
 

Complex organosulfur molecules on comet
67P: Evidence from Rosetta orbiter and the
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Comet 67P/Churyumov-Gerasimenko on Jan. 31, 2015. Image Credit:
ESA/Rosetta/NAVCAM – CC BY-SA IGO 3.0

The Rosetta orbiter spectrometer for ion and neutral analysis (ROSINA)
instrument orbited comet 67P to revolutionize our understanding of
cometary material composition. A key finding of the satellite was to
explore the composition of comet 67P/Churyumov-Gerasimenko. In a
new report published in Science Advances, Ahmed Mahjoub and a team
of planetary scientists in the Jet Propulsion Lab at CalTech, the Space
Science Institute Colorado, and the University of Bern in Switzerland,
used the ROSINA data to study dust particles volatilized during a dust
event in September 2016.

The scientists reported the detection of large organosulfur species, on the
comet's surface. They then conducted laboratory simulations to indicate
the formation of this material from chemical reactions initiated by
irradiating mixed ices containing hydrogen sulfide. The results
highlighted the significance of cometary sulfur chemistry and its
presence in precometary materials to facilitate the detection of
organosulfur materials in other comets and icy small bodies by using the 
James Webb Space Telescope.

Landing on a comet

When the Rosetta mission visited comet 67P, the satellite revealed 
remarkable insights to the diverse molecules on the comet. The
researchers detected organics by using a remote sensing instrument,
visible and infrared thermal imaging spectrometry, and a series of
instruments including ROSINA, Ptolemy and the cometary sampling and
composition experiment. The measurements made using ROSINA
provided substantial information of the complex organic chemistry in
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cometary materials, alongside further insights to the composition of the
semi-volatile phases of comet 67P.

The measurements further revealed the detection of ammonium salts. In
this work, Mahjoub and colleagues discussed the data gathered from the
Rosetta probe and ROSINA during an event of enhanced dust impact on
the instrument. They interpreted the data to reveal the presence of large
organosulfur molecules with low volatility embedded in the dust grains
of comet 67P. The team completed in-lab simulations of the organic
chemistry that began on the comet due to irradiation of simple ice
mixtures in the presence or absence of hydrogen sulfide. The outcomes
indicated the dominance of sulfur in the environment, and a possible ice-
chemistry origin to the sulfur-bearing species on the cometary material.

The dust event

Prior to landing on the comet, Rosetta flew elliptical orbits during the
last few weeks of its mission with the pericenter altitude gradually
lowered. On September 2016, the spacecraft reached its closest distance
from the comet. It is assumed that the space probe was hit by a chunk of
ice or dust prior to that, which led to the observation of high-density gas
plumes for about 3 hours in the vicinity of the instrument.

The measurements made during the study indicated the abundance of a
variety of sulfur-bearing molecules, prior to and after the dust event. The
team conducted mass spectrometry measurements to identify carbonyl
sulfide and carbon disulfide as species that did not significantly increase
during the event due to their higher volatility, when compared with
sulfur dioxide, which increased by about two orders of magnitude. The
team further monitored the presence of semi-volatile organo-sulfurous
molecules on the surface of comet 67P.
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Sulfur-bearing species detected by ROSINA (Rosetta Orbiter Spectrometer for
Ion and Neutral Analysis)–DFMS (Double Focusing Mass Spectrometer) before
and during the dust event on 5 September 2016, ~2 km above the nucleus
surface. 17:xx denotes measurements made before the dust impact between
17:15 and 17:55 UTC (depending on mass), and 18:xx denotes measurements
during the dust impact (18:09 to 18:50). (A) CnHmSl bearing species, n = 0 to 4;
m = 0 to 6, l = 1 to 2. (B) CnHmOlS- and CHnNS-bearing species, n = 0 to 3; m
= 0 to 6, l = 1 to 2. Species are ordered by mass/charge ratio (m/z) but not
spaced accordingly (x axis not linear). The value, pre-event, for SO could not be
derived as the spectrum is corrupted. Abundances are given in arbitrary units
(a.u.) but corrected for instrumental effects (mass-dependent sensitivity).
Caution: During the impact, coma background densities decreased over the 40
min needed to cover the mass range. Higher masses are therefore underestimated
compared to low masses. Credit: Science Advances (2023). DOI:
10.1126/sciadv.adh0394
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 Simulations in the lab

The ROSINA-double focusing mass spectrometer (ROSINA-DFMS)
data obtained during the dust event showed sulfur chemistry to be more
complex and diverse than hitherto known or assumed via measurements
in the undisturbed coma of the comet. Mahjoub and colleagues assumed
this outcome to have resulted from the ice chemistry involving hydrogen
sulfide. To explore this in the lab, the team performed electron
irradiation experiments on ice mixtures in the presence or absence of the
molecules.

The experimental setup included a high-vacuum stainless-steel chamber,
where the team deposited ices on a gold substrate attached to a cold
finger of a helium cryostat through a gas, to prepare gas mixtures. The
setup included an electron gain in the chamber and a Faraday cup to
monitor the electron beam current. The team detected the evolving
samples with a Fourier transform infrared spectrometer. Further
experiments highlighted the rapid dissociation of hydrogen sulfide in the
setup, compared to methanol and water samples used in similar
experiments, to produce a high concentration of reactive sulfur bearing
radicals to predominantly affect the chemistry in the ice films.
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Comparison between mass spectra of species desorbed from "with sulfur" (blue)
and "without sulfur" (red) irradiated ice mixtures in the laboratory experiments.
Both spectra are recorded at T = 275 K, and both samples received similar
irradiation doses. m/z, mass/charge ratio. Credit: Science Advances (2023). DOI:
10.1126/sciadv.adh0394

 Outlook

In this way, Ahmed Mahjoub and colleagues characterized organic
heteropolymers in small interstellar icy grains and icy bodies. They
assumed hydrogen sulfide ice chemistry to be likely for the observed
species. They highlighted the presence of other pathways to form
organosulfur compounds in the diffuse interstellar medium, and in the 
solar nebula. Using in-lab simulations, the scientists showed that sulfur-
bearing organic compounds could be formed via sulfur ion
bombardment of astrophysical ices containing carbon, oxygen, and
nitrogen constituents.
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Comparison between the infrared (IR) spectra of "without sulfur" residue (red
spectrum) and "with sulfur" residue samples (blue spectrum). Both samples were
produced by irradiating ice films with a 10-keV electron beam for 20 hours at 50
K. This irradiation time is equivalent to a total fluence of 2 × 1021 eV cm−2.
Initial ices are made of CH3OH:NH3:H2S:H2O (3:3:3:1) ("with sulfur") and
CH3OH:NH3:H2O (3:3:1) ("without sulfur"). a.u., arbitrary units. Credit: Science
Advances (2023). DOI: 10.1126/sciadv.adh0394

The James Webb Space Telescope incorporated during this work can
increase the understanding of the chemistry of the solar system,
including comets, and asteroids. This instrument can also assist
researchers to unveil the composition of a variety of such interstellar
bodies alongside their similarities or differences, to understand the
formation and evolution of the solar system; where sulfur chemistry is of
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interest. The fate of sulfur has a key role in the evolution of comets and
interstellar icy bodies, although much of its role in the building blocks of
the solar system remains to be known. The element, however, holds
promising capacity to answer the origin and evolution of such icy small
bodies.

  More information: Ahmed Mahjoub et al, Complex organosulfur
molecules on comet 67P: Evidence from the ROSINA measurements
and insights from laboratory simulations, Science Advances (2023). DOI:
10.1126/sciadv.adh0394 
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