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Introduction:  Dust, which constitutes less than 
1% in the Interstellar Medium (ISM), can act as tiny 
chemical reactors on which various chemical reactions 
take place [1], even at temperatures as low as 10 K. Icy 
mantles on the ISM cold dust harbour a large variety of 
molecules which, upon energetic processing, can take a 
number of chemical pathways leading to the synthesis 
of even more complex molecules. The discovery of 
many new molecules ( >30 molecules being announced 
just in 2021) highlights the vital role of dust in chemi-
cal evolution.  

The energetic processing of dust-containing icy 
mantles might also lead to the formation of refractory 
residues. The residue formed at the time of irradiation 
[2] will be left behind as a coating on the dust surface 
after the sublimation of the icy mantle. Depending on 
the energetic processing and the thickness of ice man-
tle, chemical reactions may also occur at the dust and 
icy mantle interface [3].  

Even in the absence of any irradiation, the thermal 
processing of reactive molecules such as ammonia and 
carbon disulphide [4] can also lead to residue forma-
tion that could coat the dust. Therefore, the physico-
chemical nature of dust grains may be affected during 
the dust cycle, even in the absence of any energetic 
processing. 

To date, molecular adsorption and desorption from 
the surface of the dust are considered to be non-de-
structive processes for dust particles. However, can 
these wide varieties of molecular ices present as icy 
mantles on the dust grain also lead to destructive pro-
cesses even in the absence of any irradiative process-
ing? A concrete answer to this question is yet unavail-
able in the literature. In an effort to answer this ques-
tion, we conducted a series of experiments under astro-
chemical icy conditions using the commonly known 
astrochemical molecules. Based on the results of these 
experiments, we propose a new dust destruction 
process: Etching of interstellar dust surface by sublim-
ing icy mantles (Figure 1).  

Methodology: We started with Ammonia (>99% 
purity), available as gas. The experiments were carried 

Figure 1: Our Proposed model for etching of interstel-
lar dust by the subliming icy mantles. 

out using the SALT (Simulator for Astro-molecules at 
Low Temperature) facility housed at the Physical Re-
search Laboratory, India (Fig. 1 of [5]). SALT is capa-
ble of recreating conditions commensurate with the 
ISM cold dust containing icy mantle analogues by 
reaching temperatures down to 10 K and ultrahigh 
vacuum conditions down to 10-10 mbar. Ammonia gas 
was deposited on both ZnSe and LiF windows (both 
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commonly used in astrochemistry experiments) cooled 
to 7 K to form ices of variable thicknesses achieved by 
varying the rate and time of deposition and subse-
quently warmed to higher temperatures at a constant 
rate. The ice was probed in-situ by FTIR spectroscopy 
using a Thermo Scientific Nicolet iS-50 FTIR Spec-
trometer, while the temperature was controlled using a 
Lakeshore 335. The morphology of these substrates 
was then analysed ex-situ both before (hereafter ‘pris-
tine-window’) and after deposition (hereafter ‘pro-
cessed-window’) using FE-SEM.  

Figure 2: FE-SEM image of one of the regions of pro-
cessed-window (LiF). The lines seen were part of the 
pristine-window. The uneven surfaces and white crys-
tals seen are part of the processed-window.  

Results and Discussions: The SEM images of pro-
cessed-windows of both ZnSe and LiF showed clear 
signatures of surface destruction/etching. Figure 2   
shows SEM image of one such processed-window. The 
surface shows evidence of etching with pitted, rough 
surfaces in the processed-window compared to the flat 
surfaces in the pristine-window. Additionally, the ma-
terials removed from the surface during the etching 
process remained as residue (this was confirmed by 
EDX analysis).   The results of these experiments will 
help understand the effect of molecules on the sub-
strate, even under cryogenic conditions. Dust etching 
by interstellar icy mantles will not only provide a new 
pathway for dust destruction, a mechanism to be con-
sidered in the grain-to-gas phase conversion in the 
ISM, but also has a profound implication in the under-
standing of the evolution of planetary and cometary 
surfaces. 
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