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Star-Birth Clouds - M16 HST - WFPC2

PRC95-44b - ST Scl OPO - November 2, 1995
J. Hester and P. Scowen (AZ State Univ.), NASA
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Stovkorn

SNSU58  SKU 14,6800 1vm WD 8

Sod-partikler: Grafit, Amorft Kul, HAC, PAH, Polymerisk
Carbon, Diamant

Sand-korn(silikater):
Olivines (MgZSiO4, FeZSiO4)

IS: HZO, COI
CO,, CH,0OH, CH,, H,CO ...



Polycykliske aromatiske kulbrinter
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Sky sammensatning

Atomer:
H, He, O, C, N, Ne, Si, Mg, S, Fe....

>200 Molekyler:
H,, CO, CO,,0,,H,0, NH;,CH;0H ...
Sukker: glycolaldehyde (CH,OHCHO)

Stovkorn



H, dannelse

Ingen Dipol Tilladte Overgange

|

Ingen stralingsstabilisering

3-legene kollisioner — ok ved hgj taethed

Q ®
o ° &

Diffuse/Taette stjerne tage taetheder => ~Ingen 3-legeme kollisioner
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Energi fordeling ved H, dannelse ?

EfrigivetN 4.5 eV

Til: >0.000 K 140 }
o

viO0
Kinetisk energi ? Molekylzer eksitation ?

Hﬁm

Stgvkorns opvarmning ?




Energi frigivelse af H, dannelse og termisk

T(K)
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Flower & des Foréts, MNRAS 247, 500 (1990)
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Bringing the Interstellar medium to
a laboratory near you
Wi )' 37'




Genskabe interstellare betingelser ?
Interstellart tryk:
P= 1013 atm
Interstellare temperaturer:
T=6-1000 K
Relevante overflader:

Is, grafit, amorft kul, silikater



Overflader af interstellar relevans

Atomar deponering

Grafit Vand is
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STM Princip
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STM og vibrationer

STM nal: ca. 3 cm
Nal-prove: 0.1 nm

Nal-prave vibration < 0.07 nm

Eiffeltarnet: 320 m
/ it Eiffeltarn — jord: 1 um
= TR Eiffeltdrn — jord vib. < 0.1 um
L i 7
-] N




Hornekaer et al. PRL 96, 156104 (2006)

A: Ortho Dimer
B: Para Dimer
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H, dannelse
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Opvarmning



Kinetisk energi af D, dannet pa grafit

~1.3 eV i translation

0 1.0 2.0 3.0 4.0
Translational Energy (eV)

S. Baouche et al, J. Chem. Phys. 2006



H, dannet pa porgs vand is

Overfladestruktur

bestemmer energi- langsomt H,
fordeling '&
Porgs overflade:

Stgv opvarmning



Resultat

Overfladestruktur bestemmer energi-fordeling




Stgvkorns morfologi

D058 SKU X14,600 1vm WD 8

Bare korn — pordse og ikke-porgse

Is daekkede korn



Energi frigivelse af H, dannelse og termisk
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Brint atomer pa PAH molekyler













Overflade Reaktioner




Graenserne for lav-temperatur kemisk kompleksitet?

@& ™ W e B [ = ONE Aminosyrer

Simple Sugar
Simple Sugar (Ribose)

(Erythrose) HCO

Simple Sugar o etc.

Simple Sugar (Glyceraldehyde) W
(Glycolaldehyde)  HCO HC(O)CH(OH)CH(OH)CH,0H |
~P{HC(O)CH(OH)CH,0H|

"x,CH OH

- 3
(Ethylene Glycol) | H,C(OH)CH(OH)CHOHCH,OH|
Sugar Alcohol q o
(Glycerol)
) a ‘ (Erythritol) Sugar Alcohol
j (Xylitol)

Sugar Alcohol



Hvordan opstod livet?




| atmosfaeren?

cloud
formation

primitive
atmosphere

earth's
primitive
oceans

. power
boiling : supply
flask collecting trap

Miller-Urey eksperimentet

condensing
column

Stanley Miller, 1953

Brint Kveelstof Kuldioxid Vand ammoniak Methan
(H2) (N2) (CO2) (H20) (NH3) (CH4)

e 000 A A ‘



Hydrotermiske Huller

H,0 temperature
suitable for
organic chemistry

=]

7.




Tidevands-pytter




Fra rummet?




Graenserne for lav-temperatur kemisk kompleksitet?

@& ™ W e B [ = ONE Aminosyrer

Simple Sugar
Simple Sugar (Ribose)

(Erythrose) HCO

Simple Sugar o etc.

Simple Sugar (Glyceraldehyde) W
(Glycolaldehyde)  HCO HC(O)CH(OH)CH(OH)CH,0H |
~P{HC(O)CH(OH)CH,0H|

"x,CH OH

- 3
(Ethylene Glycol) | H,C(OH)CH(OH)CHOHCH,OH|
Sugar Alcohol q o
(Glycerol)
) a ‘ (Erythritol) Sugar Alcohol
j (Xylitol)

Sugar Alcohol
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Murchison meteoritten

~92 aminosyrer
19 jordiske
8 vigtige for liv

~20 forskellige sukkergrupper

Australien 1969, 100 kg
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Planetary system



Blev livets molekylaere byggesten
—aminosyrer, DNA baser,
sukkergrupper, fedtsyrer -

dannet i det interstellare rum fer

solsystemet blev skabt?

ACETYLENE



‘The Habitable Zone -

Optlmlstlc Habltable Zone

A.A7,ooo.- < — . \
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Planets: PHL at UPR Arecibo, NASATIPL ' “ Starlight on planet relative to sunlight on*Earth
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