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Hi, | am José Carlos Aponte

Born in Lima, Per(, but
grown up in the
countryside




Hi, | am José Carlos Aponte

Went to public schools

(,I'A"‘ perseverar on
Iugar de renunorar




Hi, | am José Carlos Aponte

Studied Chemistry in college:

1- Study something that can be
done everywhere

2- Study something that will
give you time for yourself

3- Leverage your strengths,
don’t compare yourself to others




Left home to pursue a
doctorate degree in
Organic Chemistry at
the University of
Louisville in Kentucky,
USA




Hola, soy José Carlos Aponte, PhD

Went to work at Brown
University

There | learnt about
astrobiology and
astrochemistry

In 2012 moved to MD to
work at NASA Goddard




Where is NASA?
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“My” Asteroid

In 2017 asteroid 2005
EY161 was renamed
after myself:

117652
Joséaponte

For my work as
astrochemist and as
part of the OSIRIS-REXx

mission.

117652 Joseaponte — =l
Earth Distance: 3.614 au
Sun Distance: 2.709 au

2021-09-08 00:09 UTC

Physxcal Parameter Table

e e e e ———————————

Ty K O .y N

3.006 0.132 |urn:nasa:pds:neowise_diameters_albedos::2.0[mainbelt] (http://adsabs.harvard.edu/abs/2011ApJ...741...68M) -

l|geometric albedo - 0.014 |urn:nasa:pds:neowise_diameters_albedos::2.0[mainbelt] (http://adsabs.harvard.edu/abs/2011ApJ...741...68M

117652 Joséaponte Discovered 2005 Mar. 9 by Mt. Lemmon Survey at Mount Lemmon.

José Aponte (b. 1981) is an astrobiologist at the Goddard Space Flight Center for the OSIRIS-REx Mission. His research emphasis is in organic
thmlstly in meteorites.
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Easy Take-Homes for a Successful Career

Adapted from Dr. Stephanie Getty, Deputy Director of Solar System Exploration Division at NASA GSFC

* Be yourself

* Admit to what you don’t know — and don’t be afraid to contribute what
you do know

* Have an open mind about where your career will take you
* Set a work-life balance that is right for you — there is no one-size-fits-all

* |f one path doesn’t suit you, look for opportunities that really interest you
to bring out your best

Don’t chase or follow your dreams, focus on your reality and

how that can take you to fulfill your dreams.
-Christopher Nolan?




Where do Astrochemistry Happen?

1. COLD INTERSTELLAR CLOUD

(10 20K).
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Approaches to Study Prebiotic Chemistry
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Remote Observations &
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Spectroscopy for Remote Observations

>100 organic molecules have been identified interstellar locations

Atacama Large
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Heterodyne Instrument for the Far-lnfrared (HIFI) Spectrum of Water
and Organics in the Orion Nebula

James Webb
Space Telescope Copyright: ESA, HEXOS and the HIFI consortium



Milky Way Galaxy at Ten Wavelength Regions
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Some of the Known Interstellar Molecules

Molecules in the Interstellar Medium or Circumstellar Shells (as of 08/2026)

About 350 molecules have
been detected in
the interstellar medium or
circumstellar shells

https://cdms.astro.uni-koeln.de/classic/molecules



Transmittance (arbitrary units)

Remote Observations... Not Always Easy
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Approaches to Study Prebiotic Chemistry

Dense

Comets
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Remote Observations &
Simulations

In situ measurements
Sample return missions



Studied Comet
67P/Churyumov-
Gerasimenko from

2014 to 2016




Rosetta’s Glycine Detection

Image: ESA

O

* Glycine detections made based on mass and
fragmentation pattern

* Glycine detected ~10% of the time, with
abundances from 0% to 0.16% of water

74.90 74.95 75.00 75.05 75.10 751

[]]

* Methylamine and ethylamine also detected

concurrent with glycine
Altwegg et al.(2016) Sci. Adv. 2, e1600285
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Curiosity Rover Fatty Acids Detection

LARGE ORGANICS
ON MARS

Decane Undecane
lvb

jg
),
:

GARBON'
HYDROGEN




LAUNCH

July 2028 xploration
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Sample Return Missions

Moon

NASA Apollo 11, 12, 14, 15, 16, and 17 (1969, 1971, 1972)
Soviet Luna 16, 20, and 24 (1970, 1972, 1976)
CSNA Chang’e 5, 6 (2020, 2024)

NASA Artemis |V, etc. (in development)

Solar wind

NASA Genesis (returned 2004)
Comet tall

NASA Stardust (returned 2006)
Stony Asteroid

JAXA Hayabusa (returned 2010)

CSNA Tianwen-2 (launched 2025)
Carbonaceous Asteroid

JAXA HayabusaZ2 (returned 2020)

NASA OSIRIS-REX (returned 2023)

Phobos
JAXA MMX (in development)

Mars
NASA/ESA MSR (cancelled)
CSNA Tianwen-3 (in development)



Apollo Missions
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APOLLO PROGRAM
OVERVIEW
(1961-1972)
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Total Matenal Returned:
M 382 kg (842 Ihs)

Astronauts on Moon:

Landing
12 Sites: 6
@ Key Goals:

* Crewed exploration
* Science
» Sample collection
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Genesis Mission NASA

mission

Genesis was designed to
capture pristine solar
wind particles and return
them to Earth for analysis.

It successfully gathered
solar material, but its
return capsule suffered a
hard crash in the Utah \ A,
desert in September 2004 & Z |
due to a deployed "
parachute design error.



Stardust Mission

— — — — — —

We detected
ammonia,
amines, and

amino acids.
Elsila et al. 2009

- §Amino acids?
=" :

ey




Hayabusa, Hayabusa2, and OSIRIS-REX

EVELIEE]

Japan - 2003 1o 2010

—ﬁ—

Targe! Asteroid ltokawa
Timeline Launched 2003 - Retumed 2010

Sampla Microscopic dust grains

2003 launch

Hayabusa [ 2

Jaxa
R EVELTEE VA
Japan - 2014 to 2020

-i-

larget Asteroid Ryugu
Timeline Launched 2014 - Returned 2020
Samplo About 5.4 grams

Mission timelines

2010 retums

2005 amves

Hayabusa2

OSIRIS-REX

®

Touch, don't land
Each craft briefly touched the

surface to collect a8 sample

2014 launch

NASA

OSIRIS-REX

United States - 2016 to 2023

-*-

larget Asteroid Bennu
Timeline Launched 2016 « Returned 2023
Sample About 121.6 grams

2020 returna

2016 aunch

O °

2018 arrives

023 retums

What all three missions have in common

©

Capsule comes home Shared between agencies
A sealed capsule parachuted JAXA and NASA traded pieces
down into & remete dasert of their samples to compare

2018 amves

@

Clues to our origins
Samples hold organics and water

from the solar system's early days

2



Hayabusa, Hayabusa2, and OSIRIS-REX

JAXA NASA

Hayabusa2 OSIRIS-REx

United States - 2016 to 2023

EVELIEE]

Japan - 2003 to 2010 Japan - 2014 to 2020

= == - -

larget Asteroid Bennu
Timeline Launched 2016
Sample About 121.6

larget Asteroid Ryugu
limeline Launched 2014 - Returned 2020
Samplo About 5.4 grams

Targe! Asteroid ltokawa
Timeline Launched 2003 - Returned 2010

Sampla Microscopic dust grains

Mission timelines

2003 launch 2010 retums
Hayabusa @ O 2
2005 amves
2014 launch
Hayabusa2 ©-
2016 W
OSIRIS-REx

What all three missions have in common

® ©

Touch, don't land Capsule comes home Shared between agencifis Clues to our origins
A sealed capsule parachutad Samples hold organics and water

down into a8 remote desert

JAXA and NASA traded piec

of their samples to compare from the solar system's early days

Each craft briefly touched the

surface to collect a sample




JAXA's Hayabusa2 Mission
Asteroid Ryugu

(“Dragon palace”)

~1 km wide (0.62 mi)

b -
-
- T x

" Launched in bécerhbér 2614
& Arrived at Ryugu on June 27, 2018
.~ Hayabusa2 touched down on July 11, 2019

T AT T

-



JAXA's Hayabusa2 Mission

Hayabusa2 touched down
on July 11, 2019

Landed in the Australian
Outback on December 6,

Over 5 g of material
was collected




Hayabusa2 Initial Analysis SOM Team

Over 20 analysis subteams
based in Japan, Germany,
France, and USA, among them:

l\\ “‘1

jnrﬁ

Volatile components

Organic macromolecules
Raman characterization

X-ray nanotomography
CNHOS isotopic compositions

&

Soluble organic matter p%
(SOM)




Artemis
Missions
Going back
to the
Moon and
the Future
of Sample
Return
Missions




Artemis

| G | Missions
, S Near [ erlache-Kocher N
i n, o mm i wsi 2t Going back
e | By to the
=S ’Sg Moon and
~ the Future
cg of Sample
= Return

Missions



W Martian Moons eXploration (MMX) -
Mission 'f

Launch late 2026 (Tanegashima Space Center, Japan)
Orbit around Mars in 2027 and map Phobos and Deimos
Land on Phobos in 2029 and collect 210 grams

Return samples to Earth in 2031

Phobos

MARS' TWIN MOONS PHOBOS AND DEIMOS
COULD BE ANCIENT ALIEN SPACE STATIONS,
NOT NATURAL SATELLITES

Martian Moons eXploration

33



4,4# Martian Moons eXploration (MMX).
Mission '

» Launch late 2026 (Tanegashima Space Center, Japan)

* Orbit around Mars in 2027 and map Phobos and Deimos

« Land on Phobos in 2029 and collect 210 grams

* Return samples to Earth in 2031

« Science objective: Determine the origin of the martian
moons: captured asteroids or giant impact on Mars

iy, BE >

Phobos

Martian Moons eXploration

34



. . . What's the Realit
Can Artemis and MMX missions help us o coionizine rares

on our journey to Mars? FN /*;5;) ( B\
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Approaches to Study Prebiotic Chemistry

Dense

Comets

- lanet Aster0|ds &
'ég’fg'{ppiﬁﬁc?g /) /Planetesnmals

0o/
e ,@,%
Endogenous Volcanic (/7’( /33

Synthesis Outgassing, Meteorltes >

Mlller-Urey
Hyd\r/oégtesrmal 4 = ;ﬁ\ /" Syntheses

drosphere

. —

After Deamer et al., (2002) Astrobiology 2:371-381

)

>

Remote Observations &
Simulations

In situ measurements
: Sample return missions

Lab Analyses

Simulations



Synthesis of Interstellar Ice Analogs

|
cold finger IR source

3 e sample carrier
o S p

e
vacuum

" WV lamp

Gas-phase

Cosmic rays
bombardment

UV irradiation

4‘_

&

“ Molecular
Photodesorption ' : formation

o

Adsorption




Synthesis of Interstellar Ice Analogs

Gas-phase
bombardment

|
cold finger R source Cosmic rays

- 50 UV irradiation
Y\ % =it} sample carrier .

Sad
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L~2 . < ¥
& R D Molecular
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Prebiotic Chemistry: Miller-Urey Experiments

2. ENERGY INPUT

DISCHARGE

o ) LIGHTNING

&’. PRIMITIVE BETATION

1. GAS ATMOSPHERE
MIXTURE

o&*

3. COOLING &
CONDENSATION

0
0
0

AMINO ACIDS | SUGARS

ﬂ LIPIDS "“cu"'c
BASES
HEATED WATER
@) @ ORGANIC COMPOUNDS OCEAN SIMULATION
FORMED
® .
Q

4. SAMPLING & ANALYSIS

Al generated image




Meteorites
are time
capsules

The Real Deal: Meteorites

PRECURSOR MOLECULES

Ingredients for Organic Synthesis

o

AMINO ACIDS

Buliding Blooks of Proteins

Al generated image
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The record of the origin of the
Earth and of the origin of life,

has been

destroyed

courtesy of..

https://xkcd.com/1194/

geologic processes and biology



Geologists have
a saying —
rocks remember.

43



The Aguas Zarcas Meteorite (CM2)
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The Aguas Zarcas Meteorite (CM2)
Custamls eb \/ ety o | @ Search for "

Cobén

Listed in category: Coliectibles > Rocks, Fossils & Minerals > Meteorites & Tektites M n £l | Add to Watchlist

Guatemala ' Aguas Zarcas meteorite, CM2 type. New fall from Costa Rica - 37g

Antigua .
:,ua[e?na!a ® 1watched in last 24 hours

Shop with confidence

eBay Money Back Guarantee

the dered orget

Condition: New
Learn more

Us $3,60000 Seller information

$150 for 24 months with PayPal meteolovers (179 #)
Credit” Aan 3 100% Positive feedback

Q Save this Seller

Contact seller
Best Offer: Make Offer
See otheritems

@ Add to Watchlist

Longtime member Returns accepted H ot d eal !

Shipping: $15.00 Economy Shipping from outside US | see d=

nternational shipment of items may be subject to customs pr

“Slightly”
o= @4 sample for
o v less than 4k

Earn up to 5x points when you use your eBay Mastercard. Learn
B more

Delivery:

Returns: 14 day returns. Buyer pays for return shipping | see details




Extraterrestrial Samples

Meteorite Recovery Sites

East Antarctica

DOM

'RRAN O U E!

Dg:’s)-:.byz:.‘.;,-s
BOWAS |8

SAN) AAGED,

pr o
Frozen in Time: Hunting Meteorites in Antarctica for Signs of Life
By: D. Glavin & E. Jarrell (2019; ISBN-10 : 1788303075)




Meteorite Classification

Stony Meteorites Stony-Irons
(> 90% falls) (~ 1% falls)

Chondrites Achondrites

(with chondrules) (lack chondrules)

Ordinary Carbonaceous Enstatite
(~ 75% falls) (~ 4% falls) (~ 2% falls) (K and R type)

Cl CR CcVv CK CB
lvuna Renazzo Vigarano Karoonda Bencubbin

More AQUEOUS Petographic Type (Carbonaceous Chondrites) More
Alteration 1 5 - THERMAL

Metamorphism



Murchison (CM Type 2) is Organics Rich

Insoluble Organic Matter (IOM) Abundance

Macromolecular material 70-99% total organic
(C100H70N301252) Carbon

Soluble Organic Matter (SOM) Concentration (ppm)

Carboxylic acids 100-700 _ _
Polar hydrocarbons <120 High resolution

Sulfonic acids 68 [T puclear magnetic
Amino acids (92 named) 70 5 :
resonance and

Dicarboxyimides
Aliphatic hydrocarbons o [od ‘ mass spectrometry =y (B
Polyols e arw\@ analyses suggests l
h |

[wdd] (H,)Q

Dicarboxylic acids
Aromatic hydrocarbons millions of
chemical

!‘1(1,_‘

Hydroxy acids i |
Amines e :f" ' 4 i
Pyridine carboxylic acids " | structures
N-heterocycles

Phosphonic acids
Purines and pyrimidines

After Primitive Meteorites and Asteroid (2018) Glavin et al.,,
pp. 205-271, ed. N. M. Abreu.




Origins of Life on Earth

v Today, 30,000 tons of cosmic dust fall to Earth each year

v" 3.8 billion years ago, this amount was 1000 times larger

A hell of a delivering water and

i

-

organ

ic

G B




Connecting Some Dots in Astrochemistry

Remote
Observatio

In Situ
Measurement

In situ measurements are difficult to
convincingly distinguish
biosignatures






