
Molecular Universe



Dunham, 1937, PASP, 49, 26-28



Swings, Rosenfeld, 1937, ApJ, 86, 483-486



Red Rectangle (RR)
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Nebulosa Cabeça de Cavalo

• É um arquétipo de PDR e de nuvem 

molecular

• Distância moderada (d ≃ 400 pc)

• Geometria simples

• Campo de radiação FUV bem 

conhecido (60 unidades de Draine)

• A estrela Sigma Orionis (A=O9.5V, 

T= 32.000 K; B=B0.5V, T= 32.000 

K; C=A2V; D=B2V; E=B2Vp) 

ioniza a região,  (Gerin, 2009)

• Temperatura Cinética TK ≈15 K

• Pressão térmica P ≈ 4 × 106 K cm−3







Plateau de Bure Interferometer

High res imaging at 90 to 230 GHz 

rms < 0.1mJy, res < 0.5”

MAMBO at 30m

30’ field at 250 GHz 

rms < 0.3 mJy

Very Large Array 

30’ field at 1.4 GHz

rms< 10uJy, 1” res

High res imaging at 20 to 50 GHz

rms < 0.1 mJy, res < 0.2”

Powerful suite of existing 

cm/mm facilites

First glimpses into early 

galaxy formation



Qual a Origem do Carbono?



Large  carbonaceous  molecules  in  space

Ehrenfreund & Charnley 2000

PAHs   ~ 15 %

Diamond << Graphite ?Fullerenes ~ 0.5 %

C-chains ~ 0.1%

Nanotubes

C-onions> 50% ??

Soot



Credit: Y.Pendleton



Nebulosas Planetárias
• O Sol vai morrer assim

• Estrelas com massas 
menores que 8 vezes a 
massa do Sol

• Núcleo anã branca

• Camadas exteriores 
nebulosa planetária 

• C, N

• Tempos: até varios 
Ganos

• Promovem as 
condições pré-bióticas. 







O Nitrogênio e a Vida



SIGA A VIDA

• Siga a água (Follow the water)

• Siga o carbono

• Siga o nitrogênio

• Siga o fósforo

• Siga a energia

• Siga a entropia

• Siga a informação

• Siga o significado





Why Nitrogen?

• N is the fourth more abundant chemically active 

element  in the Universe

• N is one of the elements (together with N, C, O 

and P) entering in the composition of the carrier 

of biological information in Earth (DNA)

• N allows the assembling of a number of  

complex, heterocyclic,  assymetric compounds

• The odd-valence of N compounds introduces 

asymmetries, which are a necessary condition for 

information storage



Four types of organic 

macromolecules

in living systems.

Most of the molecules in the living systems are 

water (H2O) and large organic 

macromolecules: 

• Carbohydrates

• Lipids

• Proteins

• Nucleic Acids



Nucleic acids (DNA/RNA)

• Deoxyribonucleic acid (DNA), is a 

nucleic acid that contains the 

(genetic) instructions used in the 

development and functioning of all 

known living organisms.

• Collection of nucleotides linked 

together in long polymers – the 

largest macromolecule

http://en.wikipedia.org/wiki/Nucleic_acid
http://en.wikipedia.org/wiki/Genetics
http://en.wikipedia.org/wiki/Developmental_biology
http://en.wikipedia.org/wiki/Life


Each nucleotide:  

1) Five-carbon sugar molecule

2) One or more phosphate groups

3) Nitrogen-containing compound –

nitrogenous base 

Nucleotide



Strand

DNA strand   DNA strand

A T

T A

G C

C G

Hydrogen bond

(weak)

A can link only with T 

G can link only with C

Watson and Crick (1953) realized 

that DNA have a double helix. 

Two DNA strands are “complimentary” 

to each other



DNA vs. RNA
• Deoxyribonucleic acid (DNA) –

deoxyribose sugar

• Ribonucleic acid (RNA) – ribose 
sugar

Four bases:

DNA RNA

A – adenine – A

G – guanine – G

C – cytosine – C

T – thymine U – uracil  









Nitrogenated Organic Compounds 

in Astrobiology
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Horse Head Nebula







CHO Molecules



Nitrogenated Molecules

(Abundances relative to CN)



Simple Organic Molecules



Using Isotopic Fractionation (D, C13, N15, O18) 

to explore production channels



Nitriles



Bell et al. 1997. On the Detection of Cyanodecapentayne, 

HC11N, in TMC-1. Astrophys. J. 483, L61–L64



Nitriles

C2N2 – cyanogen

HC3N – cyanoacetylene

HC5N – cyanodiacetylene

CH3CN – acetonitrile

CH2CHCN – acrylonitrile

CH3C3N – methylcyanoacetylene



From Nitriles to

Nitrogen Heterocyclic



Simple heterocyclic compounds

to be aimed in future observations of the 

interstellar and circumstellar medium

oxazole pyrrole pyridine



Titan as a Benchmark



Formation of Pyridine in Titan



Produção de Heterocíclicos em Titan 

(Krasnopolsky, 2009)



Propenal and Propanal 

in Sgr B2(N)

(Hollis et al. 2004)



Formation of pyrrole from butenal



Formation of pyrrole from s-triazine



Formation of pyridine from pyrrole



PAH-Heterocyclic Connection



PAHs: extremamente resistentes
tempo de sobrivência no ISM ~ 1 Gano



O PAH pode perder 
hidrogênios, pois a 
energia necessária para 
a perda de um átomo de 
hidrogênio é 4,5 eV

Um parâmetro adicional 
que descreve um PAH é 
o seu grau de 
hidrogenação, αH/C

Desidrogenação de PAHs



Incorporation of 

Nitrogen Atoms 

into PAHs

(Ricca et al. 2001)



H

C

N

Which PANHs viable?



A PAH Channel for Production of Pyridine

The PAHs have typically ~ 50 C atoms per PAH

Pericondensates with D6h symmetry:  C6n²H6n

n=3  C54H18

C54H18 + γ → C54H17 + H

C54H18 + H → C54H17 + H2

C54H17 + HCN → C55H18N + γ

C55H18N + C2H2 → C57H19N + H

C57H19N + γ → C54H18 + HC3N

C57H19N + C2H4→ C54H18+ C5H5N



PAHs and PANHs (root PAH C54H18)

Pericondensates with D6h symmetry:  C6n²H6n

n=3  C54H18



Channels for Production of Pyridine



Production of pyrrole vs. pyridine



Densidades de Coluna 



IRC+10216 (AGB star)

N < 7.3-8.6 x 1012 cm2

CRL 618 (PN)

N < 2.3-2.7 x 1013 cm2

Searchs for Pyridine in the ISM
(Charnley et al. 2005)



Qual a Origem dos Orgânicos?



EARTH  TODAY

Abiotic synthetic reactions 

on the early Earth

Prebiotic soup

Prebiotic polymers

The origin of life
RNA 

world

Protein/DNA

world

(modern biochemistry)

Organics from space

Bada & Lazcano (Science, 2002)



Terrestrial vs. Extraterrestrial

• Terrestrial origin – organic synthesis 

occurred somewhere in the Earth 

environment

• Extraterrestrial origin – organic material 

was  synthesized in space and was 

brought to Earth somehow



Problems with abiotic organic 

synthesis. 

• Almost all organic carbon which we observe today is 

produced biologically (photosynthesis):

CO2 + H2O  CH2O + O2

• Carbon which comes out of volcanoes is in a form of 

CO2

• CO2 gas mixture does not produce 

organic molecules on its own
inorganicorganic



Urey-Miller Experiment
1) At some point scientists believed that the ancient 

atmosphere was rich in CH4 and NH3

2) But! Just mixing CH4, NH3, H2O, H2 would not 

produce any organic material 

3) Miller showed that a spark discharge (lightning) 

would produce organic molecules up to 10-15% of the 

initial CH4 by mass



The Miller-Urey-Experiment

FIRST EXPERIMENTAL FORMATION OF BIOLOGICALLY

RELEVANT MOLECULES UNDER PREBIOTIC CONDIDTIONS



Formation of organic molecules in 

the gas phase

• UV can be used for organic synthesis as 

well

• The key is to produce carbon radicals 

• CH4 + h  CH3 + H

• CH3 + CH3  C2H6 + M

• C2H6 + h C2H

• C2nH2 + C2H  C2n+2H2 + H

• Polymerization is extremely sensitive to 

O abundance



Advantages of Organic synthesis in 

the ancient atmosphere

• UM-like experiments produced many types 

of organic molecules which are used in 

proteins

• We would expect lightning and UV

radiation in the prebiotic atmosphere

• No need to deliver organic material to 

Earth – it would be already here





Difficulties for the organic synthesis 

via UM experiment

• It is hard to justify large amounts of NH3

and CH4 in the prebiotic atmosphere

• In the CO2-rich atmosphere organic 

production by spark discharge is not very 

efficient

• If CH4/CO2 < 0.1 essentially no organic 

production



Trainer et al., 2005; 2006)



• Black Smokers

Alternative abiotic synthesis routes

• Volcanic outflows



Hydrothermal vents

• Fischer-Tropsch synthesis. Under high 

temperatures and pressures CO and H2 can 

form hydrocarbons

• (2n+1)H2 + nCO → CnH(2n+2) + nH2O

where 'n' is a positive integer



Advantages of Organic synthesis in 

the Hydrothermal Vents

• Hydrothermal vents were likely to be 

present in the prebiotic environment

• Organic synthesis requires only CO2, H2O 

and silicate rocks.

• Serpentinization:

• Spinel polymerization:

Olivine
Serpentine Magnetite (spinel group)



Difficulties of the organic synthesis 

via Hydrothermal Vents

• No clean catalysts in nature. Original Fischer-

Tropsch reaction goes fast in the presence of 

iron and cobalt

• Only very simple organics can be generated. No 

amino-acids, no PAHs etc. 



• Since both atmosphere and hydrothermal 

vents have problems producing organics 

we need to look somewhere else. 

Space!



Hale-Bopp Murchinson

Gaseous Pillars – Eagle Nebula Key hole Nebula

Titan



Extraterrestrial Delivery of 

Biogenic Molecules



Major Sources (in kg/yr) of Prebiotic Organic Compounds in the Early Earth 

 

Terrestrial Sources                                                  kg/yr* 

UV Photolysis                                                        3 x 10
8 

Electric Discharge                                                 3 x 10
7 

Shocks from impacts                                             4 x 10
2 

Hydrothermal Vents                                             1 x 10
8 

 

Extraterrestrial Sources
 

IDP’s                                                                       2 x 10
8 

Comets                                                                    1 x 10
11 

Total                                                                        10
11

  

 

adapted from Chyba & Sagan (1992)


