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A new science:

ASTRO-BIOLOGY

The science of LIFE

* Origin of life on Earth?
* Is the life we know a unique event in the universe?

5th Workshop of the Italian Astrobiology Society

Life in a Cosmic Context

15-17 September 2015, Trieste, Italy

ASTRONOMY

« Astrophysics & Astrochemistry + geology, ecology, planetary science...
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Origin of life?
W
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Spontaneous generation on  pgjjvery of extraterrestrial
Early Earth? material through e.g. meteorites?

!

Search for organic molecules in space
The building blocks of life




How do we detect molecules?

The fingerprints of interstellar molecules ,/////7%?\/,
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- When molecules vibrate and rotate emit photons in the radio and (sub)millimeter spectrum.

rotation vibration gr o o-online graphic (1300 K)

CH3OH spectrum

- Each molecule produce a unique spectrum.

ALMA radiotelescopes (Chilé)
- Ground based and space telescopes are able to
detect these photons.

IDENTIFICATION OF COMPLEX
ORGANIC MOLECULES IN THE SPACE |
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Species Name Source Species Name
Hydrocarbons N-Containing

C:H, Ethene cire CH;ON Accronatrile

HCH Butadiyne cire CH;NC Methylisocyanide
H,C, Butatrienylidene cirg, ¢, o CH,CONH Keteneimine

CH Pentadiymd cire, ce HC,NH® Prot. cysmoacerylene
CH,C: 1 Propyne oc, Ie N Cyanobutadiynyl
CH Hexatriynyl cirg, o, I HOCN Cyanopropynylidene
CH Hexatriynyl ion cirg, o, le CHNH; Methylamine

H,C, Hexapentacnyladene cire, o, le C,H,ON Vinyloyaside

HC.H Triacetylene cire HO4N Cyanodiacerylene
CH Heptatrivend cirg, o CH\CN Methyloyanoacetylene
CHCH Methylducetylene (53 CHCCHON Cyanaallene
CH,CHCH, Propylene o NH,CH,CON Amincacetonitrle
CH Octserraymyl cire, ce HC,N Cyanotracetylene
CH Octatctrayeyd son Cire, o CHON Progeonitrile
CHCH Methylerisccrylene (53 CHCN Meshyloyanodiscetylence
Coll, Benrene cire HC,N Cyanotetrascerylene
O-Containing CH;CN N-progyl cyanide
CH, 0 Methanol ce, he, ge, of HC N Cyamopentaacetylene
HCCHO Propymal he, ge S-Containing

oG H0 Cyclopropenome gc CH,SH Methyl mercaptan
CH,CHO Acetaldchyde ¢, he, g N, O-Containing

C;H,OH Vinyl alcobaol he NH,CHO Formamade

o CH:OCH; Ethylene oxide he, ge CH;CONH, Acetamide
HCOOCH, Methyl formate he, ge, of

CH,COOH Acetic acid he, go

HOCH;CHO Glycolaldehyde he, ge

C.H,CHO Propesal he, e

C:HOH Ethanal he, of

CH,OCH, Methyl cther he, ge

CHCOCH, Acctone he

HOCH;CH; O Ethylene glycol he, ge

CHCHO Propanal he, ge

HCOOC; H; Ethy] foensare he

Detection of “complex” organic molecules (COMs)

First detections of “COMSs” in space (1970):

J

CH,OH (Methanol)

> 150 molecules detected
> 50 with 6 or more atoms

Herbst & van Dishoeck (2009)
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Where do we look?

Cold molecular clouds
(without star formation)

Star-forming regions
- Galactic Center (extreme conditions)
- Hot cores (massive stars)

- Hot corinos (sun-like stars)

Circumstellar disks and
molecular outflows

OPEN QUESTIONS:

» Do they share the same molecular abundances?

* |s the chemistry similar despite of the different environments?
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Let's start by “the simplest complex”...

%i, Glycolaldehyde (CH2OHCHO)

/ / 3%’ Ethylene glycol (CH20H)

o | [, ] oo Dot oS s
CH0H CH,0H COH
a0 (::ao >|—(|2—'ON -0~(::-—~0N CEEX
CHy0H CHZOH CHZCH
Ditrpdraeyacstons Giyend Giyoane acid
160 renan'g [100%) 80 rmavy
c‘:rizoﬂ 1;.094 &‘:DZH ?QEH ?0204 (I:QEH
H—C—0OH H—C—0OH H—C—0H 00.2'4 H—C—0H H—C—0H H—g—H
4C — H—(!'.—OH H—('I—(H PO—(IJ—H H,C—é—OH H—(‘:—H H—(|J—OH H—(f:—CH
n.l,n,ou clzu,ou tl:c,H CHyOH éu,o»a <|:u, tl:u,cu
Enyheitol & Threitdl  Enythronio & Threonic Tarurc & 2:Mathyl ghyoerlo ackd 2,4 Dibydrowy 2,3 Diyoroay butyio 3, 4 Dibydroxy
{19%5) ackd (dnmoly AMesotartato aoc butyric aod acid (& classercomer) butyrio acid
CH,OH COH COH COH
Mo G == N-—(l:"‘()‘ N—‘é—()‘ N—(I)—N
5C o N-—(::-ON N—(:t—-ON HO-—('::—N M—(IJ-ON
Mo G =M Mo G == M= G == O W= G == CH
CIH,OH t.!.H,oo-o cl:o,H <I::—;,0H
Ribtol & |somens Fibanic acid 2. 3, A-Trirgcsxcy 2-Decypentonic sc0s
& lsomens Pursanediaic acd
ol i i = ik
H—C—0H H—C—OH H—C—0CH H—C—H H—C—0H
5D—C|2—H HO—(‘i—H HO—-\J;—H H—C—0H H—C—H
6C * u—c':—-crq H—(li—OH H—(ll—OH H—C—OH H—C—OH
H—C—O N—(l;—ON H—C—CH H—C—0H H—C—0H
rl:u,ON (I:u;ou (':o,n <|)o._.on <|:u?000
Ghectol & leomees Ghoonic scid Gheanc agd 2-Decory xonic sciks F-Decayrmaons sco
& lsomens & msomers

Complex organic molecules detected in the Murchinson meteorite “in situ” (Cooper+01, Nature)
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Glycolaldehyde (GA) (CH,OHCHO)

« It is the simplest sugar.

» It can react with propenal (3-carbon sugar) to produce ribose, the central
constituent of RNA.

R ala 24

Glycolaldehyde Propenal

RNA
Ribose

Ethylene glycol (EG) (CH,OH)

>
* It is the simplest sugar alcohol (sugar + hydrogen atoms) ‘)W
» It is the reduced alcohol of glycolaldehyde

<J

Important role in interstellar prebiotic chemistry
associated with sugar synthesis
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DUST AND
MOLECULAR GAS CLOWOD

NASA- Lara Clemence

Hot molecular cores: a perfect
laboratory for astrochemistry

e Molecular environment surrounding massive stars (M > 8 Msun)

* The radiation from the star evaporates the complex molecules
molecules from the grain mantles.

* Very rich chemistry.

OUR TARGET: G31.41+0.31 HOT CORE

Complex molecules already detected:
CH,OH, CH,CN, CH,CHO, C,H.OH, C_,H.CN, HCOOCH,,
CH3OCHO, CHSCOCHs... (e.g. Fontani+07, Beltran+09)

Good candidate for the detection of GA and EG

Tigas)=200- 1000 K I (dust) MK 60K 45K ~MNK
NN\ oo
complex arganics (&
H,0, CH,0H, NH, \ N, —

Si0 ;s CHOl 0,
. \\//- CHeN o \m:\'" _

7 \\ I’.‘,'"""J" I e
11,0 ice / / - .5,
Hot Core : / / .‘
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 First detection outside the Galactic Center by

Beltran et al. (2009)

G31.41+0.31
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Detection of glycolaldehyde in G31

G31.414+0.31 1.4 mm
. —
40 CHy(OH)CHO
(205,48~ 193.47) I
- 30
- :
- 20  meoocns-a
a4} L
s - I
N e
OF a L 2 1 2 ‘ s -lv a
220.44 220.455 220.47 220.485
2.1 mm
| v | v L v 1 v |
0.6 - - CH(OH)CHO (145,44-13,,3) -

143,635 143,64 143,645 14365 1438655
2.9 mm
] b | J o 1
0.2 | CHy(OH)CHO Y E
(10,5-920)

Tg (K)
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Detection of ethylene glycol in G31

Up to 30 “clean” (not blended) lines
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Detection of ethylene
glycol in G31
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« Compact spatial distribution
 EG & GA: very similar morphology

DEC(J2000)

Hint of common synthesis pathway
(species chemically related)

HOW GA & EG WERE FORMED?
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Spatial distribution of GA and EG
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Rivilla et al, in prep.
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O H H
OCQOH <= HC, O mmp CH,_COctonc) mummmlpr CHZCHO

2 2
C’(ketenyl) H \ 5

I

,CHO
CO+H,C ‘H (CH,OH),

ethylene glycol)
\ HOCCOH giyoxa (glycolaldehyde)
H\CHZOCHO H

— (F) Woods+13, Fedoseev+15
— (A) Sorrell+01, Woods+12
= (E) Charnley&Rogers+05
Fedoseev+15 S

—— (D) Beltran+09,Woods+12 o .’%
= Charnley&Rogers+05 ! @ ,
(B) Bennett&Kaisser07, Garrod+08, Butscher+15




Joint study is the only way to really understand how COMs are formed in the space

Chemical (+ physical) models

Laboratory

Observations experiments
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Source

Hale-Bopp (comet)
Lemmon (comet)
Lovejov (comet)
IRAS 16293-2422
NGC 1333 IRAS2A
NGC7129 FIRS2
SgrB2N
G31.41+0.31

Orion hot core
W51e2

G34.3+0.2

G-0.02, G-0.11,G+0.693

[EG/GA]
>6
>3
>5

1.3
3-5
>10
>16

1.2-1.6

Observations: EG/GA ratio

EG/GA is rather different
between sources

EG/GA> 1

Do the differences arise from the origin (the
grains) or are a consequence of subsequent
evolution?



Chemical models and laboratory:

EG/GA ratio
Fedoseev+15 Oberg+09
Different initial atom H density Different compositions of the ices
o T RET ' I

—— HC(O)CH,OH i EG/GA>1 S
T 10 || HCoHICH,oH ’r E 10° .§ CH3OHCO EG/GA
3 ' EG/GA<1 1 - Pure CH,OH >10
2 107 ‘g
g 10"r E 3
s { o 1:10 <0.25

| | .2

L ! 1 1 1 1
10’ 10* 10 10’ 10 10°
Time, years

OTHER EXPLANATIONS: - Different destruction efficiency in the gas phase?
- Different timescales produce different ratios (Garrod+08).
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Observations & chemical models ,.»'({jf

Predictions from chemical models for the formation of glycolaldehyde (Woods+12,13):

ROUTE 1) CH,OH + HCO —— CH,0OHCHO +H
H,CO + HCO + H ——  CH,OHCHO
ROUTE 3) 2HCO +2H  ——  CH,0HCHO

DIAGNOSTIC DIAGRAM (from Woods+12,13 models)

]’ T T ¥ 1 L 3 I LS T F T A | I v T T LS L} I L A )
2T ) . . .
107 | * The 3 proposed routes predict different ratios of
. - abundances
I A
Q R
H-) R
T 1 | N
O . -
~
O e
O ) - - -
I, 1 Determination of multiple abundances
1072 F - ratios involving all the molecules in
i Route ] a complete sample of regions
l A A A A A l A A A A ' l A ' A A A l A

02 1 102 10*

[HCO,/CH,OHCHO]
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