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The Elements According to Relative Abundance

lara, CA 95053

W F Sheehan.
Ref. Chemistry. ol 49,No3,p 7-18.1976

Thaddeus et al. 2008 and references therein.
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atoms and molecules

Known and Ci (July 2000)
Number of Atoms
2 3 4 5 6 8 9
NH; SiHy CH30H CH3;CHO CH3CO,H CH3CH,OH
NH,CHO CH3NHy (CHy),0
H,CO CHOOH CHaCN CH3;CCH CH;CH,CN
H,CS HC=CCN CH3NC CH,CHCN H(C=C);,CN
CH,NH CH3SH HC.CN HaCe H(C=C),CH;
NH,CN CsH CeH CsH
CCCN HC>CHO c-CH,0CH;
HCO} 7 ;—ch,  C;?
CCCH c-CsHy
¢c-CCCH CH,CN HCaNH* == Carbon chains
(c:gg: g"g? = Complex Organic Molecules
HCCH o == Tracers of shocks and
HCNH* UV-irradiation
HCCN
H,CN
¢-SiC3
CH;
CH,D*?

SOOI JO “OU [eI0L,

KCN?

Thaddeus et al. 2008 and references therein.
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detection and analysis of NHpCHO in L1157-B1
V' Identification of lines -
v Analysis: GILDAS + CASSIS 1
v/ Physical conditions: Rotational diagram l/ & a
v/ Chemical modelling: ASTROCHEM
20 20 10 -
° ° L1157 image (Spitzer Spae

20 @ e 9w Telescope IRAC).
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Why formamide?
NH>CHO and HNCO are the simplest molecules with H, C, N and O.

time
conditions
building blocks
entropy

Importance of NHpCHO as a building block (Saladino et al. 2012).
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Tools of spectral line analysis
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ASATI: Astrochemical Surveys At IRAM

Through ASAI was proposed an unbiased spectral exploration of a
carefully selected sample of sources, which cover the full formation
processes of solar-type stars.

PIs: Lefloch & Bachiller (350 h with IRAM-30m)

L1157-B1

Sio
15,

The need for systematic HC®N o
g

spectral surveys 3,
L cos B

e Powerful diagnostic to L A N [1 I‘ .
study the chemical X N

evolution of L1157-mm
NH,D

star-forming regions

e It is possible to probe
the chemical °
differentiation along o6 10"
the line of sight of
several sources * *

Lefloch (IPAG) & Bachiller /
(0AN) 2015

10*

8.65
Rest Frequency (MHz)

8.7 10"
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The ASAI large program

Astrochemical Surveys At Iram: 350 hours of observation at IRAM-30m
(PIs: Lefloch & Bachiller 2014)

Sources: Samples that cover all the evolutionary phases of solar type
protostars

Band 3

L1157-B1

400 H| Bl
o 300 B
‘E; 200 H B

= Lyl
o \‘u“ ‘ . ‘MM‘ \\‘ I el L“ - \“ J A‘M

500 T

Frequencies observed 400 et B
through ASAI: o 300 B
3 mm: 80 - 116 GHz £ ol J
2 mm: 130 - 170 GHz " ol |
1.3 mm: 200 - 320 GHz oM g I\L Al MH\“ “‘\ HLL\ A:L
0'8 mm: 329 - 350 GHZ 85[‘700 QOO‘OO 950‘00 WOO‘OOO 105‘000 ﬂO‘OOO 115‘000

Frequency (MHz)
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Data reduction
The data reduction was performed using the GILDAS/CLASS90 package.

http://www.iram.fr/IRAMFR/GILDAS/
The CDMS and JPL spectroscopy databases were used to identify lines

http://www.astro-uni-koel.de/cgi-bin/cdmssearch
http://spec.jpl.nasa.gov/ftp/pub/catalog/catform.html

The telescope and receiver paramenters:

http://www.iram.es/IRAMES/mainWiki/Iram30mEfficiencies

Pi= 7
1.5 -
IS 1
0.5 | -
0 T T

84500 550
Rest Frequenc

o | ‘\‘\ l‘\‘ : L

T
80000 90000 100000 110000
Rest Frequency (MHz)
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CLASS + Weeds

v'Line analysis

v'Modelling considering LTE conditions

v'Databases as CDMS and JPL
https://www.iram.fr/IRAMFR/GILDAS/doc/html/weeds-html/weeds.html
look for weeds.pdf

* Welcome to CLASS

* Loaded extensions
weeds (S.Maret, P.Hily-Blant, J.Pety, S.Bardeau, E.Reynier)

Available commands:

LID Identify lines on the current spectra

LFIND Find lines from a species within a frequency range
LLIST List lines from the line index

LGET Get a line from the line index

LPLOT Plot a line from the current line index

MODSOURCE Model the emission of a source at the LTE
MODSHOW Show the results of MODSOURCE
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Formamide in L1157-B1/ASAT
LAS> select /freq 84000 85000
I-SELECT, 3123 lines found in the frequency range 84000.0 to 85000.0 MHz
LAS > select /freq 84541.829 84546.088
I-SELECT, 6 lines found in the frequency range 84541.829 to 84546.088
MHz
LAS> 1list
...
LAS> 1get 2 I-LGET, Found line frequency in the current scan
Species Freq[MHz] Err[MHz] Eup[K] Gup Aij[s-1] Upper level - Lower level
Origin
1 HC(O)NH2, v=0 84542.330 0.000 10.2 9 4.09¢e-05 404 -30
3 cdms

LAS> select /freq 85090.609 85097.065
I-SELECT, 32 lines found in the frequency range 85090.609 to 85097.
MHz
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CASSIS

v/ An easy and interactive software to analyse lines

v/ CASSIS is useful to identify and reproduce lines using databases as
CDMS, JPL and NIST

A1l the documentation and information at
http://cassis.irap.omp.eu/?page=cassis

Data

Template
Load | visrdata: 0.0 in: [ ] Telescope[ 722 UG Load config
— Mame | Tag |sel
p-H2D+
Tuning 0-H2D+
Range min: | 0.0] max: [ ¥ [GHz [+] Band: | 60.0] [km/s [~ B gji
o Display
Threshold CETRE]
— N . pH
Eup min: [__0.0] max: [ 150.0] [K [~ Aij mi 0.0] max: | [} 0H20
p-D20 | 20081[[]
Jup min: [+ | maxi [*_| Kup mins [*_| maxi [+_| Lup min: [*_| max: [*_| Mup min: [ | max: o 20 gg_ggl 5] save config
o
LTE-RADEX [] ‘
Parameters Noise Oversampling

Telescope: |_apex | [1Tmb->Ta conv |
[ vl Component 1 [x] | +

Mode: ]ﬁﬂ ¥l Interacting Thg i [273 | N Temd: [fsgpp | COMtinuUm
o [ v ko] ey | lecomiwmcna]

Species | Tag | Database | compute | N(sp)(em?) [Abundance GH2]  Tex(k) | PwHM(kmss) | size ()|

rms: [ 0.0/ [mk|v|  Oversampling: [ 30l

-- Operations - ‘v‘ G
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CASSIS

v/ An easy and interactive software to analyse lines

v/ CASSIS is useful to identify and reproduce lines using databases as
CDMS, JPL and NIST

All the documentation and information at
http://cassis.irap.omp.eu/?page=cassis

RN [Ble
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CASSIS functionalities

Astrophysical template Observed spectra
(fixed parameters N, T,, T,,, N, (laboratory or telescope)
Av, choice of the molecule..)

CASSIS
Spectroscopic and

s | TE model and Radex molecular databases

ummsp Parameters to vary: N, ﬂ;’;fﬁ":;m,,,
Ty Texe Nya. Av, choice LAMDA, NIST)
of the molecule and VAMDC &

telescope, beam dilution.., e

Synthetic spectra, Line identification,
Adjustment of the source parameters

25
Frequéncia E, T Trpdv
MHz K oK km s~! 245
81505.17 15.4 201 + 4
86181.39 23.3 6629 £ 3 o
9068638 26.1 7489 + 4 g
93870.11 19.9 175 + 3 z B3
99866.52 28.1 8043 + 3 = 2
103640.75  31.1 6543 =+ 2
106347.72  24.9 154 £ 4 25
113410.19  33.6 6158 & 5

22

14 16 18 20 22 24 26 28 30 32 34

http://cassis.irap.omp.eu/?page=cassis L
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CASSIS Modules: Rotational diagram
V' Rotational diagram: An important technique to analyse properties
from molecular line emission (see Goldsmith et al. 1999).

v In LTE conditions, the temperature obtained should be expected to be
equal to the kinetic temperatures if all the level were thermalized

N 1 [E h2A
In 24— _ (—”)-{—[InNT—InQ(Tmt)] S o, = A
8u Trot k

A simple analysis of HC!3CCN

0 Rotational Diagram 1
Data Tuning

Load config
[refc-darminfleah/BLird7/hcl Sccryrd hel 3centh 1003 16.0¢) | yUnit: KTa | []Ta->Tmb conv

CC-13-CN, v=0

Components

Component % [Gaussian Fit |+ | []Beam dilution correction Source Size ['k

Display

save config

LTE conditions: 1. Excitation temperatures 2. FWHM 3. Column
densities...
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CASSIS Modules: Rotational diagram
V' Rotational diagram: An important technique to analyse properties
from molecular line emission (see Goldsmith et al. 1999).

v/ In LTE conditions, the temperature obtained should be expected to be
equal to the kinetic temperatures if all the level were thermalized

Ny 1 (EL

8wh?A
In 24— _ —)+[InN7——InQ(Tmt)] S N, =R
8u Trot k

A simple analysis of HC!3CCN

LTE conditions: 1.

Excitation temperatures 2. FWHM 3. Column
densities...
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CASSIS Modules: Rotational diagram
V' Rotational diagram: An important technique to analyse properties
from molecular line emission (see Goldsmith et al. 1999).

v’ In LTE conditions, the temperature obtained should be expected to be
equal to the kinetic temperatures if all the level were thermalized

Ny 1 [E, 8mwhi?A
In—=— — InNy —1 T, - = > Ny=—5——
n 2 Toor ( P ) + [ niNT n Q( rot)] u hC3Au/

A simple analysis of HC!3CCN

LTE conditions: 1
densities...

. Excitation temperatures 2. FWHM 3. Column
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Tools of chemical modelling
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1. Astrochem
http://smaret.github.io/astrochem/

The code compute the abundances of chemical species, as a function of
time, in the interstellar medium.

Abundances

Chemical processes:

A+B —C+D

AB + v — A+ B
A+ hv— AT + e
At +B — CT +D
At + e — C+D

1071

1 0712 il il L L L L
1 10 100 1000 10000 1Q% 108 107
Tirme (yr)
The code reads a network of chemical reactions: 0SU database
(http://faculty.virginia.edu/ericherb/research.html)
e Molecular abundances as a function of time

e Routes of formation and destruction

e Formulating the problem: Physical condition + chemical abundance
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1. Astrochem
http://smaret.github.io/astrochem/
The code compute the abundances of chemical species, as a function of
time, in the interstellar medium.
Main HC;Nempog, formation routes Main HCyN,empry, destruction routes
. : SaS 2. : :
1o Y e \ ] Chemical processes:
Y " N\ P
Ea \\ ? \\\ o . \‘¥
o 107 A o L - \“\ 4
i E TN \ A+B—C+D
§ & \ 4
ozl 1 Egm| \ ] AB + hv — A + B
e £ —— + —
8 — 5520 2 W 2512 \ A+ hv A +te
Rt — 1 Seal s At +B — Cct +D
s £ o
B 573 8 2402 AT + e~ —5 C+D
w012 2401
1078 L 5524 q 107 3598 E
Tot Tota

1

100

10000

. .
10° 10°

10"

1

100

10000

. I
10° 100 10

Time (yr)
The code reads a network

(http://faculty.virginia.

e Molecular abundances

Tirme (yr)

of chemical reactions: 0SU database

edu/ericherb/research.html)

as a function of time

e Routes of formation and destruction

e Formulating the problem: Physical condition + chemical abundancef
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Physical conditions

Properties as temperature, density and visual extinction can be
introduced in an input file with extension .mdl

#
# Source model file example

# shell number, Av [magl], nH [cm-3], Tgas [K], Tdust [K]
0 0 0.e0 0 0

#

Chemical properties

Chemical abundance with respect to H can be introduced in an input file

with extension .ini
[files]
source = input-file.mdl
chem = 0su2009.chm

# Initial abundances [abundances]
C(+) = 0.0e+0

. H20 = 0.0e+0
# Physical paramaters NH2CHO = 0.0e+0
[phys] # Output
chi = 0.0 [output]
cosmic = 0.0000000e-00 P
abundances =

grain-size = 0.0

# Solver parameters

ti = Oe-0

tf = 0e0
http://smaret.github.io/astrochem/

suffix = model-name
time-steps = 0
trace-routes = 0
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Chemical networks of Astrochem

0osu2009.chm: the network contains the reactions and coefficients of the
Ohio State University. The network is composed by around 6000 reactions
and 460 chemical species

L 05u2009.chm x
+H

- H2 4.95¢-17 5.60e-01 0.06e
w00 0 1
e(-) + grain -> grain(-) 6.90e-15 5.00e-01 0.00e
160 -1 2
() + grain(-) > + grain 4.96e-17 5.00e-01 0.00e
w60 -1 3
Fe(+) + gratn(-) > Fe + gratn 2.36e-17 5.00e-01 0.00¢
+00 -1
H(+) + grain(-) - H + grain 1.70e-16 5.00e-01 0.00e
60 -1 5
He(+) + grain(-) > He + grain 8.50e-17 5.60e-01 0.00e
16
ng(+) + grain(-) > mg + grain 3.76e-17 5.00e-01 0.00e
160 -1 7
NG+ + grain(-) >N + grain 4.76e-17 5.00e-01 0.00e
160 -1 8
Na(+) + gratn(-) > Na + gratn 3.60e-17 5.00e-01 0.00¢
100 -1 9
o(+) + gratn(-) =0 + gratn 4.40e-17 5.60e-01 0.00e
60 -1 10
S(+) + grain(-) ->s + grain 3.00e-17 5.00e-01 0.60e
w601 11
Si(+) + grain(-) - st + grain 3.30e-17 5.60e-01 0.06e
160 -1 12
H3(+) + grain(-) > H2 +H + grain 1.00e-16 5.00e-01 0.00e
160 -1 13
HO(+)  + grain(-) > H + + grain 3.16e-17 5.00e-01 0.00e
+00 -1 14
c + cosnic-ray - () +e(-) 1.020+03 0.00e+00 0.00e
w00 1 15
cl + cosmic-ray - Cl(+) +e() 3.00+03 0.00e+00 0.00e
w00 1 16
Fe + cosnic-ray > Fe(+) +e(-) 1.50e+63 0.00e+00 0.06e
w00 1 17
H + cosmic-ray > H(+) +e(-) 4.600-01 0.00e+00 ©.00e

Hasegawa, Herbst & Leung (1992)
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The case of NH,CHO

Chemical equations k(80 K)
(em® s 1)

Formation processes

(a) NHy + HpCO — NH,CHO + H 1x10710

(b) NHpCH,0" + e~ — NHoCHO + H 2.9x1077

Destruction processes

(c) Hj+ NHpCHO — NH,CH0' + Hp 3.9x1078

(d) CHJ+ NHCHO — CHsNT + HCO 1.9x1078

(e) H30" + NHpCHO — NHoCHpOt + Hpo0  1.8x1078

(£) HY + NHCHO — NHS + CO 1.7x1078

x
N
QF
(
\
n(x)/n(Hy)

n(x)In(Hy)

Time (yr)

Two cases:
a. Typical abundances of NHp and HyCO in interstellar conditions
b. Considering abundances of NH, and H»CO higher by a factor -1000




MODELLING

LINE A
O« 0O000e0000

Chemical behaviour of COMs: Several possibilities

Chemical networks can be explored changing easily physical properties

x = CpHz0H, HC,N, HCOOCH,;,  NH,CHO
T

4
10 1
Time (yr) Time (yr) Time (yr) Time (yr)




Chemical behaviour of COMs: Several possibilities
Chemical networks can be explored changing easily physical properties

n(x)/ny

n(x)/ng

X

HC,N,

HCOOCH,,
—

MODELLING
0O000e0000

NH,CHO

-H5OH,
——

[ 10°

-3
cm
1

10*

Time (yr)
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Chemical behaviour of COMs: Several possibilities
Chemical networks can be explored changing easily physical properties

HC,N, HCOOCH,;,  NH,CHO
o

X = CpHz0H,
o

n(x)/ny

n(x)/ng

n(x)/ng

10* 1 1
Time (yr) Time (yr)
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Tools of chemical modelling: Nahoon

v Nahoon computes the chemical abundances as a function of time
considering a gas-phase chemical model (Wakelam et al. 2012)

v' The code is written in Fortran 90 and is available on KIDA to compute
gas-phase chemistry

More info: Wakelam et al. 2012 and references therein
http://kida.obs.u-bordeauxl.fr/models/

Chemical reactions

v/ Bimolecular reactions

v' Electronic
recombinations

v Direct cosmic-ray

Abundance (w.r.t. H total density)

processes 1079
10774 4
v Photo-processes
104 q

T
10° 10° 10' 10 10°
Time (yr)
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Nahoon: input files
* Chemical network: KIDA (http://kida.obs.u-bordeauxl.fr)

CN C2H2 H HC3N 2.720e-10 -5.200e-01 1.900e+01 1.25e+00 0.00e+00 logn 4
10 300 3 904 1 1

kida.uva.2014 X
0.00e406 logn 2 -9999 9999 1 1291 1
fL-c3m2

ci 1-C3H 5.000+03 0.000e+00 ©.000e+60 2.00e+00
0.00e+00 logn 2 -9999 9999 1 130 1
can cRP

ca 5.000e+03 0.000e+00 0.000e+00 1.25e+00

0.00e+00 logn 2 -9999 9999 1 1311
can ci o (<) 1.000e+03 0.000e+00 ©.000¢+60 1.50e+00
0.00e+00 logn 2 -9999 9999 1 132 1

c3p 1.500e+03 ©0.000e+00 0.000e+00 2.00e+00

0.00e+00 logn 2 -9999 9999 1 133 1
cas c cs <) 1.500e+03 ©0.000e+00 0.000e+00 1.50e+00
0.00e+00 logn 2 -9999 9999 1 134 1

s RP €] &} 8.500e+62 ©.000e+60 ©.000e+60 1.25¢+00
©0.00e+00 logn 2 -9999 9999 1 1351 3
s C c ca 1.500e+62 ©.000e+60 ©.000e+60 1.25¢+00
0.00e+00 logn 2 -9999 9999 1 1361 3
HCOOH c HCOOH+ e~ 6.500e+62 0.000e+69 ©.000¢+60 2.00e+00
©0.00e+00 logn 2 -9999 9999 1 1371 1
HCOOH CRP oH HCO 2.496e+62 ©.000e+60 ©.000e+60 2.00e+00
©0.00e+00 logn 2 -9999 9999 1 1381 1
CH2PH CRP H2 HeP 1.500e+63 ©.000e+60 ©.000e+60 2.00€+00
0.00e+00 logn 2 -9999 9999 1 1391 1
CH2NH RP H2 HON 4.980e+63 0.000e+60 0.000¢+60 2.00e+00
0.00e+00 logn 2 -9999 9999 1 1401 1
CcHa C H2 cH2 2.340e463 ©.000e+60 ©.000e+60 2.00e+00
0.00e+00 logn 2 -9999 9999 1 1411 1
HO3N P e 1.720e+63 0.000e+00 ©.000e+60 2,00€+00
6.00e+00 logn 2 -9999 9999 1 1421 1
C-HCCHSL G H2 c-sic2 1.500e403 0.000e+00 0.000e+00 2.00e+60
0.00e+00 logn 2 -9999 9999 1 1431 1
SC3H CRP H 1-sic3 1.500e403 0.000e+00 0.000€+00 2.00e+60
©0.00e+00 logn 2 -9999 9999 1 1441 1
sic c @ c-sic2 1.500e+63 0.000e+60 ©.000¢+60 2.00e+00
0.00e+00 logn 2 -9999 9999 1 1451 1
SicH3 CRP H sicHz 1.500e403 0.000e+00 0.000+00 2.00e+60
0.00e400 logn 2 -9999 9999 1 1461 1
SiH4 CRP H2 siH2 1.560e+63 ©.000e+60 ©.000¢+60 2.00€+00
0.00e+00 logn 2 -9999 9999 1 147 1 1
Hean c @ cH o 2.000e+63 0.000¢+69 ©.000¢+60 2.00e+00
0.00e+00 logn 2 -9999 9999 1 1481 1
CH3CN CRP o 3 4.760e+63 ©.000e+60 ©.000¢+60 2.00e+00

0.00e+00 logn 2 -9999 9999 1 149 1
cH3CN RP CH3CN+ e 2.240e+03 ©0.000e+00 0.000e+00 2.00e+00
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* Physical conditions

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCe
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCee
N / Do you want to run in the uncertainty mode ? Y or N

0.000D+00
0.000D+00
0.000D+00
0.063D+00
written

0.000D-00
0.000D-00
0.000D-00
0.000D+00

* Chemistry
JSPACE = 0
1H0100
99 c-C3H2 0

H tot Density (cm-3) = n(H)+2*n(H2)

Temperature (K)

Visual extinction

Time (in timeres.dat) when you want the output.dat to be

Cosmic-ray ionization rate (s-1)

Dust to gas mass ratio (usually 0.01)
Dust grain radius (in cm)

grain density (in g cm-3)

000000O0O0O O 0.00000000D-00
203000000000 0 0.00000000D-00




Abundances (w.r.t. H total density)
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testing the chemistry of HC3N in L1157-B1

15t Step

2" Step

Chemistry
Elemental abundances
e.g. Wakelam & Herbst 2008

Abundanes in steady-state
(t=1 x 10° yr)

10°

10

10

ICN

HCNH

Physics

n(H) =2 x 10* cmn™3 n(H) =1 x 10° cmn™3

T=10K T =70K

A, = 10 mag Ay, = 10 mag

€=1x 10717 57! € =1-3 x 10716 g1

HCN
Ty Ty [ mnc,
1" Step 2 Step ca
J HNC44> ‘i////////‘<—i\\\\\\\\
HCN
g —
| | ) E
Ty e B s L
100 100 100 100 10° 10° 100 10° 10" 10" 10" 10° 10

Time (yr)




Index
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Summarizing

91000 90950

o WWV W{W‘W “"W\ “"WWMH P J«n\l

.- =

--

[@bservations| Software
GILDAS
Class
CASSIS

[ Databases: CDMS+JPL+NIST+...
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Summarizing

001 bt

27000

W
fo i i
B T

--

[@bservations| Software
GILDAS
Class
CASSIS

[ Databases: CDMS+JPL+NIST+... |

S,

* Unl\lop

Universidade do Vale do Paraiba

onsty,

THANKS! |\Eiamed |
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