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(1) How can we use molecules to study the Universe?

(2) What is the role of molecules in the evolution of the Universe?

(3) What is the organic inventory of space and how does that relate to the 

prebiotic origin of life?

What are the fundamental questions?

Over the next decade we can expect to make great strides in addressing 

the three grand challenges of molecular astrophysics :



Summary

1º - AstroBiology Ą Motivation and high spatial resolution

2º - AstroChemistry Ą How can we observe and study 

molecules in the Universe ?
3º - AstroGeo Ą How can we use it to solve issue in the 

Earth?



- Types of chemical reactions in space

- Which reactions occur under which conditions

- Chemical composition of astrophysical objects

- to infer the physical properties

- Links to Astrobiology

AstroChemistry

The study of molecular processes in space.



A multi -field approach

Observations

- infrared

- radio  

- visual / UV  

- X-rays 

Models

- early universe  

- interstellar clouds  

- star-forming regions  

- planetary atmospheres

Laboratory / computation

- spectroscopy 

- collision rates  

- reaction rates  

- grain surface processes





Fig: HIFI spectral survey of the Orion KL region .

Top panel : The complete spectral scan (490 GHz

to 1.9 THz) reveals the rich line forest . There are

some 105 lines in this spectrum . Middle panel : A

zoom in on the 490ð530 GHz spectral range with

some of the stronger lines identified . Bottom

panel : The 522:5ð525:5 GHz range shows velocity -

resolved lines. The numbered lines are CH3OH

lines used in the analysis of the temperature

structure of the region (Tielens 2013).

1º Astrobiology - Line forests



COMs - Complex Organic Molecules
- molecules with 6 or more atoms including

C (Herbst & van Dishoeck 2009)

- CH3OH, CH3CN, CH3CHO, CH3OCH3, ...

- Prebiotic molecules

- NH2CHO (formamide )

- Benzene

Cernicharo et al 2001 (ISO)



Search for interstellar emission of N -heterocycles

Fig.: Molecular structure of benzene, pyrimidine

and pyrimidinic nucleobases uracil, thymine and

cytosine (Mendoza et al . 2013).

- Motivation Ƃ prebiotic chemistry

- Formation of nucleobases

- Presence in meteorites (e.g. Murchison) 

(Allamandola et al. 1999, Martins et al.  

2005, 2008 )  

- Large dipole moments  Ƃ detection at 

radio wavelengths    (Charnley et al. 2005)



N-heterocycles ( tentatives of) detection in ISM

- Vinyl cyanide , pyrimidine and pyridine in 1973          

(Martha Simon & Michal Simon, 1973)

- Pyridine , pyrimidine , quinoline , isoquinoline

(Charnley et al. 2005, Kuan et al. 2006)

- Benzonitrile ! 

(Mcguire et al. 2019)

Still a challenge :

- Low abundances

- Photodissociation

Fig.: The half - lives of the three N-heterocycles plotted

against the number of nitrogen atoms in the ring .

(Z. Peeters et al. 2005).



Series of 9 papers !!

GOTHAM

Green Bank Telescope 

Observations of TMC-1: Hunting

Aromatic Molecules

http://astrobiology.com/2021/03/geen -

bank -discovers -man -complex -

molecules -never -before -seen -in-

space.html

http://astrobiology.com/2021/03/geen-bank-discovers-man-complex-molecules-never-before-seen-in-space.html


- very early evolutionary 
phase ( precollapse )

- source of unsaturated 
carbon -chain molecules

- evidence of five -
membered and bicyclic 
CN-functionalized rings

Ƃ unexplored area of 
organic chemistry in space

TMC - 1



Search for N -heterocycles precursors

- HNCO, HC3N, C3H and HC3NH ϕ

(Majumdar et al. 2015)

- Formamide

- Vinyl cyanide (C2H3CN)    

(Parker & Kaiser, 2017)



Products of high -energy proton irradiation of formamide in the presence of meteorites .

Nucleobases , nucleobase analogs , and intermediates of the condensation (Saladino et al ; 2015).

Formamide



- Gas phase reactions do not

reproduce the observations

- GRAIN REACTIONS

Interstellar ice analogues processed

by proton or UV radiation

(Fedoseev et al. 2015)

Formation of HNCO



- [HNCO]/[NH2CHO] ~ 3.0

(e.g. Mendoza et al. 2014)

- They may share a common solid state 

formation scheme

(Haupa et al. 2019)

HNCO and NH2CHO



Comets , asteroids and meteorites

67P/Churyumov -Gerasimenko

- Rosetta/Philae mission

- glycine





Census of molecules
(McGuire+2021)



Census of molecules
(McGuire+2021)



Census of molecules (McGuire+2021)
241 species and 19 elements



2º - AstroChemistry
Galaxies é

It is a huge system of gas (~10%), dust (1%), billions / trillion of stars
and dark matter all held together by gravity .

It can be considered as òfundamentalblocks óof the Universe .

Spiral Elliptical Irregular



(1) How can we use molecules to study the Universe?



Active Galaxies
Star Formation Rate 

Milk Way ~ 3 M /ano
Starburst > 100 M /ano

Active Galactic Nuclei ðSMBH 104-7(M ) Starburst



Image taken from https://ned.ipac.caltech.edu/level5/Glossary/Essay_seyfert.html

NGC1667

Carl Seyfert (1943, ApJ , 97, 28)  are characterized by extremely bright

nuclei (~1011L ).

Seyfert 2 ðNLR (FWHM ~ 500km/s)

Seyfert 1 ðBLR (FWHM ~ 5000km/s) + NLR (FWHM ~ 500km/s)

NGC1275

https://ned.ipac.caltech.edu/level5/Glossary/Essay_seyfert.html


AGN Unified Model
Antonucci & Millher (1985, ApJ, 297, 621)

Figure taken from Zier &Biermann (2002, A&A, 396, 91)
Tristram et al. 2014



Polycyclic Aromatic Hydrocarbons (PAHs)
Firstobservation was performed by Gillett et al. (1973)

Firstphysical and chemical properties (Puget & Leger (1989); Allamandola (1989))

Figure taken from Gillett et al. (1973)

Figure taken from Hunt at al. (1950)



Signature of the molecules in the MIR



(1) How can we use

molecules to study the
Universe?

Sales et al. 2010, 2013 ðRuschel -Dutra et al. 2013



See Canelo, Friaça , Sales et al. 2008, MNRAS, 475, 3746
Canelo, Sales, Friaça et al. 2021, acceptedSlide adapted from Carla M. Canelo

(2) What is the role of

molecules in the evolution
of the Universe?



Different kinds of PAH structures (Andrews et al., 2015)

Structures of PAHs



Proposed evolution of 

PAHs and carbonaceous 

molecules 

(Andrews et al., 2015)



Bouwman +2010, ApJ , 723, L243



Audibert , Riffel, Sales +2017, MNRAS, 464, 2139



Size and Charge of the PAHs

Peeters+2002Draine e Li (2001, 2007a,b)





Charge of the PAHs

Bauschlicher , Peeters & Allamandola (2009)



Motivation
It has been claim that PAHs is destroyed in AGN host galaxies

Smith+2007



The sample and data reduction observed by Spitzer telescope
- 186 galaxies (AGNs+SB+HII) observed by Spitzer IRS;

- 5 ð14µm wavelength range;

- Emission line fit using PAHFIT code (Smith+2007);

- Stellar continuum with T=5000K;

- Termal continuum with T= 35 ð300K;

- Ionic lines and molecular hydrogen (H2);

- PAH bands.

Infrared Spectrograph (IRS)

Telescópio Espacial Spitzer



O que já 

aprendemos de 

PAHs em 

Galáxias?

Será que PAHs são 

destruídos em 
Galáxias Ativas?

LINER

Sales+2010 ð100 AGNs e 86 Starburst
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Sales+2010 ð100 AGNs e 86 Starburst



O que já aprendemos de PAHs em 

Galáxias?

Será que PAHs são destruídos 
em Galáxias Ativas?

Sales+2012 | Gemini (8m) | ~2 x 10 14km
Alonso -Herrero+2014 | ~3 x 10 14km

NGC1808





Audibert , Riffel, Sales +2017, MNRAS, 464, 2139



Emiss«o 11.3ȋm PAH no 

centro de AGN

Silva, Krabbe, Canelo, Monteiro, Sales et al. 2021, MNRAS aceito





Emiss«o 11.3ȋm PAH no 

centro de AGN

Alonso-Herrero et al. 2014



GrandPAHs ðTielens 2018

Andrews et al. 2015



Qual é o maior desafio na decomposição 

de um sinal???

Pensando em Big Data

Telescópio Espacial James Webb

Grandes telescópios (d=40m, LSST,GMT)



Decomposição de um sinal

Usando Fast Fourier Transform (FFT) | Transformada de Fourier Rápida



Transformada Discreta de Fourier

N Ą número de amostras de tempo que temos.

n Ą amostra atual que estamos considerando 

xnĄ valor do sinal de n

kĄ frequência 

Xk Ą quantidade da frequência k no sinal 

(amplitude e fase, um número complexo).



Transformada Discreta de Fourier



Transformada Discreta de Fourier



Desafio!!!Vetor com 
auto -valores

Vetor com 
auto -vetores

A multiplicação de 2 pontos se 
comporta como N2

102 =100



Análise química das moléculas de PAHs em 

Galáxias Starburst (~230 objetos)

Espinoza, Sales, Canelo e Matoso (2021 in prep.)

Moléculas teóricas
700 espécies

C384H48



Análise química das moléculas de PAHs em 

Galáxias Starburst (~230 objetos)

Espinoza, Sales, Canelo e Matoso (2021 in prep.)


