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Formamide (NH2CHO)
is detected in comets  and both in high and low-mass star forming regions

It is relevant for Astrobiology 

Kanuchova et al. 2016, A&A 585, 
A155; 
Urso et al. 2017, PCCP 19, 21759



Present limits

Solid CH3OH

Species not present before processing

CO      20% w.r.t. CH3OH
H2CO  10%
CO2  6% 
CH4  5% 
HCOOCH3  0.2% 

It is believed that other more complex species
are formed after processing which cannot be
detected because their abundance is below the
detection limit of IR spectroscopy

Modica and Palumbo 2010, A&A 519, A22



New experimental set-up

Open question:
What and how many complex molecules are formed in ices in space by 
energetic processing?

Aim:
To build up a new and original experimental set-up that will detect
molecules formed after energetic ion bombardment of simple ices,
using a combination of laser desorption, He jet cooling and VUV-UV-
tunable photo-ionization followed by high resolution mass-
spectrometric analysis.

Gain:
Present relative sensitivity (i.e. IR spectroscopy)  ~10-3 (column density)
Expected relative sensitivity  10-7 (mass abundance)



Laser desorption – laser ionization TOF – MS (jet cooling configuration)
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Jet cooling effects:

.... but sensitivity may be relatively low

C30H62



MALDI TOF (plume configuration)



Mechanical engineering :

New UHV Chamber

v63

v50

Quick access 
door

v125

Zero length 
reducer 
125CF/100CF
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V16-2

V16-3

We plan to acquire an optical fibers IR spectrometer 
for the new experimental set up



Although MIR spectroscopy is far less sensitive than
TOF-MS, it can give valuable information on the
comprehensive chemistry induced by the energetic
processing.

Column densities of major products derived by IR 
spectroscopy can be used to quantitatively calibrate the far 

less abundant complex molecules detected by TOF-MS
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Ion current measurement during irradiation

Brass ring

Brass ring with negative voltage to prevent electron emission

Electrostatically
scanned ion beam

The area of the brass ring is equal to the area of the hole.
The number of ions passing through the brass ring is equal to the number that hit the ring.

To
the sample



Formation of carbon chains

Compagnini et al. 2009, Carbon 47, 1605 



Formation of carbon chains

Based on peak position 
chains involved should contain 8-12 carbon atoms

Compagnini et al. 2009, Carbon 47, 1605 



Formation of carbon chains

Compagnini et al. 2009, 
Carbon 47, 1605 

Acetylene

Ethylene

Ethane



Interaction of ions with matter

J.F. Ziegler: SRIM  (Stopping and Range of Ions in Matter); TRIM (TRansport of Ions in Matter)



Formation of carbon chains
C6H6 + 200 keV H+ C2H2 + 200 keV H+

Puglisi et al. 2014, NIM B 326, 2
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IPHAC (Ion Produced 
Hydrogenated Amorphous 
Carbon) formation is a general 
process, it has been observed 
for a large number of carbon 
containing targets both frozen 
(CH4, C4H10, C6H6, etc. and 
their mixtures with H2O, N2) 
and refractory (polystyrene, 
polypropylene, graphite, 
diamond, PAHs, fullerenes, 
etc.)

Strazzulla G., Baratta G.A., 1992, A&A, 266, 434

T = 77 K



28



29



Water ice 
(H2O)

Water ice shows various 
states of  “crystallinity”.

Dartois and d'Hendecourt, 
A&A 365, 144 (2001)



Effects of UV photolysis on c-H2O

Leto and Baratta 2003



In situ Raman spectroscopy
Laser Ar+ (514.5 nm)

Vacuum chamberRaman spectrometer 



Effects of energetic processing

keV-MeV ions frozen gases

Sputtering   Structural   Chemistry   Implantation  Residue
changes
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2019, Astrobiology, 19, 1018-1036
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