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ALMA'S Super High Resolution Could Reach to

0.005"
1"=60"= 3,600

0.005" = 0.00000139

WOW!
That's an one NT
dollar coin above
Taipei 101.
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Organic molecules make up half of Comet 67P
A |

The Rosetta spacecrafiSEGuERRNTTD e, [l 52, qu 0 ussains.from Comet

67P/ChuryungiS e e T2 S ChEm COIEsbiaRsI ! ion.

By Jake Pags il st iy s tes
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2 atoms
CH*

CH

CH

co
Hz
Si0
C5
S0
Sis
MNS
Co
MO

HCI

MaCl
KClI

AlF

PN

3 atoms
Cy
CaH
C:0
G5
CH;
HCM
HCO
HCO*
HCS*
HOC*
Haz O
HaS
HNC

HNO

MgCN

MgNC

MaH*

NO

MaCN

4 atoms
c-CaH
I-CaH
C3N
Cal
CaS
CpHy*
NHy
HCCH
HCMNH*
HNCO
HMNCS
HOCO*
HzCO
HsCN

HCS
HyO*

c-SiCs

CHy'

CaM-

5 atoms
Ce"

CsH
CeSi
I-CsHg
c-CaHz
HzGCM
CH,"
HCsM
HCCNC
HCOOH
HsCNH
HzC20
HaMNCM

HNC

SiH,*
HaCOH*

CyH-

HC{O)CN
HNCNH

6 atoms T atoms
CeH CeH
l-HaCy CHzCHCN
CaHg* CH3C:H
CH4CN HCsM
CHyNG CH3CHO
CH40OH CHaNHz
GH3SH c-CaH4O
HCqNH* HaCCHOH
HCCGHO CeH-

MNHCHO

CgN

[-HC 4H*

[-HC M

c-HxC30

H,CCNH ¢-CHCCH
CgN~ I-H:Cs
HMNCHCHN MagCsM
EIH;GN GH;G;N
Cs5 NCyMH*

8 atoms
CHaCaN
HC{OWOCHS
CH3COOH
CrH

CgHz
CHzOHCHO
I-HCgH"
CHaCHCHO

CHzCCHCN

HCsMNH*

CH,CHCCH

MgCgH

CaHaMNH2

{CHOH),

9 atoms
CH3C4H
CHCHLCN
(CH3)0
CH3CHzOH
HG7MN

CaH
CHC{O)NH2

CgH"

CHCHCHN
HaCCHCsN

H,CCCHCCH

HOCHCHCHO
{2024)

HC;N* (2024)

CH2(CCH), (2024

(CHa):S (2025)

10 atoms
CHaCeN
(CH3)eCO
(CHzOH):
CH3CH>CHO
GCH3CHCH:0
CH3OCH-0H

C'CEHJ:

i CMN

-CH3CHCHCN
Z-GH3CHCHCN
CHsC{CN)CH2

CHoCHCH,CN
HOCHZC{OMNH;

CH5CH.CCH
(2024}

11 atoms
HCgN
CH3CgH
C2HsOCHO
CHaOCHO)CH

CH3C{O)CHZ0OH

c-CsHg

HOCH2GHaMNH2

HaCCCHCH
Cy aH™

HaC{CH)aCN ?

12 atoms
c-CgHg"
n-CsH7CN
i-CaH7CN
CaHsOCHs
1-c-CgHsCM
2-c-CsHsCN
CH3GN (7)
n-CsH70H
i-CyH;OH
{CHz)sC=CH>

=12 atoms
Ceo"

Cao”

Ceo*
c-CgHsCN
HCqyN
1-CqgHyCN
2-CygH;CN
c=-CgHg
1-¢-CgHsCCH
2-c-CsHsCCH
c-CgH4CCH2
2-CgHCN
CgHsCCH

CH3OCH>CH20H
{2024)

1-Cq2H;CN (2024)
5-Cy5H;CN (2024)

1-C1gHaCN (2024)

2-C1eHgCN (2025)

4-CqgHgCHN (2025)

https://cdms.astro.uni-koeln.de/classic/molecules
http://www.astrochymist.org/astrochymist_ism.html
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Mid-IR:4000—500 cm' (2.5—20 um)

< Increasing Frequency (v)

l(l)'” I '0“ I lo" 1 I0“ 1'02 ||0" v (Hz)

Microwave |FM AM Long radio waves

Radio waves
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Wikimedia Commons

UV (Ultraviolet): 200—400 nm
[320—400 nm (UVA); 280—320 nm (UVB); 200—280 nm (UVC)]

VUV (Vacuum Ultraviolet): |00—200 nm he 1240 eV

E oy ) G
EUV (Extreme Ultraviolet): 10—124 nm A A(nm)
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Stationary Mirror
[ |

Split Beam

Detector signal

Delayed
Split Beam
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Optical retardation
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Splitter

l Fourier transformation
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=
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=
_ # )
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Detector .

Recombined -

Beam Moving Mirror

Single-channel intensity
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Wavenumber, cm™’
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Absorbance
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Configuration

lons with a specific
mass-to-charge ratio

Atoms and molecules are filtered by applying

are ionized in a signal a combination of DC Mass filtered ions are

ion source following by and RF voltages to each collected by Faraday

electron impact (El). guadrupole. cup detectors.

Quadrupole
lonization Filament (A) Focus Lens
Area o e
,::.’:':o_'o'l .:.':}’.'.'I, o
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CAXXY
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Particles

1. A collision with a moving particle
excites the atom.

2. This causes an electron to jump to
a higher energy level.

3. The electron fall back to its original
energy level, releasing the extra energy
in the form of a light photon.

[ )

Light
Photon




dP(A)/dn (nm™)

0.08 T I ' I ' I ' T ' T ' I

Calculated cosmic ray induced UV field
— H, UV lamp (T-type H, 0.4 torr)
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0.04 |- —
0.02 - -
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Electrical spark
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gases (primitive atmosphere)
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Direction of water vapor circulation
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Trap



K- 7B EBRRIE RBIAEfn RV R RE 2B AL ER,
AR, ARFRERES AL, APER—ERER, PEHIKAYRIR
Kee [ERE] | mik [|E] /9,

BRERHEAESAENRER NMEE (RE=)




LETTER

doi: 10, 1038/ nature 10655

The oxidation state of Hadean magmasand ___, _.
implications for early Earth’s atmosphere =OH

Dustin Trail™*, E. Bruce Watson™ & Nicholas D. Tailby'-

Magmatic outgassing of volatiles from Earth's interior probably
plaved a critical part in determining the composition of the earliest
atmosphere, more than 4,000 million years (Myr) ago'. Given an
clemental inventory of hydrogen. carbon, nitrogen, oxygen and
sulphur, the identity of molecular species in gaseous volcanic
emanationsdepends critically on the pressure (fugacity) of oxygen
Reduced mielts having oxvgen fugacities chose to that defined by the
iron-wiistite butfer would yield volatile species such as CHy, Hy,
H,% NHy and CO, whereas melts close to the favalite- magnetite-
quartz buffer would be similar to present-day wonditions and
would be dominated by Ha0), COy, 5O and Ny (refs 1-4) Direct
constraints on the oxidation state of terrestrial magmas before
3,850 Myr before present (that is, the Hadean con) are tenuous
because the rock record is sparse or absent. Samples from this
carliest period of Earth’s history are limited to igneous detrital
zircons that pre-date the known rock record, with ages approach-
ing ~4,400 Myr (refs 5-8). Here we report a redox-sensitive
calibration o determine the oxidation state of Hadean magmatic
melts that is based on the incorporation of cerium into zircon
crystals. We find that the melts have average oxygen fugacities that
are consistent with an oxidation state defined by the favalite-
magnelile-quartz  buffer, similar to present-day conditions.
Moreover, selected Hadean zircons (having chemical characte ristics
consistent with crystallization specifically from manthe-derived
melts) suggest oxygen l'ug,:lcill'n similar to those of Archacan and
present-day mantle-derved lavas®™*® as carly as ~1,350 Myr
before present. These results suggest that oulgassing of Earih's
interior later than ~200 Myrinte the history of Selar System forma-
tion woukl not have resulted in a reducing atmosphere,

Trail et al. 2011, Nature 480, 79

Here we report a calibration to determine the oxidation state of a
magmatic met based on the incorporation of cerium (Ce) into zircon.
Cerium is unique among elements that partition into drcon (and among
the rare-earthelements, REEs) in that it can existin melts as either Ce'”
or Ce’*. The magnitude of Ce enrichment in drcon depends on the
Ce'* 1Ce™* ratio of the medium from which it aryvstalizes, Because Ce**
is vastly more compatible than Ce’® in zircon, more-oxidized melts
will yield higher Ce contents in the mineral To explore the details of
Ce uptake, zircons were grown in a piston oylinder apparatus at a
pressure of | GPa and at temperatures of 900- 1,300 °C from hydrous
silicate melts (72wt S5i();) doped with lanthanum (la), Ce and
praseodymium (Pr) (with and without phosphorus). Lanthanum
and Pr were included as bracketing’ elements because these exist only
as 3+ jons, and pantition coefficients for zircon trivalent REEs are
known to monotonically increase from La to lutetium (Lu) (rell 13);
by convention, partition coefficients are expressed as the crystal/ melt
concentration ratio, DES™* (here zrc indicates zircon, the arystal
concerned). This systematic behaviour provades a convenoent reference
for natural zircon to characterize the relative enrichment of Ce in
zircon, relative to other REEs, with changes in f, - This is expressed
as a ‘Ce anomaly, (Ce/Ce®)p, and is caleulated in the following
manner:

((:e) DS/t n
ce v D = x 'r-fnhm

where DE/™* s the combined partition coefficient of Ce** and Ce®*

= - e | [ (] - e
in zircon, and D)™ and D™ are respectivdy the partition co-
alflirramts faw pemialant 1o amd B Tha danacmina tar an tha mahe hasd
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Vet

Table 1 Amino-acid abundances and 5'°N values

Amino acid Concentration "N (%o)*
(nmolg™)

a-Aminoisobutyric acid 201 +184
Sarcosine NDt +129
Isovaline 8.0t +66
Glycine 24.5 +37
B-Alanine 12.8 +61
D-Alanine -$ +60
L-Alanine 10.4% +b7
L-Leucine 2.5§ +60
D,.-Proline NDt +B0ll
D,L.-Aspartic acid 47§ ol
D-Glutamic acid -$ +60
L-Glutamic acid 10.8§ +b8

65N (%o) = [("*N/™N)gampie/("*N/™N)gangarg — 1] X 10°

Engel etal. 1997, Nature 389, 265
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» ROSETTA'S COMET CONTAINS INGREDIENTS FOR LIFE

liRosina-DFMS
I [

# of particles / 20s

I —— A T =
74.90 74.95 75.00 75.05 75.10 75.15
miz

Spectrum in'dicating. glycine (C,H,NO,) detectiqn'on 9 July 2015. The simple
amino acid glycine is & biologically important organic compound commonly
found in proteins. &

The measurerhents were ma;de with the Rosetta Orbiter Spectrometer
for Ion and Neutral Analysis Double-Focusing Mass Spectrometer
(ROSINA-DFMS). .

Phosphorus detection

# of particles / 20s

Orbit of Comet 67P/C-G.

30.90

The data were collected between August 2014 and August 2015. The measurementsswere made when Rosetta was between 10 and 200 km from the comet. Spectrum indicating phosphorus (P) detection, along with other gases,
: on 26 October 2014. Phosphorus is a key element in all living organisms.
It is found in DNA, RNA and in cell membranes, and it is used in transporting
. chemical energy within cells for metabolism. 5 .
www.esa.int Spacecroft: ESA/ATG medialab; Comet: ESA/Rosetta/NavCom ~ (C BY-SA TGO 3.0; Doto: Altwegg et al. (2016) ) European Space Agency
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Species Comet Hale-Bopp 2 NGC 7538 IRS g P W33Ab
@ 100 100 100
CO 20 16 9
@ 6 22 14
@ 0.6 13 15
CH,OH 2 5 22
H,CO 1 4 1.7-7
HCOOH 0.05 3 0.4-2
CH, 1 2 2
C,H, 0.5
C,Hg 0.5
OCN - 0.37 1 3
OCS,XCS 0.7 0.3
SO, 0.15

a. Crovisier et al. 1998, Faraday Discussion, 109, 437
b. Gibb et al. 2000, ApJ, 536, 347
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After broad band VUV/EUYV irradiation (4-20 eV) and warmed up (15-300 K)
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A possible scenario of the origin of life
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Willacy & Millar, 1998, MNRAS, 298, 562
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Pagani et al. 2005, A&A, 429, 181
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Absorbance
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