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Penetra I'atmosfera

terrestre?
Tipo di radiazione Radio Microonde Raggi X Raggi Gamma
Lunghezza d'onda (m) 10> 1072 10710 10712

L £l ¢
Scala approssimativa L‘i} )
della lunghezza d'onda

Edifici Esseriumani Farfalle

Atomi  Nuclei atomici

Frequenza (Hz)

104 10%°

Temperatura degli
oggetti alla quale
questa radiazione &
la piu intensa
lunghezza d'onda
emessa

)

1K 100 K 10,000 K 10,000,000 K
=272 °C -173 °C 9,727 °C ~10,000,000 °C
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NOTES

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.

O I
Fi?.ams ol 3¥7%.%, 3¥%6.4, 35902, & 43003 A -
UV Lines near 1271, 136%, 13 ' L 1694 A

.




Penetra I'atmosfera

terrestre?
Tipo di radiazione Radio Microonde Infrarosso Ultravioletto Raggi X Raggi Gamma
Lunghezza d'onda (m) 10> 1072 107° 1078 10710 10712
, i") 3
Scala approssimativa "iﬁ A 0
' T e *
della lunghezza d'onda zuﬁ,‘!\\\ %
Edifici Esseriumani Farfalle Punta di Protozoi Atomi  Nuclei atomici
un ago
Frequenza (Hz) 1
10* 10" 10" 10" 107
Temperatura degli
oggetti alla quale |
questa radiazione & ))
la pid intenza 100 K 10,000 K 10,000,000 K
lunghezza d'ond ’ y IO
Sl —272°C  -173°C  9,727°C ~10,000,000 °C

emessa




Penetra I'atmosfera

terrestre?
Tipo di radiazione Radio Microonde nfrarosso Visibile Ultravioletto Raggi X Raggi Gamma
Lunghezza d'onda (m) 1072 107° 0.5%10 ° 1078 10710 10712

Scala approssimativa
della lunghezza d'onda

1§

Edifici Esseri tmani Farfalle

L Ko #&

Punta di Protozoi Molecole Atomi  Nuclei atomici
un ago

104 10 - h'2 10'° 10'° 10'® 10%°

1K 100 K 10,000 K 10,000,000 K
=272 °C -173 °C 9,727 °C ~10,000,000 °C

Frequenza (Hz)

Temperatura degli
oggetti alla quale
questa radiazione &
la piu intensa
lunghezza d'onda
emessa

iPerche proprio nelle microonde? 8

)
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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
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UNPUBLISHED FRELIMINARY DATK~* 27~~~ =? 5777

(Submitted for publication in NA&URE.)' ,/?/g,Aéé . ’4$2)<5? :
N6& 11379 > R

Radio Observations of OH in the Interstellar Medium 6;49296l-//
pass OF 52852
In this note we wish to report the detection of 18—-cm absorptioen
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, sco that four transitions result. The twe strengest lines have
been previcusly measured in the laboratory at 1667.34 - 0.83 Mc/sec (F = 252
and 1665.46 = 0.10 Mc/sec (F = 1+1) with relative intensities of 9 and

S5, tenpectively;l these results are in agreement with theery.

. WeuareD, A. N. Barrett, M. L. Meews, :) C.
Bhoture 200“329“2’&1 1963)




DISCOVERY OF INTERSTELLAR METHYL FORMATE

R. D. BrRowN,* J. G, CroF1s,* F. F. GARDNER, T
P. D. Goprrey,* B. J. RoBINsON,T AND J. B. WHITEOAKT
Recetved 1974 December 31

ABSTRACT

The 1,0~1;; A-state transition of methy]lformate 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 velocityv of the
observed line iz 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 11; levels are inverted and that the continuum emission of Sgr B2 is heing amplified.

The As&ropkjsicat Journal, 197:L.29-1.31, 1975

o
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INTERSTELLAR GLYCOLALDEHYDE: THE FIRST SUGAR

J. M. HOLLIS
NASA Goddard Space Flight Center, Space and Earth Data Computing Division, Code 930, Greenbelt, MD 20771

F. J. Lovas
University of Illinois at Champaign-Urbana, Department of Astronomy, 1002 West Green Street, Urbana, IL 61801
AND
P. R. JEWELL
National Radio Astronomy Observatory, P.O. Box 2, Green Bank, WV 24944-0002
Received 2000 June 8; accepted 2000 July 10; published 2000 August 29

ABSTRACT
Interstellar glycolaldehyde (CH,OHCHO) has been detected in emission toward the Galactic center source
Sagittarius B2(N) by means of millimeter-wave rotational transitions. Glycolaldehyde 1s an important biomarker
since it 1s structurally the simplest member of the monosacchande sugars that heretofore have gone undetected
in interstellar clouds. There i1s no consensus as to how any such large complex molecules are formed in the

interstellar clouds. It may be that the typical environment of dense 1 louds 1s favorable to glycolaldehyde
' grain surfaces or in the
es may undergo assembly

acetic acid, and glycolaldehyde). This work suggests that the phenomenon of 1
as a means of potentially constraining interstellar chemistry routes for those indiv
of good source-beam coupling can be achieved.




Discovery of the Interstellar Chiral Molecule
Propylene Oxide (CH3CHCH-O)

Brett A. McGuire™"?* & P. Brandon Carroll,’**
Ryan A. Loomis.® Ian A. Finneran,? Philip R. Jewell.!
Anthony J. Remijan,' and Geoffrey A Blake?*

Science 352:1449-15582 “
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ASTROCHEMISTRY

Detection of the aromatic molecule
benzonitrile (c-C¢H5CN) in the

interstellar medium

Brett A. McGuire,"** Andrew M Burkhardt,” Ser gcl Kalenskii g8 Y .. /
Chnstophcx N Shingledecker,” Anthony J. Remijan," s :
Eric Herbst,*” Michael C. McCarthy>*°

Science 389:202-208 (2012)
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A&A 649, 115 (2021)
https://doi.org/10.1051/0004-6361/202141156 gt ronomy
Astrophysics

© ESO 2021

LETTER TO THE EDITOR

Pure hydrocarbon cycles in TMC-1: Discovery of ethynyl
cyclopropenylidene, cyclopentadiene, and indene*

J. Cernicharo', M. Agtindezl , C. Cabezas', B. Tercero?, N. Marcelino!, J. R. Pardo!, and P. de Vicente?




Discovery in space of ethanolamine, the simplest
phospholipid head group

Victor M. Rivilla®>'®, 1zaskun Jiménez-Serra?, Jesus Martin-Pintado?, Carlos Briones?, Lucas F. Rodriguez-Almeida?,
Fernando Rico-Villas?, Belén Tercero‘®, Shaoshan Zeng, Laura Colzi®?, Pablo de Vicente®, Sergio Martin®®,

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

Cell membrane C
(phospholipid bilayer) NH2CH2CH20H

Ethanolamine (EtA)

B £ " |nydrophilic’
head

NAS 118, 2101314112 (2021)



Banea dati di ‘Cologne’ :

Molecules in the Interstellar Medium or Circumstellar Shells (as of 09/2021)

2 3

atoms atoms 4 atoms
H2 Ca' C-C3H
AlF CoH |-CaH
AlCI C.,0 CsN
Co** C,oS C30
CH CH> C3S
CH* HCN CoHy*
CN HCO NH3
CcO HCO* HCCN
cot HCS* HCNH*
CP HOC* HNCO

5 atoms
Cs*

C4H
C4Si
I-CzHz

C-C3H2

H,CCN

CHg*

HC3zN

HCCNC
HCOOH

6 atoms 7 atoms
CsH CegH
I-H2C4 CH>,CHCN
CoHg* CH3CoH
CH3CN HCsN
CH3NC CH3CHO
CH;OH CH3NH,
CH3zSH c-CoH40
HC3zNH* H,CCHOH

HCCCHO  GCgH"

NH,CHO  CH3ZNCO

8 atoms
CH3C3N
HC(O)OCH3
CH3COOH
C7/H

CeH2

CH,OHCHO

I-HCgH*

CH2CHCHO

CH,CCHCN
H,NCH,CN

9 atoms
CH3C4H
CH3CH,CN
(CH3)20
CH3CH,0H
HC7N

CgH

CH3C(O)NH,

CgH"

C3Hg
CHoCH,SH

10 atoms
CH3CsN
(CHa3)2CO
(CH20H),
CH3CH,CHO
CH3CHCH,0

CH3OCH,OH

c-CgH4 (2021)

HoCCCHC3N
(2021)

11 atoms
HCoN
CH3CgH
C,HsOCHO

CH30C(0)CH3
CH3C(O)CH,0H

(2020)

C-C5H6 (2021 )

HOCH>CHoNH;

(2021)

~250 molecule identificate

12 atoms
c-CgHg"
n-CzH7CN
i-C3H7CN
C2Hs0CH3

1—C-05H5CN
(2021)

2-C'C5H50N
(2021)

= v

>12 atoms
Ce0"

Cro"

Ceo™
c-CgHsCN
HC{1N

1-C4gH7CN
(2021)

2-C10H7CN
(2021)

C-CgHg
(2021)
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Encrgy chnngc AH where H = Inner heat

— Hproducls = Hreactants

Energy/ki Transmon A,) -@

Activation
energy

Reactanis

i Hproducts > Hreactants

transferred to

break bond Energy released
as heat to

surroundings

AH = negative onducts
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Hprodotti Hreagenti = AH <0 Hprodotti Hreagenti =AH>0
variazione di entalpia negativa variazione di entalpia positiva

(cede calore). (assorbe calore).
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Prodotti

Coordinata di reazione

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



.

<

‘Le condiziont del mezzo tnterstellare A

2 TEmperatura: 10K — 200 K
Dewsita: 1 - 10° particelle/cm>

BASSA P: pochissime collistont
al wmassimo 1 urto

Bassa T: Reazionl Esotermiche
Nessuna barriera

densita di 10* pért/cms = pressione di 2.8x107*° Pa (~=2.8x107*° atm.)
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Reaction Coordinate
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Reaction Profile




iLe cowoliziowi del mezzo 'LwtersteLLare 5

"}';,Tempemtum 10K — 200 K.
pDenstta: 1 - 10° partwcLLc/omS

Uno dei reagentt deve essere
MOLTO reattivo!

Bassa P pochussume coLLstm

Bassa T: Reazilonl Esotermiche
Nessuna barriera

densita di 10* part/cm3 = pressione di 2.8x107*° Pa (~=2.8x107*° atm.)
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carbon radical carbanion
(neutral)
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Gas hase

- ) Photodesorption
bombardment - Molecular ‘

formation
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Chemical
processing
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Direzione della circolazione del vapore acqueo

Condensatore

Acqua fredda =—>

Punto di saggio
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Fonte di calore

Acqua raffreddata
(contenente composti organici)

Ansa "trappola"
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2008: NASA conferma La
presenza di laght di
Ldrocarburt ...
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14 qennaio 2005: La sonaa HUY GENS dell'ESA riuscl
nell’tmpresa di scendere al swolo sulla Luna nebblosa di Saturno.
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R016: ROSINA

(Lo spettrometro di
massa a bordo della
sonda spaziale
Rosetta) ha permesso
Utdentificazione nella
“chtoma” della cometa
&FP/Churyumov-
Gerastmenlko della
glicina, Ll pio plecolo
aminoactdo, e del
fosforo (P), un altro
elemento chtmaleo
fondamentale per
L'origine della vita.




lella cometa vilasciando gas e polvere che hanwo originato ung
era attorno alla cometa (La costddetta “chioma”).




1969: wei pressi del
villaggio rurale di
Murchison (Australia)
cadde una meteortte di
tipo carbonaceo, La
meeteortte di Murchison.
Una oelle meteoritt plit
famose e studiate fino a
glornl nostri. La sua
fama & legata alla
presenza in essa di oltre
0 diverst aminoaclol,
composti organict che
sono alla base della
blochimetea, cloé

della chimaica della vita.




Murc/son & a/tre reteorids

Enrichment of the amino acid L-isovaline by aqueous
alteration on Cl and CM meteorite parent bodies

Daniel P. Glavin' and Jason P. Dworkin

National Aeronautics and Space Administration Goddard Space Flight Center, Greenbelt, MD 20771

Edited by Jack W. Szostak, Massachusetts General Hospital, Boston, MA, and approved January 23, 2009 (received for review November 15, 2008)

The distribution and enantiomeric composition of the 5-carbon (Cs)
amino acids found in CI-, CM-, and CR-type carbonaceous meteor-
ites were investigated by using liquid chromatography fluores-
cence detection/TOF-MS coupled with o-phthaldialdehyde/N-
acetyl-L-cysteine derivatization. A large -enantiomeric excess (ee)
of the a-methyl amino acid isovaline was found in the CM mete-
orite Murchison (Lee = 18.5 + 2.6%) and the Cl meteorite Orguelil
(lez = 15.2 = 4.0%). The measured value for Murchison is the
largest enantiomeric excess in any meteorite reported to date, and

CM2-type meteorites could point toward a possible prebiotic
contribution to the origin of biological homochirality by the delivery
of extraterrestrial organic material from asteroids and comets to the
early Earth, These analyses showed enantiomeric excesses of the
left-handed form (L. ) ranging from 0% to 15.2% for isovaline and
enantiomeric enrichments for several other a-methyl amino acids,
including a-methylnorleucine, a-methylvaline, a-methylnorvaline,
a-methylisoleucine, and 2-amino-2,3-dimethylpentanoic acid (8-
11). Pizzarello et al. (11) also found a possible correlation between

PNAS 106:54F 76492 (2009)

valore wmisurato per ia Murchison e Leccess

enantiomerico pid grande mai riportato finora .

‘arricchimmento  dell’l-itsovalina W  queste due

meteoriti carbowniose wown pu& essere il risulkato 4
‘ . i amineacidi Enanobot @&

HIAQ _CONTANMLIAG 2LONE QA




Lumanitd osserva il cielo da millenni ...
...  wmolkissime domoande attendono,
ancora una rispos%a e

+

o L c:»ngme cietta vu&x su,i,i,a Terra & -
‘ancora un mus&ero da r:,sc:-i,vere

L4 y e e +-* ik :
B - . ’ i : b .-:'.‘ ; 5 /A "yl
- : sy FSI - e AR "

.+ L'avventura continua ...

£



.
..
-

L L

ATTENZIONE



