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Hi, I am José Carlos Aponte

Born in Lima, Perú, but 
grown up in the 
countryside



Went to public schools

Hi, I 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 

Hi, I am José Carlos Aponte



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

Hi, I am José Carlos Aponte, PhD



Hola, soy José Carlos Aponte, PhD

Went to work at Brown 
University

There I learnt about 
astrobiology and 
astrochemistry

In 2012 moved to MD to 
work at NASA Goddard



Here is where I 
work

Where is NASA?



“My” Asteroid

In 2017 asteroid 2005 
EY161 was renamed 
after myself:

117652 
Joséaponte

For my work as 
astrochemist and as 
part of the OSIRIS-REx 
mission.



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

• If one path doesn’t suit you, look for opportunities that really interest you 
to bring out your best

Easy Take-Homes for a Successful Career

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?

AI generated image



Remote Observations & 
Simulations

Approaches to Study Prebiotic Chemistry

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



Spectroscopy for Remote Observations

Atacama Large 
Millimeter/Submillimeter 
Array (ALMA)

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

Copyright: ESA, HEXOS and the HIFI consortium

>100 organic molecules have been identified interstellar locations

James Webb 
Space Telescope



X-Ray

Mid Infrared

Milky Way Galaxy at Ten Wavelength Regions

Radio Continuum (408 
MHz)

Atomic Hydrogen

Radio Continuum (2.4 -
2.7 GHz)

Molecular Hydrogen

Infrared

Near Infrared

Optical

Gamma Ray

https://asd.gsfc.nasa.gov/archive/mwmw/mmw_product.html



Some of the Known Interstellar Molecules

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

About 350 molecules have 
been detected in 

the interstellar medium or 
circumstellar shells



After Sandford (1995) Annals of Improbable Research 1:3.

Remote Observations… Not Always Easy



Remote Observations & 
Simulations

Approaches to Study Prebiotic Chemistry

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

In situ measurements
Sample return missions



ESA’s Rosetta Mission 

Studied Comet 
67P/Churyumov-

Gerasimenko from 
2014 to 2016



• Glycine detections made based on mass and 
fragmentation pattern

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

• Methylamine and ethylamine also detected 
concurrent with glycine 

C2H5NO2

Image: ESA

Altwegg et al.(2016) Sci. Adv. 2, e1600285

ROSINA

Rosetta’s Glycine Detection



PERSEVERANCE 

Ingenuity



Freissinet et al., 2025, PNAS

Geological or 

biological?

30-50 ppb of C10-C12  alkanes

detected by GCMS after heating

mudstone above 500°C…           

Thermal decarboxylation of fatty

acids.

Curiosity Rover Fatty Acids Detection



LAUNCH

July 2028

ARRIVAL

Late 2034

The Future of In Situ Exploration



Sample Return Missions
Astronauts

Robots

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 IV, etc. (in development)

Solar wind
NASA Genesis (returned 2004)

Comet tail 
NASA Stardust (returned 2006)

Stony Asteroid 
JAXA Hayabusa (returned 2010)

CSNA Tianwen-2 (launched 2025)

Carbonaceous Asteroid
JAXA Hayabusa2 (returned 2020)

NASA OSIRIS-REx (returned 2023)

Phobos
JAXA MMX (in development)

Mars
NASA/ESA MSR (cancelled)

CSNA Tianwen-3 (in development)



Apollo Missions

AI generated image



Genesis 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 
desert in September 2004 
due to a deployed 
parachute design error.



Stardust Mission

Comet Wild 2

We detected 
ammonia, 

amines, and 
amino acids.

Elsila et al. 2009Amino acids?

Track



Hayabusa, Hayabusa2, and OSIRIS-REx



Hayabusa, Hayabusa2, and OSIRIS-REx



JAXA’s Hayabusa2 Mission

Asteroid Ryugu
(“Dragon palace”)

~1 km wide (0.62 mi)

Launched in December 2014 
Arrived at Ryugu on June 27, 2018
Hayabusa2 touched down on July 11, 2019



JAXA’s Hayabusa2 Mission

Hayabusa2 touched down 
on July 11, 2019

Landed in the Australian 
Outback on December 6, 
2020

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: 

Volatile components
Organic macromolecules 
Raman characterization
X-ray nanotomography
CNHOS isotopic compositions

&

Soluble organic matter 
(SOM)



Artemis 
Missions

Going back 
to the 

Moon and 
the Future 
of Sample 

Return 
Missions 



Artemis 
Missions

Going back 
to the 

Moon and 
the Future 
of Sample 

Return 
Missions 



Phobos

Martian Moons eXploration (MMX) 
Mission

33

• Launch late 2026 (Tanegashima Space Center, Japan)

• Orbit around Mars in 2027 and map Phobos and Deimos

• Land on Phobos in 2029 and collect ≥10 grams

• Return samples to Earth in 2031 



Phobos

Martian Moons eXploration (MMX) 
Mission

MMX Science Team Meeting at APL 
November 2024

34

• Launch late 2026 (Tanegashima Space Center, Japan)

• Orbit around Mars in 2027 and map Phobos and Deimos

• Land on Phobos in 2029 and collect ≥10 grams

• Return samples to Earth in 2031 

• Science objective: Determine the origin of the martian

moons:  captured asteroids or giant impact on Mars



Can Artemis and MMX missions help us 
on our journey to Mars?



Alexander Hayes (PI, Cornell U.)
Jessica Barnes (Deputy PI, U. Arizona)

Danny Glavin (Project Scientist, GSFC)

Perry Gerakines, Stefanie Milam (DPS, GSFC)

36



Remote Observations & 
Simulations

Lab Analyses

Simulations

Approaches to Study Prebiotic Chemistry

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

In situ measurements
Sample return missions



Synthesis of Interstellar Ice Analogs

Meinert et al. (2011) Physics of Life Reviews 8: 307-330

W. M. Keck Research Laboratory in Astrochemistry, Univ. of Hawaii at Manoa campus d’Hendecourt et al. (2019) arXiv:1902.04575

View under 
microscope 
(x60, white 

light) 



Meinert et al. (2011) Physics of Life Reviews 8: 307-330

d’Hendecourt et al. (2019) arXiv:1902.04575

View under 
microscope 
(x60, white 

light) 

Muñoz Caro et al. (2002) Nature 416: 403-406

Synthesis of Interstellar Ice Analogs



Prebiotic Chemistry: Miller-Urey Experiments 

Stanley Miller (1953)

AI generated image



The Real Deal: Meteorites

NASA Goddard/Dan Gallagher

Meteorites 
are time 
capsules

AI generated image



https://xkcd.com/1194/ 

The record of the origin of the 

Earth and of the origin of life, 

has been 

destroyed

courtesy of…

geologic processes and biology



Geologists have 

a saying –

rocks remember.

43



The Aguas Zarcas Meteorite (CM2)

Mike Farmer 
with Rocky



The Aguas Zarcas Meteorite (CM2)

Mike Farmer 
with Rocky Hot deal!

“Slightly” 

contaminated 

sample for 

less than 4k



Extraterrestrial Samples

Frozen in Time: Hunting Meteorites in Antarctica for Signs of Life

By: D. Glavin & E. Jarrell (2019; ISBN-10 : 1788303075)



Meteorite Classification

Irons
(~ 5% falls)

Stony Meteorites 
(> 90% falls)

Stony-Irons
(~ 1% falls)

Chondrites
(with chondrules)

Achondrites
(lack chondrules)

Carbonaceous
(~ 4% falls)

Ordinary
(~ 75% falls)

Enstatite
(~ 2% falls)

Other
(K and R type)

Petrographic Type (Carbonaceous Chondrites)
More AQUEOUS 

Alteration
More 

THERMAL 
Metamorphism

CI
Ivuna

CM
Mighei

CR
Renazzo

CO
Ornans

CV
Vigarano

CK
Karoonda

CB
Bencubbin

CH
High Iron



Insoluble Organic Matter (IOM) Abundance

Macromolecular material               
(C100H70N3O12S2)

70-99% total organic 
carbon

Soluble Organic Matter (SOM) Concentration (ppm)

Carboxylic acids 100-700
Polar hydrocarbons <120
Sulfonic acids 68
Amino acids (92 named) 70
Dicarboxyimides >50
Aliphatic hydrocarbons >35
Dicarboxylic acids >30
Polyols 30

Aromatic hydrocarbons 15-28

Hydroxy acids 15
Amines 4-20
Pyridine carboxylic acids >7
N-heterocycles 7
Phosphonic acids 2
Purines and pyrimidines 1

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

Murchison (CM Type 2) is Organics Rich

High resolution 

nuclear magnetic 

resonance and 

mass spectrometry 

analyses suggests 

millions of   

chemical 

structures               
(Schmitt-Kopplin et al. 2010 & 

Hertkorn et al. 2015)



A hell of a 

time…

delivering water and organic 

material

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

 3.8 billion years ago, this amount was 1000 times larger

Origins of Life on Earth

Late Heavy Bombardment Early Earth



Astrochemistry Meteorites
Primitive Body 

Sample Return

Biosignatures

In Situ

Measurements

Search for life =  search for biosignatures

Meteorites overlap with prebiotic chemistry 

and biosignatures (and contamination)

In situ measurements are difficult to 

convincingly distinguish 

biosignatures 

Connecting Some Dots in Astrochemistry

Remote 

Observations




