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When and why astrophysics come into the picture

Astrobiology — 1953, Gavriil Tikhov, IAU C51, 2015
Astrobotany — 1945, Gavriil Tikhov
life on planets - photometry

Xenology (Xenobiology) — Robert Heinlein, 1954
biology of foreigners — science fiction, other chemistry

Exobiology — J. Lederberg, 1960, NASA — planets,
contaminated by our viruses, S. Kaplan -existing life
BioAstronomy — 1982, 2006, IAU Comm. 51

origin and search of life
Astrobiology — Life in Universe — (commonplace ?)
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Are Miller-type experiments adequate ? No !

1. Terrestrial primitive atmosphere was not
reduced, only N, and CO, (butnoH,,CH, =

no polymerization/condensation in the gas-phase)

2. Produced aminoacids are racemic.

CH, —

NH,

H,O

H,

+

L ar— ——

Energy
source
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ophttwl] uwunnygutiph
dwnwqujpwiht phuhwljwub
wnihukphqughw b/jud
wnihinunkbiumghw
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®nont hwnhlyp: Uhoniyp ~0.01p, punuipp ~0.1-0.5u
Lhuhwjub bwin - pkwljnnp

Gas-phase o ;
otodesorption
HombarHman > Molecular " ¥

formation

&

3., R - HCOOH _ =
B0 s PO ¥ UV irradiation
carbonaceous shell * CO
H, o ( lsmcate gore” 7
e d
3y R < :,,,,,» e ocs Chemical
COo,  C;H:OH processing




Onpdwpuwpujul wunnuphghljw

Uwnnygubph dwnwqujpuhwupnid
H,0, CO, CO,, NH,, CH,, CH,OH 1 wj] wdktiwwunwuwn

guodn oipdwuwmhdwuubkp - 5-100 K
dwubhlubp 1-10 UL (Kaiser et al. 1990-2000)
wpwowimy kit whpuwnhy wshuepwshikp

< C29H60
wpndwwnhly (PAH) <C,H,



Swnwqujpuyhtt phthwuljwtu Gip

Uwingt dkpwl, 7 ULY, wpnunuukp -
Kaiser et al. Astrophys.J, 1997
®npdh Yhubnhljuyh bjupugpmpniun -
Yeghikyan, Viti, Williams, MNRAS, 2001
Keheyan, Cataldo, Yeghikyan, Astrophysics, 2004
Swnwqujpwiht phuhuljub wynjhnunkiuwghw
G ~ 1 Ungkln1y/100 £9,
~0.29 £4/q.wm. .
~5 4 /uniklny nnquyh dudwtwly



QU f[mumhhhp‘ 10-12Ed,  (Dworkin et al. 2004)

H,0:CH;0H:NH;:CO juwununipnh Swnwquyjpniu
15K
C,H, ,n <22 - nwupphp wéuwepwshiibp
wdhuwppniutp,
HMT - C.H,,N,

Swnuwqujpwhwupdwb tnqu =
Znup - Yunpywodp - Fudwbiwly

QU nnquukp ~ 25 £9 /Unjklny



Luwpuw- b jEhuwdnitlnyubph wnwowugdwt ujubdw

1. Mupqugnij Unjkynijubph wnwowmgnid
2. ®non1 hwnpljukph vungt punuupttn
3. Pupnugnid - ynjhdkphqughw

4. hpwihqughw - "dAwj" jud "we"

5. Luijuwmpohoubph dkntumgnmu - punuupe
6. huptuwyEpwpurnunpdwt wqnphpd

7. Qulp
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Uni&yntywp * wnwntywd
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Lug) 1 - wupqugniu Unjklnyukp
Pumpwgpnn dwdwbwljukp - pninnnhunghughw
1 1
t(PD) = Kyv(0) -Ggs—t 109 —10-11°
= 33 — 3300 years

Uhowuwnnujht wdybkph yuwonywubyjwo

whpnypubpnmd  H, -h thnonit hwwhlubkph Jpw
wnwowgdwl punipwugpnn dudwbwlp

t(H,) = — yr > n=>10%cm™3 - t(H,)

15



H, and CR => Molecules in the ISM or CSE

2 3 4 5 6 7 10 12 >12
8 atoms 9 atoms 11 atoms

atoms atoms atoms atoms atoms atoms atoms atoms atoms
H2 Cg* C—[:3H CE " CEH [:BH [:H3C3N [:H3C4H [:H3C5N HCgN C—[ZeHe* HC-|-|N ?
AIF CoH I-CaH CyqH IH7C4 CH3CHCN HC(0)OCH3 CH3CH2CN  (CH3)pCO  CH3CgH n-C3H7CN Cgp*
AICI C70 C3N C4Si CoHy* CH3CoH  CH3COOH  (CH3)0 (CHOH);  CoHsOCHO  iC3H7CN  Cpp*

" . . , . . e CoH50OCH,
Co CoS C30 FCsH5 CH;CN HCgN CsH CH3CH;0H CH3CH;CHO CH30C(O)CH5 , Cgo' ™
CH CH, €4S ¢C3Hy;  CHaNC  CHiCHO CgHy HCN ;J%CHCH?D
cH* HCN CoHy* H,CCN  CH30H  CH3NH; CH,OHCHO CgH
CN HCO NH3 CHy* CH5SH c-CoHsO FHCgH ™ CH3C(O)NH5

L hcrcHo Et cet
co HCO*  HCCN  HCIN  HCaNH*  HaCCHOH (?'}"QCHCHL CoH- cetera
cot HCcst HCNH* HCoNC HCoCHO CgH™ CH2CCHCN CaHg
cP +  HNCO  HCOOH NH.cHO CHINCO \ Nep,on CH3CHZSH
HOC 2 oNCH3
2015 (7)

SiC H50 HNCS HCNH  CsN CH3CHNH

ob s wocor o HEAT T 2019 almost 200 molecules have been
KCI HNC HoCO HoNCN IFHC4N .

W mo men  me  enco detected in the ISM/CSE and 61 molecules
+wconi = in other galaxies (as of 11/2016).

? o

” astro.uni-koeln.de/cdms/molecules

NS MgNC H30* HoCOHY  CgN™

NO MgCN H-CS SiHy*



Glycolaldehyde, HMC, Beltran et al., 2009

(HMC - hot molecular core)
| | | | I |

0.2  CH,(OH)CHO - :
(10,9=920)

g LK)

i | i | i | i
105,665 105.67 105,675

Optically not active v (GHz)




Glycine (C,H:O,N, 206.468 MHz) ?, Kuan et al. 2003
(optically not active)

{]'E!_I'r l ‘ I | I | | I |

0,99 II % i Orion KL

0.21 - | [ & l -

013 | | I-.L I -
| J L

0.050 [~ | 1 | Ul-

L - Ly [t

—0.030 ' — '



£uj] 2 - thnont uvwungyu punuuptbp

Ononi wnpynipubpp - SN dbwgnpnubp b AGB pudhukp
Gpwdhwn b/jud upjhjunk dhgniljutp ~0.01 p
H,0, CO,CH4, NH3, HAC, CH30H uwinnygutp ~0.1 p

3-107
vhun uwpp Uhpwduypnid € = - wnwph

Uunnuunwowugdwl mhpnypibkpnd, n > 10%ud 3,
T~10—-20K

t~10° nnuph



£uy) 3 - pupnugnid wdy bpnid

Q.U (6-13.6 eV, VUV) L
SU (1 MeV -1 GeV, CR) wuydwtiwynpywsd

Swnwqujpuihtt phhwljut wnjhdkphqughw
Uu/jwd wynihlnungktiuwughw

Pum pwuigpnn dudwbwlubp
10-50 dju nwuph



Uwrnygbtpp gnjuiunbinid GO A |, > 3 nbwpnia,
N=2-1022-A,, cm™

Upuwwpht QU dwrwqu)pntd

\
™

uwrnygltp
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CLOUDY - Ferland et al. 2017

1D-3D, dhowuwnnujht wmdwkph dnnky
Lhuhwljut i Edkuwnukp: 1-30,

wwnndubtpp pnjnp hntitkpny - CHIANTI
vnmpniiibpp wdwbp, ujujunuljibp
‘Thtuwdhly, ny unughnbwp, Lmnwquypnid
Unu 90 Unjklnyy, & H, 0, CO, OH uwunnygubpp
Onjuwqntgnipiniuutpp ~900 $nwnn-nwnhn-
phupwljwt (pninp htwpuiynp)

Yeghikyan, A. 2017b, On dust irradiation in planetary nebulae

in the context of survivability of ices, Molecular Astrophysics,
Volume 8, p. 40-47.



Swnwqujpwiht nuown 1 b SU
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Swnwqujpujht nuown 2 b SU

1097

1074 1077 1074 1077
energy, Ry energy, Ry
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D, eV/mol.

D, eV/mol.

1-3 thny iph Unpjuynpnid” UV - CLOUDY
10-50 U1 nuph, n~103ud 3, [~30 wly
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100.0F 7
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Shtigipuijut dmuhhllhhp]} lemllmbllm] nid

1074
o0 - --"~Cpoperetal.2003
i[5 1070 :
’ E Br Shen et al. 2004
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F, gactam cm 2-¢c 1-MbLB!

Shiqhpwljut dwuthljutpp wdwynid

n~103 cm™3,1~30 pc

L

0.100¢f g 100.00F :
= 10.00} -_
- . 5
" _

D.Dm;ff o 1.00}
o :
B 0.10 4
E :

0.001 . - 0.01 B

1 10 100 & 1 10 100
E, M5B o E, M>B
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SU - nnquukpp, 10-50 Ujz mwuph

OH:NH-:CO

wdwy: H,0:CH <

100.00

' §
[ | 5
e — E

1.00F - --rereenns

R m om o m = &
R m = om . o= =
= - om m g =

D, eV/a.m.u.

0.10F | .

0.01 1 T

1021
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F,gactanm - cm ¢ -MbaB!

SU-pp punnugdwih mhpnypnid

n=>10°cm™3,1~0.1 pc

1 10 100 1000 10000
E, MaB

1 10 100 1000 10000
E, M>B

F,aactam-em 2 ¢ L-MbB!
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SU - nnquukpp, 10-50 Ujz mwuph

hawnwugnid: |—|20 CH3OH NH £:CO
100.00 T e

10.00 }

1.00 -

D, eV/a.m.u.

0.10F

0.01
10

29 10
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ASTROCHEMISTRY-UCL

166 Unjkynijukp, nphg ~ 30 — whtn dwqu

1779 dnunin-nunhn-phuhwuljui
hnjuwqrlgnipjniuubp

(13 uvlnwughnuwp, 10 K



Uwnnygutph Enpjnighwt: 10%2-107 ud
1 dju mmuph, (~0.1 gl

o(i)/ n(H>)
a(i)/?(l-lz)

=
o

10" 102 10° 10° 10 10% 107
Bpewms, et Bpems, et
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£ug] 4 - phpwjwgnid
Unjtlnyjup hmdwswhnipjubt pwponnid

Yyuiph wpwidtwhwinlmpmiun k' Pasteur
Lhpwjugnudp twjunpynly E jjubpht
®nont Uhongny b ghuwynpubkpny hwukb kE Gplhp

Cpowtwght phkpuugws nyju ~10 9,
wuydwbwynpnid £ ukjtiunhy pninnphuhw

U phpw wdhtwppniutph twpupuwnpbh

wnwowgniun
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Terrestrial organisms use one enantiomer only

[ .-alanine

D-alanine L-alanine
(Right Handed) (Left Handed)



Protein synthesis, gene transcription, metabolism
essentially depend on homochirality

A HL
* _:_—-"- - T

- COOH




R-propylene oxide

/
e
FaR

/.
N

Sqr &

S-propylene oxide

/O

First
chiral
species
detected

In space
McGuire
et al.
2016




Propylene oxide in Sagittarius B2 North

LS&)’; o ‘\i‘

CH, CHCH, O

McGuire et al., 2016: "The next
step is to detect an excess of one
enantiomer over the other"
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Lug) 5 - dEnrumgnid

Lujuwpohgubpp bwjuwBplph Jpu
- Zwicker et al., 2017, Haldane, 1955, Oparin, 1924

[

~ Deamer, 1980 -
* " "membrane first" hypothesis
" needs the lipid bilayer
- (lipids, pospholipids, et cetera)

McCarthy, Calvin, 1967 - polyisoprenoid compounds first !
Keheyan, Cataldo, Yeghikyan, 2004; Yeghikyan, 2015 -
discussion

39



Membranes first in aqueous environment

McCarthy, Calvin, 1967 —
polyisoprenoid hydrocarbons role

Isoprene — (C;Hg ) -2-methyl-1,3-butadiene :
CH, = C(CH;) — CH = CH,

and derivatives play an important role

as membrane making subunits.



Observational tests for polyisoprenoids
Yeghikyan, 2015
CR and VUV induced Polycondensation of solid CH,
=» aliphatic heavy hydrocarbons up to C,4H,, .
Aromatization due to VUV =» small PAH, e.g. C,,H,,

Circumstellar disks show many predecessors of PAH
with aliphatic bonds.

Search of corresponding lines of solid polyisoprenoid
hydrocarbons in disks, that is vibrational lines of
dienic molecules in the range of 3.23-13.7 um..

41



UV photon and MeV particle doses
UV photons — 6-13.6 eV:

Njce * D= f;,lei'av'dvr D=D;-1

ay = Njee * Oy, @y = 4T " My /4

MeV proton/a-particles

db, E; - dD,
n-Mn —— = f FE)S (BE)AE, D, =|—=]|-1t,
dt Jr dt

7

F(E) = 4nJ,(E). S(E) = dE/dx

42



Comet and Interstellar Dust Analyzer (CIDA) onboard
the NASA spacecraft STARDUST, 2000
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DIRECT CHEMICAL ANALYSIS OF INTERSTELLAR DUST

Kruegel, Kissel, 2000

Qumtus wi_th jmpact seenatN=2300

intensity in Amps

1,0x10™"

0 100 200 _ 300 400
approximate mass scale in Da




Most interstellar particles captured by Stardust
are complex organic compounds

e 2000: “ 3-dimensionally cross-linked
organic macro-molecules, so-called
polymeric-heterocyclic-aromates. They
rather resemble tar-like substances than
minerals.”

 2004: "polymers of derivatives of the
the quinone type, such as quinoline-
quinones “ - ?

* the "hump"” at 218 nm corresponds
precisely to the main peak of

o-dihvdroquinone.



Ujn hwiqudwtpp otiowndk) Ep unnig

Greenberg 1968 «Dust grains are covered by C,N,O,H
containing tar-like structures.

KannaH, NMukenbHep, 1979, pea. boukapes

«Mex3Be3aHble MblIJIMHKN, BO3SMOXHO NOKPbITbI
cnoem BeLlectsa, 62M3Koro K HepTu U
HedTenpoayKTam



Carbon containing species in meteorites — aa with ee !

Compound class Concentration (ppm)
Amino acids/CM meteorites ] ) 17-60
Amino acids/CI meteorites Optically active ~5*
Aliphatic hydrocarbons =35
Aromatic hydrocarbons 3319°
Fullerenes =100°
Carboxylic acids =300
Hydrocarboxylic acids 15
Dicarboxylic acids and Hydroxydicarboxylic acids 14
Purines and Pyrimidines 1.3
Basic N-heterocycles 7
Amines 8
Amides linear =70
Amides cyclic >24
Alcohols 11
Aldehydes and Ketones 27
Sulphonic acids 68

Phosphonic acids 2



Fullerens in NGC 7023 (Berne, Tielens, 2011)

PAH - graphene — C60 under strong UV

Cosa Cal
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Large molecules (nanoparticles) — PAHs — in the cold stellar
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Molecules can also survive inside condensations in

Planetary Nebulae: NGC 7293 — Helix — evidencing
the recycling of organics in the Galaxy — C60, C70 !

[
(G4

&
;
-
| y K
Helix Nebula - NGC 7293 HET « WEPOZ Helte Nebiila HST - WFPC2

PRC96-13a - ST Scl OPO - April 15, 1996 - C.R. O’Dell (Rice Univ.), NASA PRC96-13b - ST Scl OPO - April 15, 1996 - C.R. O’Dell (Rice Univ.), NASA



Examples of PAH
C20H10 C120H36'




PAH observed toward the Galactic plane
AKARI, Onaka & Sakon, 2017
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I PAH Dehydrogenation & Fragmentation

" Only C atom plane

Graphene < PAH

Chain Ring
Cio Cao l Cao

Tangled Random Open cage
poly-cyche cage ‘L 0 v

2D and 3D structures
formation under UV

Fullerene 45
(stable)
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Now and
again - the
best way to

get

complex
molecules
IS via grain

surface
reactions




Astrobiologists are urgently looking for
asymmetric agents for photoreactions

Advantage factors — Goldanskii, Avetisov, 1996
1. Circularly polarized VUV radiation (CPL)

2. Polarized electrons

3. Magnetic fields

4. Rotation

5. Parity violation in weak interactions

6. Surfaces of crystalls (quartz) and clays (caolinit)
7

. Problems of seeding chirality and its
amplification are also challenging s



Where do
Prebiotic
molecules
come from ?
Bl - natal cloud

- disk
- exoplanet




Physical-chemical stratification in the

protosolar disk

Z
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Basics of astrobiological scenarios

. Water for terrestrial oceans was delivered by comets
and IDP around 4.5-3.8 Gyr ago (D/H is well agreed).

. The terrestrial primordial atmosphere which was also
created by such a way was neutral (CO, + N,).

. Organics delivered on the Earth by comets and IDP
must already have contained chiral species because
molecular symmetry could not be broken under
terrestrial conditions.

. Comets impacting the Earth with grazing trajectories
(with o < 5° 2-3 % of all impacts) created first
biochemical reactors or ,little warm ponds“. (!)

. Life (on Earth) has originated 3.8 Gyr ago immediately
after cessation of the ,,heavy bombardment” perics)gd



Possible biosignatures in exoplanets from
astrophysical point of view

Life as we know it is chiral =>
cyanobacteria, chlorophylls => vegetation-
reflection spectropolarimetry — circular
polarisation: corresponding bands at

~ 680,620,590,560,430 nm - Sparks et al. 2009

Also Life needs as a rule H,0 and O, and results CH, :
with spectral bands in =~ 600 — 700 nm and
important IR (=3.4 — 18 p) — Walker et al. 2016



By observed reflection spectra for the Earth
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Surfaces supportlng extremophlles
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Surfaces supporting extremophiles
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Life in the expanding Universe




. [M oyr™! Mpc™]

SFR evolution — Matteucci, 2013
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The Galactic Habitable Zone — Lineweaver et al. 2004

Now

Too Little Time

End of first 6-7

2

= Gyr after the Big
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Ushugdwt npnquujh EYnjjnighwt
wojuwmgnid = gpusth wpuwunnid

~1000 EY,/uUn.
1-6 Gyr — swuwn pupdp dwnwqujpnid

6-7 Gyr 1 hkwnin - puipy
dUhwgnipjniutubph gnjuwnbnid

(heavy HC, optically active aminoacids...)
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puptuyuun yuyjdwuukpp pupn
dhwugnipjniuubph wnwewgdwi b gnyjuunbdwt
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