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Um caminho trilhado: dos atomos as moléculas

Tabela periédica e abundéncias

1. Imagem do CHANDRA X-ray Observatory.
http://http://chandra.harvard.edu/resources/flash/periodic_tables.html

The Chemical Universe
The Periodic Table for Astronomy

In this version of the periodic table, the average
abundance by mass of the various elements in
the universe (called cosmic abundances) relative
to hydrogen is shown by the size of the square for
each element. Each pixel corresponds to 0.01 %
relative abundance by weight. As illustrated by the
size of the squares (rollover to see the actual
size) and the pie chart, hydrogen and helium are
far and away the most abundant elements in the
universe. Al the other elements combined would seepETALS P
fitinside one pixel, so amountto less than .01 %

of the total

Rollover elements to learn their names and
their mass sizes.
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Um caminho trilhado:

dos atomos as moléculas
Tabela periédica e abundéncias

2. 1976 Ref. Chemistry, Vol 49, No. 3, p17-18

The Elements According to Relative Abundance

A Periodic Chart by Prof Wm.F. Sheehan, University of Santa Clara, CA 95053
Ref. Chemistry,Vol.49,No.3, p 17-18,1976

Colors suggest
relative electro
negativity

> 1970 Wn. . Sheshan
Al Rights Resorved
Roprinied rom 1978 D Calendar.
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Um caminho trilhado: dos atomos as moléculas

Tudo que pode surgir de uns quantos elementos...

ETHANE

ACETO-
NITRILE

/1
"

(©2000 R. Ruiterkamp
http://home.strw.leidenuniv.nl/~pascale/astrochemistry.html
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Um caminho trilhado: dos atomos as moléculas

-Criar correlagdes entre essas unidades, criar ordem a partir dos
movimentos cadéticos que se originam no estado de equilibrio-

Fragmento do livro tdo somente uma ilusio (Ilya Prigogine)

https://www.edge.org/response-detail/27023
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Um caminho trilhado: dos atomos as moléculas

-Criar correlagdes entre essas unidades, criar ordem a partir dos
movimentos caéticos que se originam no estado de equilibrio-

Fragmento do livro tjo somente uma ilusio (Ilya Prigogine)

2017 : WHAT SCIENTIFIC TERM OR CONCEPT OUGHT TO
BE MORE WIDELY KNOWN?

IntheNews[15] | Contributors [206] | View All Responses [ 206 ]
W Steven Pinker
el Johnstone Family Professor, Department of Psychology; Harvard University; Author, The Sense of Style
The Second Law of Thermodynamics

https://www.edge.org/response-detail/27023
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H, C, N, 0, P, S

Known and Mol July 2000
Number of Atoms
2 3 4 5 6 7 8 9
H  HO NH, SiH, CH:0H CH,CHO CHiCOJH  CHyCH,0H
OH  HS Hi0* CH, NH.CHO  CHyNH, HCOCHy  (CH.).0
S0 S50, H,CO CHOOH CHsCN CH3CCH CHsC,CN CH;CH,CN
SOF  HNf H.CS HC=CCN  CHJNC CHCHCN  CoH HC=ClCN
S0 HNO  HNCO  CHNH  CHySH HC,CN HiCy H(C=C),CHy
Sis SiH,? HNCS NH;CN CiH oH CsH
NO NH, ccen H,CCO HC,;CHO ©-CH;0CH,
NS Hi HCOf CH CHy=CH;  C;7 10
HCI NNO CCCH e-C3H, H,CCCC S ————
NaCl HCO ¢-CCCH CH,CN HC3NH* CH;COCH;
KCl HCO* ccco C; C;N CH,(C=C),CN?
Acl  ocs  cccs sic, €87 r=
AF  CCH  HCCH  HCCC K4 n
PN HCS'*  HCNH'  HCCNC | oo S I
SIN ¢-SicC HCCN HNCCC E H(C=C).CN
NH cco H.CN H,Co* [- 80 g
CH ccs ¢-SiCy Q 13
CHY €y CH, Lo 2 -
cN MgNC  CH,D*? 2 H(C=C)sCN
CO  NaCN 2
cs  CH, [% g
C MgCN 2
Sic  HoCt &t ra Total: 123
cP HCN N
co* HNC - L
HF SICN 1840 50 60 70 80 % 2000
KCN? Year

Microwave and laser spectroscopy of carbon chains and rings.
From the journal: Chem. Soc. Rev., 2001, 30, 177 -185
Uma tabela atualizada incluindo moléculas extragalédcticas pode ser encontrada em

https://www.astro.uni-koeln.de/cdms/molecules
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Espectros no laboratério, espectros com telescépios

Catalogos como JPL, CDMS e NIST! retinem centenares de frequéncias, as
quais s&o obtidas através de métodos tedricos e/ou experimentais.
Busca por emiss&o de CH3C=00CH=CH, em Orion KL

g i g+ Bage Mg Ty
83 87 4ne Bt g Moz e T
— n

£ A £ EA

61380 281400 281480 201500 261550 51650 1700 21750 267800 261850

261800 2
Frequency (MHz)

LI T L AN L W

2l Ry 0z 0.z F

L] f
243286 24332 24308 24000 2448 24483 24501 24504 24582 24585 246,18 246.18
Frequency (GHz)

Referéncia: Kolesnikova et al. 2015. A&A, 577, A91

Lhttp://www.astro.uni-koeln.de/cdms/ and https://spec.jpl.nasa.gov/ftp/pub/catalog/catform.html and
https://physics.nist.gov/cgi-bin/micro/table5/start.pl
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bt to be remmants of the birth of
ssten.

processes that created
o & okl s the carth

o 4 sourco of somo of
organie compounds that g rio to e
on easth,

Um delivery espacial (e especial)

Murchison meteorite specimen at the National Museum of Natural History (Washington)
Imagem tomada de Wikipedia
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Meteorito Murchison: um caso particular

Fluorescéncia do (a) meteorito Murchison e (b) de gelos interestelares (laboratério)
(Allamandola & Hudgins 2003)

Table 1. Nucleobases identificadas no meteorito

Murchison (Glavin et al. 2004, Martins et al.
: Z S 2008) .
<

3 N Nucleobase Concentragéo

° Benzene ° Pyrimidine NH, (ppb)
Adenine 204

N/H HiC W Ny Cyto;ine < 11

‘ /K ‘ ) ‘ Thymina < 255

§ /K Guanine < 16
N ° i o | ° Uracil 145
J. H H Hipoxanthine 232
Uracil Thymine Cytosine Xanthine 356

Estrutura molecular de nucleobases.
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-Reconhecer a complexidade, encontrar os instrumentos para descrevé-la e
efetuar uma releitura dentro do contexto atual do ser com a natureza-

Fragmento do livro tjo somente uma ilusio (Ilya Prigogine)

es01718pt-br — Nota de imprensa cientifica

ALMA descobre ingrediente da vida em torno
de estrelas bebés do tipo solar

demetia —

Sistama S Tera.

1. Em astroquimica, moléculas organicas complexas s&o essas com mais de
6 atomos onde pelo menos um deve ser C
2. Complexidade molecular — abund&ncia, diversidade, coeréncia

idade



intro dois casos tempo de conversdo complexidade
0000000 0®000 0000 000000

A regido de choque L1157-B1
Molecular complexity with the ASAI Large Program

PIs: B. Lefloch & R. Bachiller
Astrochemical Surveys At IRAM

“laedy

L1157

protostar - e

oé&WWmﬁM

A oor o A oo
— K

e
A

EOTAE T

Linhas de PN e PO detectadas em L1157-B1

Lefloch, Vastel, Viti, Jimenez-Serra, Codella, Podio, Ceccarelli,
Mendoza, Lepine & Bachiller (2016) MNRAS, 462, 3937.

Imagem tomada de
http://www.iram-institute.org/EN/news/2017/143.html (NASA/Spitzer)
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estruturas minimalistas: NHo,CHO e HNCO

Detecgdo de NHpCHO e HNCO com ASAI protoestelares
1. 0 caso de L1157-B1 (Mendoza et al. 2014)

T T T T r
85.093 GHz 87.848 GHz
Fd22-321
=
E
Gi
20 + + + + + t + + +
102.064 GHz 105.464 GHz 105.972 GHz
15 E515—414 F 505404 F 5247423 E
2 10 r % =
&
.. 5 r
e
0
20 + + t + + + + + t
131.617 GHz 211.328 GHz 218.459 GHz
15 615514 F1029925 F1010-91
3 P 3
c
.. £
5

1 (1n/)'° 10 48n/9)1° ~1% 48a/5)10
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estruturas minimalistas: NHo,CHO e HNCO
Detecgdo de NHpCHO e HNCO com ASAI protoestelares

complexidade
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2. Identificag8o numa amostra de regides protoestelares (Lépez-Sepulcre
et al. 2015)
SVS 13A VS 13A

0.06 7 T T T T T T T T

o fnco 0.04 e

242,640 GHz 264,694 GHz 237,897 GHz
0.04 - e

0.02
0.02 -
o ]

1 t t 1 + 0.04 H + + t t t

HNCO HNCO NHCHO HO

109,46 Gz 218981 Ghz 003 [211:329 G 212573 ore E
0.04 - 1

Tes (K)

t +
NH,CHO
105,464 GHz

+ t
O
142,701 GHz

5 10 18
Viar

(km o)
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Formacdo de NHoCHO em fase gasosa
Estudo considerando energia e cinética quimica (Barone et al. 2015.
MNRAS, 453, L31)

H He
N n
L9 KNP M
H g H’F o —» H"F:O — /c:o + H*
NH, H,N H,N H:N
Relative
Energies
kJ/mol, - 4
: - £ A 137‘:;5 -t
il i cm
o . 50 @ »
] 02 D—a
0 /
4 2
-20 -+ Electronic energy (CBS-QB3)
Eel (CBS-QB3)+ZPE (B2PLYP-D3)
40 +
-47.3
o -85,
60 \ . poadd s
I‘ 1 4
=715 formamide
-80 + 9 -46.9

Reaction Coordinates
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Formacdo de NH,CHO em fase gasosa

Estudo considerando energia e cinética quimica (Barone et al. 2015.
MNRAS, 453, L31)

H, H?
c=0 H
H’{l‘ - HHBE:W-[E)\ —= [4-6=0| —  c=0 +mr
NH, H,N H,N HoN
10—6 -
=
o 107 1
18] 3
5 . i
kel st
5 107® 3
Kol
<C
107 3

10°
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A assinatura espectral do metanol (CH30H)

A orientagdo dos spins do metanol define se a molécula é orto ou para.
Tal carateristica aparece nos espectros.

DECLINATION (J2000)

161235

20 15 10 05
RIGHT ASCENSION (J2000)

0221 recion Tmacen +aken fram ht+n: /7wy coemanaticias oro
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0 Meio Interestelar

Processos de conversdo de spin

1. Em fase gasosa (ver Sun, Ge, & Zheng 2015. Nat. Commun.

tempo de conversdo
0@00

como laboratdério de

66
64|
62|
60F
58|
56
541
52t
50F
a8k
48}
44+
42}

m— Fitted curve

Conversion rate y (107757}

@ Experimental data for the ortho-CH,OH isomer in Case 1

?

IR — T TR W T——

1
08 10 12 14 16 1.8
Pressure (Torr)

prova

6:6877)

complexidade
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0 Meio Interestelar como laboratério de prova

Processos de conversdo de spin

2. Em gelos (ver Lee et al. 2006. Science, 311, 365)

Absorbance

D

Cc
0.4

B

A

T T T
1033 1032 1031 1030 1029
Wave number (cm-')

Fig. 1. Partial IR absorption spectra of the (-0
stretching mode of matrix-isolated CH,OH. (A)
CH,0H/Ne (1/5000). (B) CH,OH/p-H, (1/5000)
after deposition. (€) Annealing of CH,OH/p-H, for
2 hours at 5 K. (D) Sample in (B) after 70 hours
in darkness at 3.5 K. For each acquisition of spec-
tral data, 200 scans corresponding to a resolution
of 0.05 cm™ were accumulated. The acquisition
process took ~1 hour, during which time the sam-
ple was held at 3.5 K.

tempo de conversdo

complexidade
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0 caso de G331
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1k A-CH,O0H / 4
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Frequency (MHz)

Column density (crn‘z)
IS
)
T
|

v Observacdes feitas com APEX
(Mendoza in prep.) 10
http://www.apex-telescope.org/pictures/ A-CH,CN E-CH,yCN

14
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Equilibrio e tempo das populagdes orto e para

1. E/A-CH3CN em TMC-1 (Minh et al. 1993. A%A, 267, 229)

1.4 v v v T - . —
12+ 1
10} ]
< 08Ff / /
z L |
w
2" 06 Fmmmmmm E

— E/A EQUILIBRATION AT T .,

0.4 4
EZ 2' ALLOWED BY OBSERVATIONS 1
0z2r 1
o =~~~ 10 UNCERTAINTY 4
0.0 L n L 4 n PR n L
0 10 20 30 40 50

Trot (K)

Fig. 2. Abundance ratio for E-type relative to A-type CH,CN. Solid
curve is Boltzmann distribution at temperature T,,,, corresponding to an
equilibrium population distribution. Hatched area corresponds to the
ratio consistent with present observations, under various assumptions
(see text), with 10 measurement uncertainty indicated by dashed lines
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Equilibrio e tempo das populagdes orto e para

2. E/A-CH30H em objetos estelares jovens (Wirstrdm et al. 2011. A&A,
533, A24)

-
b

—2
—
=

E- to A—methanol ratio
o = =)
S =z} o0 —

=
o

0 10 20 30 40
Spin Temperature [K]

Fig. 7. The equilibrium E- to A- methanol ratio as a function of nuclear
spin temperature (solid curve). Ratios <1 observed towards our sources
are plotted as stars according to this relation, errorbars indicating effect
of a 10% difference in the assumed T, for A-methanol. Horizontal ar-
Tows represent sources where ratios >1 according to the y-scale, and are
drawn from the equivalent spin temperature of the lower errorbar,
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Q  Interstellar
_C.___organics
2

HO, P H-c=c-c=N l~, H-C=N
H

1 Jwards
Ricardo et al. (2004)
Scienca 303, 196 ‘chsmlslry onnor (2004) Acc.

Chem. Res. 37, 784-797

A path to the WD azuih
simplest first life Rf‘;,f’;. A ol !
5 o
discover allen lifg Lifeasa | Construct En L#
i life in the lab He 0 1) ln
independent genesls? universal nl)‘l’.(":;x{' nH E
backwards i H "

Baross, Benner et

al. (2007) Natl,

Res. Councl,

LS 0 o sovenrost
3

e for laboratory study Eucarya Archaea Bacteria Paleogenetics

Benner et al. (2007) Adv. Enzymol. Mol. Biol. Protein Evol. 75, 1-132

synlhetlc hlology

(Benner et al. 2011)

e Whitesides Research Group http://gmwgroup.harvard.edu/

e Hanczyc Lab, laboratory for Artificial Biology
http://www.martinhanczyc.com/
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simetria e flutuagdes: aminoacidos em gelos

1. Gelo de composig&o: Hp0:CH30H:NH3:C0:COp = 2:1:1:1:1

2. Temperatura = 12 K. Irradiag8o com fétons UV

COOH

Gly NzN’\NrHZ Hzn’\hﬁ"o“
p-Ala
0-2-ABA S LAl
HoN' COOH HoN
L-2-ABA Hz:lj/\ z;j
z g 10 11 12
LA 0-Val + B-Ala
4 L-Val H
D-Ala HaN NI
__bL-Pro : \(27’ " HNTY N
NH,
L-Asp
T r DAH
n-Asp. D-Ser
N-EtGly
HoN. NH

25 5.0 75 10.0 125 150 17.5 20.0 225 250 27.5 30.0 325 35.0 37.5 40.0 425
Time (min)

Muifioz-Caro et al. 2002. Nature, 416, 403
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simetria e flutuagdes: aminoacidos em gelos

Material genético: aminodcidos (L) e agucares (D)
(ver Sintra-Grilo et al. 2010, Evans et al. 2012)

L-alanine D-alanine

Lt/’i HooC /

N nun%(
HiC Hy
ol

(#) dextrorotatory  (-) levorotatory
(S)-enantiomer  (R)-enantiomer

90
70 .

50f{°°° o e

8

L-crystals (%)
o
IS
©
s

S & 8 B

0
0 10 20 30 -15 <10 05 0 05 10 15
Experiment number (m_= ng) / (ny + ng)

Kondepudi et al. 1990. Science, 250, 975
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Excesso enantiomérico terrestre

Origem da assimetria: Sintese ou degradagio de aminodcidos por fétons UV
polarizados (Evans et al. 2012, Modica et al. 2014)

hv=6.6eV CO, COy, H;0 hv=6.6eV
T=80K NH3, CH;0H T=80K
I-cpl r-cpl
hu=84eV
T=12K

unpolarised hv

o 0 0
NHy e——— NH, /”\/ NH;
HO ol HO recpl HO ;i
R
L-Alanine D-/L-Alanine D-Alanine

Evans et al. 2012. Chem. Soc. Rev, 41, 5447
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-A matéria em equilibrio € cega, fora dele percebe as minisculas diferengas essenciais
para a construcdo paulatina de sistemas altamente coerentes e complexos-

Fragmento do livro T&o somente uma ilusdo? de Ilya Prigogine

Experimental Models of Primitive Cellular Compartments: Encapsulation, Growth,
and Division. Hanczyc, Fujikawa & Szostak. 2003, Sci, 5645, 618
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em resumo: molecular complexity

Uma contribuig8o importante seria a do estudo de processos de condugio
térmica, difusdo e reagdes quimicas para o MI

ANV

Rf = kraxa, R = kea?

1dS Ry
[, >
U g¢ = R(Re=Ro)n (R,) 0

Modern Thermodynamics. D. Kondepudi & I. Prigogine 1998
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em resumo: molecular complexity

Uma contribuig8o importante seria a do estudo de processos de condugio
térmica, difusdo e reagdes quimicas para o MI

N7\ =3

R = kraxay, Ry = kra?

1 R
145 = R(Rf — R)In (Ff) >0

Modern Thermodynamics. D. Kondepudi & I. Prigogine 1998
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