIMS instrument.  In the Science Definition Report on 
Europa [9] Raman spectroscopy has been identified as 
one of the techniques for a future Europa Lander [10]. 

Remote Raman spectroscopy has been demon-
strated for detecting minerals, organic and biogenic 
materials at radial distances of >100 m distance [11, 
12] as well as from a robotic platform [13]. In the pre-
sent work, we have evaluated the performance of a 
remote Raman system at 120 m distance by measuring 
Raman spectra of various percentage of MgSO4.7H2O 
(epsomite) salt, and polyaromatic hydrocarbons 
(PAHs) naphthalene and anthracene, and dry ice (CO2-
ice) inside crushed H2O-ice, shaved H2O-ice, and H2O-
ice to simulate Europa’s surface environment. PAHs 
were selected due to their presence in the interstellar 
medium, in comets and meteorites, and are presumed 

to have played a major role in the origin of life on the 
early Earth. 

Experimental Methods: The portable pulsed re-
mote Raman system in the coaxial monostatic system 
used in the present study is described in detail else-
where [16]. In brief, the remote Raman system consists 
of an 8-inch (203.2 mm) diameter Meade telescope, a 
frequency-doubled mini Nd:YAG pulsed laser source 
(Quantel Laser, CFR model, 532 nm, 100 mJ/pulse, 15 
Hz, pulse width 10 ns), 10x beam expander, and a Kai-
ser Optical Systems f/1.8 HoloSpec spectrometer 
equipped with a gated, thermoelectrically cooled inten-
sified charge-coupled device (ICCD) detector (Prince-
ton Instruments) and 50 µm slit.  The laser beam from 
a 10x beam expander is made collinear with the tele-
scope’s optical axis by using two 45-degree mirrors.  
The telescope is directly coupled to the spectrometer 
through a camera lens (50 mm, f/1.8).  A 532-nm holo-
graphic SuperNotch filter from Kaiser Optical Systems 
is placed at the back of the telescope to minimize the 
reflected and Rayleigh-scattered photons from the tar-
get.   

Sample Preparation:  H2O-ice blocks of 25x15x5 
cm3 were prepared by freezing tap water in a deep 
(187 K) freezer.  The shaved H2O-ice samples were 
prepared from these blocks using a shave-ice machine.  
Crushed water-ice samples containing 10 wt% ep-
somite (MgSO4.7H2O) and 1 wt% of naphthalene 
(C10H8) were also prepared.  The samples of synthetic 
epsomite, naphthalene, and anthracene (C14H10) were 
in 25 mm diameter glass bottles and were buried under 
various thickness of the H2O-ice and shaved H2O-ice 
before making remote Raman measurements.  Simi-
larly dry ice (CO2-ice) samples contained inside plastic 
bag were also buried under various thickness of the 
H2O-ice and shaved H2O-ice for remote Raman meas-
urements. 

Results and Discussion: Figure 1 shows the Ra-
man spectra of liquid water, H2O-ice block, epsomite 
in crushed ice, and beyond a 5 cm layer of shaved 
H2O-ice at 120 m distance.  In the spectrum of liquid 
water, strong broad Raman bands at 3270 and ~3440 
cm-1 are due to symmetric and antisymmetric stretch-
ing O-H vibrational modes of water molecules, respec-
tively.  The Raman spectrum of ice (Fig. 1) shows 
bands around the same spectral region as water, but it 
has a very strong and sharp band at 3140 cm-1, making 

1678.pdf45th Lunar and Planetary Science Conference (2014)



it easily distinguishable from liquid water. The de-
crease in the frequency of symmetric O-H stretching 

 
Figure 1. Raman spectra of liquid- and solid-H2O-ice, and 

epsomite sample inside H2O-ice at 120 m (laser 532 nm, 
100 mJ/pulse, 15 Hz, slit width 50 μm; integrated over 
15 laser shots). 

mode of water molecules in ice is due to formation of 
stronger hydrogen bond in ice.  In the Raman spectrum 
of 10% MgSO4 in crushed ice  (Fig. 1) the hydrated 
sulfate is easily detected by the presence of SO4 sym-
metric stretching (ν1(SO4) band at 983 cm-1 that is Ra-
man fingerprint of epsomite [e.g., 14, 15]. In Fig. 1, 
the same Raman peak at 983 cm-1 is also visible when 
the solid MgSO4.7H2O was placed beyond a 5-cm 
thick layer of shaved ice. The intensity of the Raman 
spectrum in the shaved ice is lower because of attenua-
tion of laser beam caused by scattering by the ice par-
ticles The OH stretching Raman modes of epsomite 
appear at 3303, 3425 cm-1 [14], and is largely masked 
by the strong OH stretching band of H2O-ice. 

 
Figure 2. Raman spectra of naphthalene (1 wt %) in crushed 

ice, beyond 5 cm thick layer of shaved ice, and of solid 
water ice at 120 m.  Experimental conditions were the 
same as in Fig. 1. 

Figure 2 shows the remote Raman spectra of naphtha-
lene (1 wt%) in the crushed H2O-ice, beyond a 5 cm 
layer of shaved H2O-ice, and 10 cm thick solid H2O-
ice.  The strongest Raman fingerprint line of naphtha-

lene at 1379 cm-1, and the aromatic C-H stretching 
mode at 3054 cm-1 are clearly detected along with 
other strong A1g modes of naphthalene molecules [e.g., 
16] both in the spectra of 1 wt% naphthalene, and 
naphthalene buried at the depth of 5 cm in shaved 
H2O-ice.  Similar Raman spectra were measured from 
the samples of anthracene and dry ice buried within 5 
cm depth of shaved ice. The strong Raman fingerprint 
line of anthracence at 1403 cm-1, and the C-H stretch-
ing mode at 3053 cm-1 [e.g., 20], and the Fermi-
resonance doublet of dry-ice at 1278 and 1385 cm-1 
[17] were clearly detected.  These observations indi-
cate that a remote Raman instrument will be able to 
measure and identify various salts, organic and CO2-
ice at the surface and subsurface of Europa to a depth 
of a few centimeters. As the organics on the surface of 
Europa are most likely destroyed by the presence of 
strong radiation, the possibility of detecting organics in 
the subsurface of Europa makes remote Raman tech-
niques on board a lander or rover an excellent instru-
ment.  Based on these results, we have estimated that 
with a large 1-m telescope and 355 nm puled laser 
operating at  
0.5 J/pulse it will be possible to develop an orbital 
remote Raman instrument for mapping Europa’s sur-
face and subsurface down to 5 cm from a 10-km orbit 
during day-time and nighttime [e.g.,18] for future Eu-
ropa missions. 
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