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Aula 1:

A Evolugao Quimica do Universo:
Nucleossinteses, Evolucao estelar, Meio interestelar, Moléculas.

Aula 2:

Astroquimica:
Observagoes (IR e Radio) e experimentos.

Aula 3:
Astrobiologia:

Exoplanetas, habitabilidade, panspermia, extremofilos.




Aula 2:

Astroquimica:
Observagoes (IR e Radio) e experimentos.

I T, gelos astrofisicos Delivery
Processamento UV, X-ray, raios c6smicos Cometas, asteroides, IPD.
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Como essas moléculas sao detectadas?

Telescopios Inffavermlhos W33a, Proto estrela — Gelo organico!
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Observatorios IR

UKIRT — Hawai

Gemini (Hawai e Chile)

| T R
= 5 - = i e

VLT (Chile) — Interferometria

SOFIA (nasa) Coisa em comum? Grandes altitudes.

Telescopios espaciais e Sondas

1SO (1995-1998)

IRAS (1983)

Spitzer (2003-2009)

Spacecrafts

oz TSN

)
.
S

HST(1999, ...)

Ex. Stardust, Cassini, Mars Rovers




Espectroscopia Molecular no IR — Bandas vibracionais (GELO)

¢« e.g. Stretching mode
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Espectroscopia Molecular no microondas/radio — Bandas rotacionais-
vibracioanis e bandas rotacionais (FASE GASOSA)
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Observatorios Microondas e Radio

305-meter Arecibo- 100-Meter Green Bank Radio Telescope




Observatorios Microondas e Radio

Multi-dishes Inferferometry

epeated for several \1g
different quasars .
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Nuvens moleculares

Aonde mais essas moléculas sao encontradas?
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Moléculas em Galaxias distantes.
12 moléculas organicas (~ 3.5 bi)

Galaxy IRAS FOD183-7111
Redshift 2=0.327

T
First Look Survay
Hyperluminous Galaxy
Redshift z=1.83

Telescopio espacial
SPITZER

Brightness

Moléculas organicas em galaxias distantes!

Moléculas em discos protoplanetarios (gas e gelos)

Nuvem de atomos (ex. H, He, C, N, O, ...) e moléculas
(ex. H,, silicatos, agua, CO, CO,, etanol, acetona,
amonia, ....)

Assistir
videos

E

Sistemas-planetarios, cometas, etcs.




Moléculas em discos protoestelares

*Objetos estelares jovens (YSOs) e discos proto planetarios (N~ 104-108 cm3 T ~ 10-50 K)
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Moléculas em cometas

= Cometas (—80% agua. CO, CO,, CH,

Dust tail —
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Glicina

Moléculas e gelos extraterrestres: outras evidéncias observacionais

Table 1. Ices in the Solar System.

e Luas e Planetas. S

Satollits Observed Specics
(Ref.)
Artist impressions of Enceladus qupiter SO TR
Europa H20, 803, CO2, HaOs
- Ganimede HoO, Og. Oy, COy
Callisto H,0, 80,4, CO,

(Calvin et al. 1995; Nash and Betts 1995)

Saturn

Mimas Hy O
Enceladus H20
Tetis HaO
Dione H20, C
Rhea H;0, O3
Hyperion H, O
Tapetus H,O

(Morrison et al. 1984; Crutkshank
et al. 1984; Thomas et al. 1986)

HaO
Ariel H20
Umbriel H,O
Titania. H.O
Oberon H, O
(Cruikshank et al. 1995)
Neptune
Triton Na. CHy, CO, €Oz, H20
(Brown et al. 1995)
Pluto* N2, CHy4, CO, Hz0
Charon HaO

(Cruikshank et al. 1995)

* After TAU resolution, in 2006, Pluto is a dwarf planet and is recognized
as the prototype of trans-Neptunian objects.




e Luas e Planetas.

Enceladus (lua de Saturno).

Gas

and :
ley Grains

Enceladus “Cold geyser” Model |

H,0 vapor plus ice particies

HOlce T=-T7K
Vet to sarface

Pressurized Liquid H.0 Pocket T=273K

rFy { Fycrotharmal Circutation
& Conwacting ice

Tidal Heating Hot Rock Tickal Heating




Gelo de &gua ~ 99% + silicatos
lcm - 10 mt.
Enceladus?

Anéis de Saturno

Moléculas e gelos extraterrestres: outras evidéncias observacionais

e Luas e Planetas.

Europa (lua de Jupiter).




Moléculas e gelos extraterrestres: outras evidéncias observacionais

North
Pole
Water Ice

* Luas e Planetas Clouds

Marte (T~ -46 °C) gt
LandaES\te

Pathfinder
Lander Site

Water Ice
Clouds

Mars
North Polar Cap

Dust
Storms

Water lce
Clouds

Dust
Storms

South
Polar Cap

Moléculas e gelos extraterrestres: outras evidéncias observacionais

* Planetas andes

Plutdo e Eris

Gelo de Metano

PLUTAOD




Aonde mais essas moléculas sao encontradas?

e Aminoacidos
¢ Bases de DNA.
e Acucares

® Precursores de Fosfolipidios —

n meteorite

Sugas  Sugar

Meohsls

Sugar Aeids  Dicarbonylic

Sugar Aelds

croH

oo

A Emo meg—an Her—on

sl § i —
GHyoH SHoH 0K

Eibytacnicdose  Shel alyeeic arid

ey
[
€ — e wcbow wedes

w b

oo

GO

Byl 8 Thsial

[ oo

o
Wetmon wed-on
wedon wed oo
H—I‘: =0H =G =0
b by Lo

[T 2 concentration (ppm)

Moléculas em outros planetas

Tita

Metano e gelo de dgua fazem o papel da agua e silicatos na terra.
T, ~100K; P _~1.5atm.
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Carbon chains
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Fullerenes and Cosmic Carbon
Pascale Ehrenfreund, et al.
Science 329, 1159 (2010);

DOI: 10.1126/science. 1184855

@Mﬁ

Polycyclic aromatic hydrocarbons

Carbon nanotubes Nanodiamond

Carbon in space. The evidence for interstellar C_*
and detection of neutral C; and C,, fullerene com-
pounds in Tc 1 boosts the number of carbon allo-
tropes present in space. Nanodiamonds and graphite

observations and laboratory data may lead to the
identification of other fullerene compounds, such as
carbon nanotubes or carbon onions. Polyynes (car-
bon chains) and polycyclic aromatic hydrocarbons

(PAHs) are observed ubiquitously in space and are

are found in metearites. Amorphous carbon may rep-
likely involved in the process of fullerene formation.

resent the main component of the solid-state carbon
fraction in low-density interstellar regions. Future

Universo Molecular!

Detected cosmic molecules In Interstellar and circumstellar environments (adapied from Wootten 2001).
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Diatomic

Alcodis, cetonas, acidos carboxilicos, aminas,
nitrilas, ésteres, ...

Hidrocarbonetos, PAHs,

Nos meteoritos também foram encontrados
aminoacidos, bases nitrogenadas e agticares!




Alguns Experimentos de Astroquimica.

1. Experimentos de Radiolise/Fotdélise de-Gelos astrofisicos

- Criostato (10K); to pump

- Camara UHV (< 108 mbar); W S FIIR
- Agente ionizante (puc-rio, GaNIL, LNLS) e il eyl
-FTIR e QMS

-

Star-Birth Clouds - M15




Vento solar (ions baixa energia)
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Table 1. Averaged propenties of solar wind at | au(adapied from Kroll & Trivelpiece 1973, Toptygin 1985
and Zirin 1988),

Properties Chaiel limes Disturbed times

Desity® 10 jons cm=? 20400 ions e~
Bulk speed ~450 km 578 (100-600 km s~') ~T50km s~ (700900 km s~')
Ton temperature 8w 1P K ~3x 1P K
A6 keV ~3keV (1-10* keV)
~L3 eV (01-10° V) ~L5 eV I0I-10° V)
Magnetic field x0T G 3 PROTON ENERGY  (heV)

Energy flux L5 ergom™

APOLLD 6 SUBSATELLITE

A

] 1wt w*

PROTON FLUX (em®-sec.ster-keV)

v 1. (1) Electron fuxes in comet Halley measured by the Ve

205 per cent HY, 4 per cent He™ and traces of €, N, 0, Ne, Mg, i and Fe jons. ¥l 1565) ' ol lovar ebil

Pilling et al. 2006, MNRAS, 372, 1379,

Galactic cosmic rays

{12< Z <29)

(particlas fom’ 5)

lon flux
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N
Table 1. Galactic cosmic-ray (GCR) source abundances compared to | h h
the Solar abundances (normalized to A = 1.0 % 105) ! ' 10° 10° 10°

Distance fo the Sun (AU)

Elem, GCRs' Solar Eeer{ MeVimuel)?
Lox 108 Lox10f
98w 100 Fig. Estimated value of the integrated ionflux(3< Z<11)and
355, - .
T41. 5. (12 £ Z £ 29) with energy between 0.1-10 MeV/u inside solar system
3.0 iz and at interstellar medinm as a function of distance to the Sun. Both
:Ta‘ Galactic cosmic rays and solar wind particles are displayed. Square:
1~ Meyer et al, (1998, 2 - Grevesse et al (1096) mtegrated flux of solar wind jons. Circle and tiiangle: integrated flux

3 — Epuy i5 the maximum energy which can heat a 0.1 pm of cosmic rays.
27 K by a cosmic ray ion.

Pilling et al. 2011, PCCP
Shen et al 2004; Drury et al 1999




Heavy cosmic ray

Typical dense cloud grain

,lee mantle

Confined sputtered
molecules

Ton track
Ton track

Processed
, molecules
/Atomizagéo, |

Sputtered
Sputtered I “Eu VM‘L, s
molecules Re-adsorbed 1ght species

~ molecules
7 v

\ :
\I ahesf .
; S 10"
@ Water-rich 10e mantle
\ Sputtered
\ silicate/C
Pmce;vcd Silicate/Carbon grain sl
molecules clusters
| um 0
100 nm
10 nm

Fig. 7. Schematic view showing the interaction between a heavy-ion cosmic ray and a typical interstellar grain inside dense clouds. The ion track
along the coagulate sub-micron size grains, the grain mantles, the processed and the sputtered molecules are indicated. Figure insets were adapted
from Andrade et al. (2008) and indicate the physical-chemical changes on the grain mantle due to the impact of a heavy ion.

Radiolise — Elétrons secundarios — Energia extra no sistema.

Atomizacdo, moléculas novas, sputtering, clusters

Inelastic collisions (ion-el

(“electronic stopping”)

Elastic collisions (ion-atom)

" . "
("nuclear stopping )

Table 2 Stopping power and penetration depth values for equi
A velocity 52 MeV * MeV "0, and 0.9 MeV protons in mixed
HAO:CO5 (0 1) ice ed by SRIM code

Stopping power

Electronic/  Nucles TotaleV Penctration

VN
46 MeV Ni Projectile ke pm ™' (molec em ™)™ depthjpum

10 keV C++

D9 MeVp 335 3 002 107"
feV O 128 5 464 % 107"
VNI Sou2 . 19.6 % 107"

Density igc : % 107 moles em ™,

Kinetic energy Ei;,

Implantacéo

*
-

1

Multi-charged lons:

Potential energy E

pot

Ve[ltO solar Raios Césmicos; lons Multicarregdos;,
(protons ~0.5-5 keV) (>1 MeV; GeV) S maior — Y maior




H,ONH_CO ice (1:0.6:0.4)
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Outros resultados:
Fisica da Matéria condensada (Morfologia e estrutura cristalina)

OH dangling band

Compactagcdo do gelo (microporos) F TITTATYETY ]
devido ao bombardeio (OH db ~3650
cm).

Nao acontece no caso de fotons!

H,0 depositat 15 K lon irradiation at 15 K

Alteragcdo da estrutura cristalina
devido a irradiacdo.

(cristalino — amorfo)

Acontece com fotons e ions.

Metodologia Experimental (galeria de fotos)

PUC-Rio VDG
H+, D+, He+, He++,N+, N2+ N++, N,+, CO,+
lons positivos e negativos. E ~ 0.3-3 MeV/u




ARIBE/GANIL — Vento solar (implantagao) " Multicharged lons:
E ~ 10 keV/u Potential encriy By




Cryostat \T\f.

2=
Vaccum — e
chamber
FTIR

Mixture
chamber : .

("electronic stopping”)

10 kaV Co+

~
RR D A Raio O OS pesado i ?
Multi-changesd lons:

al eneryy By

10 kaV Co+

e - '."-".- -
SME/GANIL — Raios cosmicos pesados
E > 10 MeV/u




hv' hy

I3 Reflected Photons
& (photosioctron)
~10"s A Sufice
Bulk

fotodesorcao; HCO™
Espécies novas

~10"%

-12
~107s
Figure 5. Scheme showing the desorption process due to X-ray impact
on the surface (simulating interstellar dust).

LNLS
TGM, SGM, SXS, PGM — UV, Raios X.

Experimentos de fotélise (bulk; FTIR)
Resultados: Produgao de Adenina em ambientes extraterrestres simulados.

Titan Tholin's from SXS boamdine (0.1-3000 oV}

- Simulagéo de Aerossois na atmosfera de Tita.
- N, 95% + CH, 5% (+ tragos H,0): 10-6¢ mbar

- SXS (white beam; 0.5-3kev; ~10'2 fétons/cm s)
- Cryo-IR; (NaCl; 12 K 10-8 mbar)

- In-situ FTIR, in-situ Q-MS, GC-TOFMS, RMN

- Adenina via elétrons secundarios.

s

-
Adenina!

S. Pilling, et al. 2009, JPC-A, 113, 11161




Experimentos de radidlise/fotdlise de superficie (TOF B
Resultados: Clusters (ions), Moléculas novas, Sputtering yield, t,,,

-fons: VDG ou Califérnio (PDMS 252Cf )

-Fétons: LNLS (PSID)

Ex. Raios c6smicos

Y

Quadrupole

mass anal Vacuum chamber

Secwmderye
deterior
N
(I
V)

a
detector

X-ray or ions

\ |
bt AL A A AL

Camara PDMS PUC-Rio

(HV)

Camara PDMS LNLS (UHV) e

m/

detector

Nova cdmara PDMS PUC-Rio (UHV)

Andrade et al. H. M., 2008, J. of Phy. Chem. C, 112, 11954

Andrade et al., 2009, Surface Science, 603, 3301,
Bordalo et al. 2011, in Prep.
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FARENZENA

Earth, Moon, and Planets (2005) 97: 311-329

1000 4

solar wind COsSMmic rays
| S
electronic

nuclear

Bohr velocity&

1000
v (km/s)
Figure 1. The total stopping power of protons, @ particles and barium projectiles on water ice.
For protons, the dot and dash lines represent the nuclear and the electronic stopping power,
respectively. Ba is a common fission fragment (FF) of the 22CE: its velocity (energy of
~65 MeV) after leaving the radioactive source employed is indicated by the arrow. Velocities
of 1 MeV « particles and of a typical solar wind are also indicated. Note that the electronic
stopping power values of the solar wind and cosmic rays are much greater than the corre-
sponding nuclear stopping power values.

2. Experimentos envolvendo a interagao da radiacao (fétons,
elétrons, ions) com moléculas na fase gasosa.

Resultados: Fragmentagao, Canais de dissociagéo, o, 11/2

Sample
needle

Vacuum lons
chamber  detector

Drscriminators

Elsctrostatic
lens

to beamline
Pre-Ampiifiers

a) Schematic diagram of the experimental setup employed i gas-phase experiments,
b) Photography of equipment emploved at the soft Xoray beamline of LNLS.
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Schematic view of absorption probability as a function of photon energy for polvatomic
molecule (e.z, elveme) IP indicates the ionization potential of a given orbital,

Inside TOF spectrometer

Grids
ViowE v

nee
VB,

Particle tracks inside the TOF spectrometers and the potentiak employed in the
o.perime nte. The simulations were performed using the particls track softwars SIMION®.
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Outros exemplos
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Ligando observagoes com experimentos

comfétons, ions, elétrons.

Simulagéo de gelo astrofisico Observagses IR~ Observacdes Radio

Comparagao
direta

(ou busca na literatura)

Predicdo de novas espécies.

- pouco abundantes (S/N baixa)
Residuos organicos: Cromatografia e RMN - aminoécidos, bases, aglcares....




Artigos Sugeridos Para leitura

-Bergin et al. 2009, Earth Plant Astr, Chemical evolution of PPD.

- Gibb et al. 2004, AJSS, 151, 35, Observations of YSOs with ISO.

- Van Dishoeck and Blake, 1998, ARAA, Chemical evolution of SFRs

- Ehernfreund and Fraser 2002, Solid state astrochemistry < NATO ASI Series,
Ice chemistry in space.

- Galvin and Dworkin, PNAS, 2009, Amino acids exces in CM meteorites.

- Ehernfreund et al 2001, A]J, 550, L95, Photo stability of amino acids in space.

- Ehrenfreund & Charnley, ARAA, 2000, Organic molecules in the IM.

- Pilling et al 2009, JPC A, 113, 11161, Adenine in Titan simulation.

- Pilling et al 2009, A& A, in pressRadiolysis of astrophysical ice analogs.

Sites recomendados

Continuamos na préxima aula.




