% FORMK

AStrqu|m|ca & & .. A;:UO ACID

NITRILE ,
De la nucleosintesis estelar Y
alacomplejidad
molecular \\
68

Heidy M. Quitian-Lara
D.Sc. Astronomia.

Julius-Maximilians-Universitat Wirzburg (Alemania)



~ ASTROQUIMICA (COSMOQUIMICA)

E
o o , ®
Composicion quimica - . ’
da la materia del F-—
.
Universo.
*

e Elementos
e Moleculas




Quimica

3 06/04/2021 heidy.quitian-lara@uni-wuerzburg.de



Viw T t . 4 ' a
L b wi YN R\ S
L AR S S y S
NS Y B RV PR I
UL F T R ¢ Y/ & Ve Ny T
AT ORS W SRR SN S VRN 11 S R B
S v oA AT

PRREN WY W 1o S W S W |

(R0 L A i g At

JA alls A0 BB 83 ...-\_d,_ [ilEla 418 & AN

~

.

>
\







© . * .~ FORMACION DE LOS ELEMENTOS QUIMICOS e

Abundancias semejantes:
e Sistema solar
 Estrellas
* Nebulosas

 Galaxias

I
0.085
1.5 < 107"

3.7 %= l{'}_'.‘l
1.2 x 1073
6.7 x 1073

M. Winter, J. Chem. Educ. 2011.
Shaw. A. Astrochemistry From Astronomy to Astrobiology, Wiley & Sons, 2006.
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NUCLEOSINTESIS FORMACION DE LOS ELEMENTOS Quuvucos

Nucleosintesis quiescente

e Fusion de nuUcleos atomicos

* Generacion de energia como
subproducto.

(Cadena P-P, Ciclo CNO,

Triple a, procesos-s,p)




- NUCLEOSINTESIS: FORMACION DE LOS ELEMENTOS QUIMICOS

| —— e

N
(NUmero de Neutrones)

Nucleosintesis explosiva

* Captura de neutrones

* Generacion de energia

2006 .

(Proceso-r)

MW Nucleo estable
Desconocido

82
(NUmero de Protones)
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Table 1. Organic Molecules Detected between|1969 and 1979,

Table 3. Organic Molecules|Detected in the 1990s.

Year Reported Spec Table 4. Organic Molecules Detected between [2000 and 2015.

1990 none

Year Reported Species

1991 0 : : — —
1099 HOC 2000 CHyOHCHO [77 CHj [78] o o
1003 Lone 2001 e-CsHg [79] CHy CHOH [80] I-HC 4H [79] I-HCgH [79]
o " 2002 (CH,OH), [81]
1994 ( i 2003 Nnone
1995 CHa 2004 CH2CHCHO 7 [82] CH3;CH,CHO [82] [-HC4N [83]
1996 CsH 2005 CpH;OCH; 7 [84]
1997 1-C) 2006 e-HaC30 [85] CHzCCHCN [86]  CHCNH ? [87]  CHazC3N [88]
1998 5N . CH,CONH, [89]  CoH ™ [90] e T
1090 e 2007 C4H™ [91] CsH™ [92] CH2CHCH; [93]
2008 HCOCN [94] NHzCHzCN [95]
2009 C,H;OCHO [96] HCNO [97] HOCN [98] HSCN [99]
n-CaH7;CN [96]
2010 Cgo [100] Crg [100]
2011 none
2012 CH40 [101] HNCNH [102]
Masatoshi Ohishi 2016 2013 CH3CHNH [103]  CH3;COOCH; [104] HCNO* 7 [105] HNCHCN [106]
J. Phys.: Conf. Ser. 728 2014 CaN [107] CH3CH,SH 7 [108]  i-C3H7CN [109]
2015 CH3NCO [110] HCCO [111] NCCNH* [112]

052002
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2 atoms Jatoms 4 atoms S5atoms 6Gatoms 7atoms 8 atoms 9 atoms 10 atoms 11 atoms 12 atoms >12 atoms

H | CH.C.H H

“Molecules in Space | I. Physikalisches Institut®
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E. Zubko, Springer, 2012



Metodologias en
Astroquimica




£ -~ Niveles de energia electrdnica

Niveles de energia vibracional

Niveles de energia rotacional

N : ceeee— Transiciones electrdnicas
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Dust Sulfur Dioxide

1 light-year

Nitric Oxide Formaldehyde

100 light-years

Observaciones del primer nucleo caliente (hot core) encontrado fuera de la via lactea..
ALMA (2016). Objeto ST11, Grande Nube de Magallanes.



s

e rd=t=]

[y & P

HCCCMN(8 _7) Tag= 51001 |
v="T2783.822(+0.015) MHz
Fup=1572 K Ay =203E-5 Gup =51
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ESPECTROSCOPIA ROTACIONAL - IDENTIFICACION

ofthe @ MNRAS 000, 1-77 (2020) Preprint April 4, 2021 Compiled using MNRAS IXEX style file v3.0
ROYAL ASTRONOMICAL SOCIETY =

MNRAS 477, 4792-4809 (2018) doi: 10.1093/mnras/sty937
Advance Access publication 2018 April 14

IRAM Large Program ASAI: IRAS 4A millimeter spectral survey
Astrochemical evolution along star formation: overview of the IRAM H. M. Quitian-Lara,' B. Lefioch2* C. Kahane 2 and H. M. Boechat-Roberty!
Large Prﬂgram ASAI 2 \:m .u PAG .r ‘\ )

2 . . . 3
Bertrand Lefloch,'> R. Bachiller,? C. Ceccarelli,! J. Cernicharo,* C. Codella,’
A. Fuente,® C. Kahane,'! A. Lc’)pcz—Scpulcrc,"ﬁ M. Tafalla,” C. Vastel,” E. Caux,’
M. Gonzdlez-Garcia,>* E. Bianchi,>® A. Gémez-Ruiz,>* J. Holdship,'° E. Mendoza,” ABSTRACT
- | - 5 4 10 i all =12 = 10 There is evidence that the molecular complexity observed in small bodies in the solar system such as comets and asteroids
J' Ospma—Zamudlo, L POle’ D QULHHI’d. E ROULﬂ, N Sﬁkal’ S Vltl’ has been inherited, at least partially, from the early stages of the formation of the solar system. Therefore, it is important to

S. Yamamoto,"? K. Yoshi(la,” C. Fa\xrc,S T. Monfredini,'* H. M. Quitién—Lara,M characterize and understand how the chemical composition and complexity of the region changes along with the protostellar
. - 15 svolution of solar-type objects. In this context, we nl here, as part of the Large Program "Astrochemical Surveys At IRAM"
N. Marcelino,! H. M. Boechat-Roberty'* and S. Cabrit!? ASAD e ) S i e as An b

(ASALI), the complete spectral study of the bands 1 mm towards the protostellar object of class 0 IRAS 4A. Knowing that

Accepied XXX, Received YYY: in original form 772

unbiased spectral studies are a powerful tool for studying the chemistry and physics of star-forming regions, we present a detailed
description of the survey and the resulis obtained from the analysis of the three-band observations. We present the ideniification
of more than 90 different molecular species, classified as O-, S-, N- bearing and C-chains: separating the main isotopes and rare

s of complex orvanic molecules the domipance of e shecies o geriotic of
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ASTROQUIMICA EXPERIMENTAL

Aea=1633 i A | /.. prbipheny
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Radiacion focalizada Inyeccion de gas

Productos
volatiles

Precursor
(muestra)

Difusion

lon Gauge l \ TOF Tube
M

Ice on steel

(-200°C) \ Detector

UHV chamber
(P~ 1x10°° mbar)

Desorcion Disociacion Fisisorcion Inyeccion
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Estudios experimentales para
determinar tiempos de vida
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- | N ™ Calculos espectroscdpicos de
moléculas de interés
astrobioldgico

Oliveira, Molpeceres, Fantuzzi, Quitian-Lara, et al., MNRAS, 2021

NGC 7027 Orion Bar D5

Intensity (arb. units)

1 NASA/ IPAE Infrared Science Archive

ESI]-UPQ Wavelength (um)
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Discovery of the acetyl cation, CH3C0+, !{g,'l
> o ¢ s

Interstellar detection of the highly polar >
ﬁve-menlwbered rli.”g in space and in the laboratory [
cyanocyclopentadiene + J. Cemicharo, C. Cabezas, 5. Bailleux, L. | F
c-C5HsCN M. C. McCarthy, K. L. K. Lee, R A. Loomis, 2021 CH3CQ Margulés, R. Motiyenko, L. Zou, Y. Endo, C.
2021 cyanocyclo- A- Ch:1 Bulrkha;:‘thC(.:N. d?hingllzenilecfhel% B. acetyl cation Bermudez, M. Agindez, N. Marcelino, B.
i amley, M. A. Cordiner, E. Herbst, 5.
pentadiene Kalenskii, E. R. Willis, C. Xue, A J. Remijan, Lefloch, B. TE'EE?STESUZ%E Vicente. ABA
and B. A. McGuire. Nature Astron 5:176-180 i i
(2021). Interstellar Detection of 2-
An investigation of spectral line stacking cyanocyclopentadiene, CgHgCN, a
HCHN techniques and application to the CSHSCN Second FiVE"“_El_rr:Lée;Ed Ring toward
detection of HC,,N =
cyanopenta- R.A. Loomis, A. M. Burkhardt, C. N. 2021 Zcyanocyclo- K.L K Lee, P. B. Changala, R. A. Loomis,
2021 acetylene Shingledecker, . B. Chamley, M. A. pentadiene A M. Burkhardt, C. Xue, M. A Cordiner, 5.
,quomdtmfc Cordiner, E. Herbst, 5. Kalenskii, K. L. K B. Chamley, M. C. McCarthy, and B. A_
oftﬁé 9{0.1;}. Lee, E. R. Willis, C. Xue, A. J. Remijan, M. McGuire. ApJL 910:12 {(2021).
C. McCarthy, and B. A. McGuire. Nature
Astron 5, 188-196 (2021). Detection of two interstellar polycyclic
aromatic hydrocarbons via spectral
Dislcovery of Interstellar trans- matched filtering
cyianlmrlllwlacetyletmla [HC[EHCEHEﬁEC:r'J C. H.CN B.A McGuire, R A Loomis, A M.
and vinylcyanoacetylene (H,C= 4N} in .
HCECCH:CI_-ICEN GOTHAM Observations of TMC.1 2021 1-cyan1u?lap?h‘lhalene E;_“g_“g::]’rﬁ'eb TRL E&i e”‘,i Tmﬁker’
2021 trans-cyanovinyl- K.L K Lee, R.A Loomis, A. M. Burkhardt, ; e
. E. Herbst, 5. Kalenskii, M. A. Siebert, E.
acetylene I. R. Cooke, C. Xue, M. A. Siebert, C. N. Willis C. Xue. A J. Remii dM.C
Shingledecker, A. Remijan, S. B. Chamley, V5 2T s IS LITHIL, GIINLLE
M. C. McCarﬂw, and B. A. McGuire. A.IJJL M{:Carthy Science 371:1265 {2021)
08111 (2021). Detection of two interstellar polycycl
Discovery of Interstellar trans- aromatic hydrocarbons via spectralje
cyanovinylacetylene (HC=CCH=CHC=N) matched filtering
and vinylcyanoacetylene (H,C=CHC4N) in C. H.-CN B. A. McGuire, R. A. Loomis, A. M.
H.C=CHC.N GOTHAM Observations of TMC-1 2021 - 10 TMh : Burkhardt, K_ L. K. Lee, C. N. Shingledec
2021 2 3 K.L K Lee, R. A Loomis, A. M. Burkhardt, -Cyanonaphihalene | g B Chamley, |. R. Cooke, M. A. Cordinjis]
vinylcyanoacetylene | | p_Cooke, C. Xue, M.A. Siebert, C. N. E. Herbst, S. Kalenskii, M. A. Siebert, E. [b=
Shingledecker, A. Remijan, 5. B. Chamley, Willis, C. Xue, A. J. Remijan, and M. Clii{
M. C. McCarthy, and B. A McGuire. ApJL McCarthy. Science 371:1265 (2021). [
908:L11 (2021). £
Space and laboratory discovery of HC,5* =
HC35+ J. Cemicharo, C. Cabezas, Y. Endo, N. -_";."
2021 protonated CSS Marcelino, M. Agindez, B. Tercero, J. D. :3
E

Gallego, and P. de Vicente. A&A 646:L3
(2021).

http://www.astrochymist.org/
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A. McGuire, ApJ, 239, 2018
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INTERNSHIP

Internship en Astrofisica RECA

Sobre el programa

El Internship en Astrofisica RECA es un programa de formacion en investigacion cientifica
en Astronomia, Astrofisica y Cosmologia dirigido a estudiantes de instituciones
colombianas. Durante un periodo de aproximadamente 10 semanas, los estudiantes
desarrollaran un proyecto de investigacion supervisado por cientificos dentro y fuera del
pais. De esta manera, pretendemos fomentar en el estudiante las capacidades necesarias
para realizar investigacion cientifica, contribuir con su formaciéon académica y mejorar su
curriculum en aras de fortalecer aplicaciones a programas de posgrado en astronomiay

areas afines a nivel global.

25

2

7%

Solicitud de participacion de estudiantes
para el 2021:

La convocatoria para participar en el internship del 2021 esta abierta hasta el 30 de abril.
Para este ano tendremos 12 proyectos de investigacion por lo que se aceptaran 12
estudiantes. La selecion de estudiantes se basara en una carta de motivacion, CV, notas,
ademas de los requisitos descritros abajo. Para hacer parte del programa porfavor llenar

este formulario de postulacion.

Requisitos:

e Estar enlos ultimos dos anos del pregrado o licenciatura en fisica, astronomia o areas
afines.
Sila o el estudiante ya termino el pregrado y no ha empezado una maestria es elegible
para aplicar.
Estar enlos Ultimos dos anos del pregrado o licenciatura en fisica, astronomia o areas
afines.
La o el estudiante debe recidir en Colombia.
Tener disponibilidad de tiempo para realizar el proyecto de investigacion durante los

meses de Mayo y Agosto.

I a E C https://recastronomia.github.io/internship/

Red Estudiantes Colombianos Astronomia
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DIRIGIDO A ESTUDIANTES UNIVERSITARIOS DE INSTITUCIONES
. ‘EOLOMBIANAS
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Contnbuye a tu formacnon academlca

|
‘ [ I hamendo parte de un proyecto en las
&‘//j\ I ] . ?feas .« Astronomia
oS | w | | '

.+ Astrofisica
» Cosmologia

INTERNSHIP
© RECA

INSCRIPCIONES GRATIS EN:  oromacion sobre

el programa:

Fecha limite para
la apllcaclon- L/
| Vlernes 30 de Abrll

Contacto: heidy.quitian-lara@uni-wuerzburg.de
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