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L'umanita osserva il cielo da millenni ...
Se di notte, lontano. ddlle ‘luci della cittd,
guardiamo il cielo, lo vedlomo ricco di stelle
-e sembra che non ci sia nullatra una stella e
T'altra:- il cielo ci appare un grande Spazio
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L'umanita osserva il cielo da millenni ...
Se. di notte, Ion’rano ddlle ‘lugi della ch’ro
guardiamo il cielo, lo vedlomo ricco di stelle
-e sembra che non ci sia nullatra’ una'stella e
*I_OITro. il cielo ci appare un grande spazio
B VWOTO: o, il N | |
. ..1904 (chr’rmomn)

Scoper’ro del 9as inferstellare .
< 1980 (Trumpler): ol

Scoperta della polvere interstellare ... ‘
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mezzo intersfellare: le condizioni fisiche
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L'umanita osserva il cielo da millenni ...
- L’universo & un Wogo HlIEEETRESIREIT O ...

Per molti'anni il mezzo interstellare € stato
considerato un ambiente troppo osftile*
per le molecole ...

Tuttavia, circa 90 anni fa osservazioni
spettroscopiche nel visibile e nel vicino
ultravioletto hanno iniziato a suggerire che
al confrario ...

*T molto bassa, p bassissima, radiazioni ionizzanti
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Galileo Galilei: 1609 primo telescopio

Al cospetto del Senato Veneziano, lo scienziato Galileo Galilei mostro il
funzionamento del primo telescopio rifrattore della storia.




PRISMA: Nel 1671 Newton per primo uso il termine spettro (dal latino spectrum) _
descrivendo i suoi esperimenti di ottica. Newton divise lo spettro in sette diversi colori:
rosso, arancione, giallo, verde, blue, indaco e violetto.

S

Newton: 1668 primo telescopio a specchio

Newton realizzo un piccolo telescopio riflettore capace di circa 35
ingrandimenti. Era composto da uno specchio concavo parabolico e uno
specchietto piano.




A . = 2o a5
Nel 1814, Fraunhofer = . La NASCITA della

utilizzo un prisma di SPETTROSCOPIA ASTRONOMICA
elevata qualita p

diffrangere un ra o
di sele filtrante | =T
persione su U .-
parete bianca. Quello ¥
che scopri, oltre i
colori caratteristici
dell’orcobol*
come ben nofo dai
fempi di Newton,
furono molte righe
SUT e egli stesso

QIogo. Queste
) ancora note

e
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CONSIDERATIONS REGARDING
INTERSTELLAR MOLECULES

ABSTRACT

An attempt has been made to compute the numbers of certain molecules in inter-
stellar space. The results obtained are unfavorable to Saha’s identification of one of
Merrill’s interstellar lines with Na,. A search for the bands of CH, OH, NH, CN, and

C. would appear to be promising.

P. Swings and L. Rosenfeld, ApJ 86:483-486 (1937

¢ Oph: o
VIS lines at 3878.8, 3886.4, 3890.2, & 4300.3 A o
UV lines near 1271, 1368, 1369, 1370, 1549, & 1694 A
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MICROWAVE AND RADIO-FREQUENCY
RESONANCE LINES OF INTEREST TO
RADIO ASTRONOMY

C. H. TOWNES
Physical Laboratory, Ecole Normale Supérieure, Paris

A review of microwave and radio-frequency spectral lines which might
possibly be detected by the techniques of radio astronomy is attempted

here. Brief discussions of this type have already been given by several
authors[1,2,3,4). However, the present treatment is somewhat more com-
plete than previously published material, and has the advantage of more
recent information about certain transition frequencies. It includes a
general discussion of types of spectra which might be found, expected
intensities, and some characteristics and known frequencies of the lines
which may be of interest in radio astronomy.

Transitions which lie in the microwave or radio-frequency region can
be expected to come from atomic or molecular hyperfine structure,
from atomic or molecular fine structure, and from molecular rotational
frequencies. It is of course possible that some odd circumstance or chance

C.H. Townes, in' The Fourth International Astronomical Union Symposium®,

Manchester 1955
Cambridge WUniversity Press, Cambridge, 1957; paper 16



Penetra I'atmosfera

terrestre?

Tipo di radiazione Radio Microonde nfrarosso Visibile Ultravioletto Raggi X Raggi Gamma
Lunghezza d'onda (m) 10° 0.5x10~° 10710

Scala approssimativa
della lunghezza d'onda

Edifici Esseri ani Farfalle Punta di Protozoi Molecole Atomi Nuclei atomici
un ago

Temperatura degli
oggetti alla quale

u i
questa radiazione &
la pit intensa

o ldond 1K 100 K 10,000 K 10,000,000 K
o ezzaem‘;';sg —272°C  -173°C  9,727°C ~10,000,000 °C

" Perché proprio nelle microonde?




FINESTRE ATMOSFERICHE
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- UNPUBLISHED PRELIMINARY DATA

(Submitted for publication in NATURE.) ,/7/§
’ 279 Y&
Radio Observations of OH in the Interstellar MediNm6 l.- é};ggpq
pase OF S2852
In this note we wish to report the detection of 18-cm absorption
lines of the hydroxl (OH) radical in the radio absorptiom spectrum of
Cassiopeia A, thereby providing positive evidence for the existence of
OH in the interstellar medium. The microwave transitions of 04 in the
ground state, 2w3/2, J = 3/2, arise from two A-type doublet levels,
each of which is split by hyperfine interactiens with the ‘ydrogen
nucleus, sc that four transitions result, The twe strengest lines have
been previocusly measured in the laboratory at 1667.34 p 0.3 Mc/sec (F = 22
and 1665.46 - 0.10 Mc/sec (F = 1+1) with relative intensities of 9 and

5, recpectively;l these results are in agreement with theery. The

S.. Weinreb, A. H. Borré’r’r, M. L. Meeks, J. C. Henry Nature 200:829-831 (1963)




DISCOVERY OF INTERSTELLAR METHYL FORMATE

R. D. Browx,* J. G, CroF18,* F. F. GARDNER,T
P. D. Goprrey,* B. J. RoBINsON,T AND J. B, WHITEOAKT
Recetved 1974 December 31

ABSTRACT

The 1,0-11; 4-state transition of methy]formate HCOOCH; has been detected in emission in the spectrum of Sgr B2.
With a laboratory determination of 1610.249 MHz for the rest frequency of the transition, the radial velocity of the
observed line is 53 + 6 km s~!, The nearby E-state transition at 1610.906 MHz may also have been detected. It is
probable that the 1,0 and 1;; levels are inverted and that the continuum emission of Sgr B2 is heing amplified.

The Astrophysical Journal, 197:L.29-

e

Molecole organiche
‘complesse”



Detection of two interstellar polycyclic aromatic
hydrocarbons via spectral matched filtering

Brett A. McGuire?>*, Ryan A. Loomis?t, Andrew M. Burkhardt3t, Kin Long Kelvin Lee'>,
Christopher N. Shingledecker*°*®, Steven B. Charnley’, lisa R. Cooke®, Martin A. Cordiner’®,
Eric Herbst'®, Sergei Kalenskii'2, Mark A. Siebert, Eric R. Willis'®, Ci Xue'®,

Anthony J. Remijan?, Michael C. McCarthy®

Science 371, 1265 (2021)

B | 2-cyanonéphthalene
DR1 |

[
(=)
=
()

DR1

(9)
9)

=
Signal-to-Noise Ratio

Signal-to-Noise Ratio

-5 0 ' —5 0 5
Relative Velocity (km/s) Relative Velocity (km/s)




THE ASTROPHYSICAL JOURNAL LETTERS, 984:L36 (19pp), 2025 May 1 https://doi.org/10.3847 /2041-8213 /adc911
© 2025. The Author(s). Published by the American Astronomical Society.
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Discovery of the Seven-ring Polycyclic Aromatic Hydrocarbon Cyanocoronene
(C54H{;CN) in GOTHAM Observations of TMC-1

Gabi Wenzel @, Siyuan Gong1 , Ci Xue'®, P. Bryan Changala3 4@, Martin S. Holdren' @, Thomas H. Speak5 ;
D. Archie Stewart' , Zachary T. P. Fried' , Reace H. J. Willis® , Edwin A. Bergin6 , Andrew M. Burkhardt’ 2
Alex N. Byme' 1, Steven B. Charnley8 , Andrew Lipnicky9 , Ryan A. Loomis’ @, Christopher N. Shingledeckerm

Ilsa R. Cooke”®, Michael C. McCarthy2 , Anthony J. Remijan9 , Alison E. Wendlandt' ®, and Brett-A. McGuire': @
: Department of Chemistry, Massachusetts Institute of Technology, Cambridge, MA 02139, USA; gwenzel @mit.edu, bx
“ Center for Astrophysics | Harvard & Smithsonian, Cambridge, MA 02138, USA
3JILA, University of Colorado Boulder and National Institute of Standards and Technology, Boulder, CO 8030¢
4Depanmem of Physics, University of Colorado Boulder, Boulder, CO 80309, USA
Deparlmenl of Chemistry, University of British Columbia, Vancouver, BC, Canada
Department of Astronomy, University of Michigan, Ann Arbor, MI 48109, USA
Depanment of Earth, Environment, and Physics, Worcester State University, Worcester, MA 01602, US}
Aslrochemlstry Laboratory and the Goddard Center of Astrobiology, Solar System Exploration Division, NASA Goddard Space Fl
20771, USA
? National Radio Astronomy Observatory, Charlottesville, VA 22903, USA

o Department of Chemistry, Virginia Military Institute, Lexington, VA 24450, USA
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Discovery in space of ethanolamine, the simplest
phospholipid head group

Victor M. Rivilla**'®, Izaskun Jiménez-Serra?, Jesis Martin-Pintado?, Carlos Briones?, Lucas F. Rodriguez-Almeida?,
Fernando Rico-Villas?, Belén Tercero‘(®, Shaoshan Zeng?, Laura Colzi*?, Pablo de Vicente®, Sergio Martin®f®,

and Miguel A. Requena-Torres%"
' Phosphatidylethanolamine (PE)

Cell membrane C
(phospholipid bilayer)

B

NH:CH2CH20H
Ethanolamine (EtA)

/ hydrophilic"'%

| head D

hydrophobic
., tails




Molecules in the Interstellar Medium or Circumstellar Shells (as of 08/2025)

2 atoms
CH*
CH
CN
OH
CO
Ha
SiO
CS
SO
SiS
NS
Co*
NO
HCI
NaCl
KClI
AICI
AlF
PN
SiC
CP
NH

SiN

3 atoms
Cg*
CoH
C,0
CoS
CHap
HCN
HCO
HCO*
HCS*
HOC*
H,O
HoS
HNC
HNO
MgCN
MgNC
NoH*
N.O
NaCN
OCs
SO,
c-SiC,
COy*

4 atoms

c-CsH
I-CaH
CoN
C30
CaS
CoHy"
NH3
HCCN
HCNH*
HNCO
HNCS
HOCO*
H,CO
H,CN
H,CS
H30O*
c-SiCs
CHa*
CaN-
PH3
HCNO
HOCN
HSCN

5 atoms
Cs*

C4H
C,4Si
[-C3H>
c-CgHo
HoCCN
CHy4*
HC3N
HCCNC
HCOOH
H,CNH
H,Co0
HoNCN
HNC3
SiHg*
H,COH*
C4H™
HC(O)CN
HNCNH
CH30
NHg4*
H,NCO*

NCCNH*

6 atoms
CsH
I-HoCy
CoHy*
CH3CN
CH3NC
CH3OH
CH3SH
HC3NH*
HCCCHO
NH,CHO
CsN
[-HC4H*
[-HC4N
c-H,C30
H,CCNH
CsN~
HNCHCN
SiH3CN
CsS
MgC4H
CHzCO*
CsHg

HoC3S

7 atoms
CeH
CH,CHCN
CH3C,H
HCsN
CH3CHO
CH3NH,
c-CoH40
H,CCHOH
CeH™
CH3NCO
HC5O
HOCH.CN
HCCCHNH
HC4NC
c-C3HCCH
I-HoCs
MgCsN
CHoC3N
NC4NH*
MgCsN*
HCsN* (2024)
HNCjy (2024)

CH,(CN), (2024

8 atoms
CH3C3N
HC(O)OCH3
CH3;COOH
C/H

CeHz
CH,OHCHO
I-HCgH*
CH,CHCHO
CH,CCHCN
HoNCH,CN
CH3CHNH
CH3SiH3
HoNC(O)NH2
HCCCH,CN
HCsNH*
CH,CHCCH
MgCgH
CoH3NH,
(CHOH),
HC2(H)C4
C7N~-
CH3CHCO

MgCGH+

9 atoms 10 atoms 11 atoms 12 atoms >12 atoms

CH3Cy4H CH3CsN HCgN c-CeHe" Ceo"

CH3CH.CN (CH3),CO CH3CeH n-CzH7CN Cro*

(CHa3),0 (CH,0H), C,Hs0CHO i-CaH;CN Ceo™™

CH3CH,0H CH3CH,CHO CH30C(O)CH;  CoHsOCHz  c-CgHsCN

HC7N CH3CHCH,0 CH3C(O)CH,OH 1-c-CsHsCN  HC44N

CgH CH30CH,0H c-CsHeg 2-c-CsHsCN  1-C1oH;CN

CH3C(O)NH, c-CgHy HOCH,CHaNH,  CH3C7N (?)  2-CqoH7CN

CgH~ HpoCCCHC3N H,CCCHC4H n-CzH70H c-CgHg

CsHs CoHsNCO CqyoH™ i-C3zH;0H 1-c-CsHsCCH

CH3CHoSH CoHsNHa (?) HoC(CH)3CN ?  (CH3),C=CH, 2-c-CsHsCCH

CH3NHCHO HC,NH* c-CgH,4CCH,

HC;0 E-CH3CHCHCN 2-CgH7CN

HCCCHCHCN Z-CH3CHCHCN CeHsCCH

HaGCHCAN CHWCICN\CHA CHA-OCHACHAOH (2024)
>90% RADIOASTRONOMIA 2

24)

HC,N* (2024) CH3CH,CCH (2024)

CIRCA 330
MOLECULE
SCOPERTE NELLO SPAZIO

https://cdms.astro.uni-

1-C1gHgCN (2024)
CH2(CCH), (2024 2-C1gHgCN (2025)
(CH3)2S (2025) 4-C4gHoCN (2025)

Ca4H11CN (2025)
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NGC 63341 (ALMA Band 10)
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NGC 63341 (ALMA Band 10)
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‘Come avviene.una reazione chimica?




Reagenti
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Prodotti

Coordinata di reazione

Reazione: HO- + CH;Br - [HO---CH;---Br]* - CH;OH +Br




CONDIZIONI ESTREME:
Bassa Temperatura (10-200 K)
assa Densita (1-10% molec. cm3)
adiazioni ionizzanti

1%POLVERE



Le condizioni del mezzo inferstellare

eratura: 10K -200K

ﬁ 08 par’rlcelle/cm3

Bassa P: pog:hissime collisioni
no stablilizzazione

Bassa T: Reazionl Esotermiche

| Nessuna barriera
densitar di 104 part/cm?3 = pressione di 3.8x10719 Pa (~3.8x107 > atm)
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APPROCCIO
SENZA
RARRIERA

GAS: reazione procede
GRANO: reazione si ferma
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of the
ROYAL ASTRONOMICAL SOCIETY

MNRAS 525, 1158-1166 (2023) https://doi.org/10.1093/mnras/stad2253
Advance Access publication 2023 July 26

Gas-phase formation route for frans-HC(O)SH and its isomers under
! interstellar conditions: a state-of-the-art quantum-chemical study
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Gas-Phase Reactions of H,CS and H,CO with CN: Similarities and
Differences from a Computational Study
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ABSTRACT: The gas-phase reaction of H,CS with the CN
radical has been investigated with the aim of understanding its
evolution in the interstellar medium (ISM). After the detection of
thioformyl cyanide in TMC-1, this process has been incorporated
into astrochemical models because it is considered the most
efficient (if not the only) gas-phase formation route for such a
molecule in dark molecular clouds. However, neither experimental

| nor theoretical studies have been reported in the literature

regarding its feasibility in the typical conditions of the ISM. In this
work, the corresponding reactive potential energy surface has been
accurately investigated and complemented by ab initio transition
state theory calculations to derive global rate coefficients. In view
of the potential similarities between the H,CS + CN and H,CO +
| CN reactions, this latter process has also been reinvestigated. The availability of experimental data for the H,CO + CN reaction has
been exploited to derive the accuracy of the computed rate constants for the sulfur-bearing counterpart.
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+ Experimental data
—Simulated
—Simulated with modified frequencies

La reazione che avviene e:
H,CO + CN—->HCO + HCN
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CONDIZIONI ESTREME:
Bassa Temperatura (10-200 K)
assa Densita (1-10% molec. cm3)
adiazioni ionizzanti
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Formation of the glycine isomer glycolamide (NH,C(O)CH,OH)
on the surfaces of interstellar ice grains:
Insights from atomistic simulations

J. Perrero!-2:3-*®, S. Alessandrini**®, H. Ye*, C. Puzzarini*®, and A. Rimola!

Reazione in 2 step:
H,CO + NH,CO* - NH,C(O)CH,0° (1)
NH,C(O)CH,0O* + H* - NH,C(O)CH,OH (2)




Pre-reactant

Transition State
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Reazione in 2 step:
H,CO + NH,CO* - NH,C(O)CH,0* (1)
NH,C(O)CH,O* + H* - NH,C(O)CH,OH (2)

Product
_|_H (anti-glycolamide)

Intermediate



Cluster of 18 molecole
d’acqua (W18) per simulare
la superficie di ghiaccio sul

grano.

In grigio: gli idrogeni dove i
reagenti (H,CO e NH,CO"®)
si attaccano.
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Reactant Transition State Product
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® Reactionl ® Reactionl
® Reaction 4 T ® Reaction 4
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Arrhenius plots for Reactions 1 and 4
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k(T) =KX kBT X exp(_AGi/RT) Cinetica:

equazione semi-classica di Eyring




L'umanita osserva il cielo da millenni ...
- L’universo_ & un Wogo HlIEEETRESIREIT O ...

Per molti anni il mezzo interstellare & stato

considerato un ambiente troppo ostile per
leimolecEIEns

Abbiomo scoperto molto, ma e solo lo
ounta dell’icerberg ... una cosa pero €
certa: spetta alla CINETICA 'ulfima parola
SU una reazione che puo avvenire o

meno, essere efficiente o meno, nello
SPAZIO.
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