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SOLAR SYSTEM DESTINATIONS...
THAT ARE JUST BEGGING TO BE ANALYZED!
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ENCELADUS & TITAN
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EUROPA
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COMETS

(E.G., 67P CHURYUMOV-GERASIMENKO)
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WHAT DO THESE BODIES HAVE IN COMMON?
VOLATILES, INCLUDING WATER!

Inner Solar System — Jupiter Europa, Callisto, and Ganymede

Water d: id

Titania and Oberon
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WHY MASS SPECTROMETRY FOR
PLANETARY MISSIONS?

o ‘Universal’ Detector

o Comprehensive Sample Analysis: compatible with
various front-end analytical techniques

o Flexible to mission architecture: flybys, orbiters,
landers, rovers
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DUAL POLARITY [ON MODE:
INORGANIC COMPOSITION

SEDIMENTARY AND AQUEOUSLY ALTERED MINERALS
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COMPLEMENTARY POSITIVE AND NEGATIVE [ON DETECTION:
DETECTING ORGANICS ACROSS CLASSES
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BUT IN REALITY WE COULD GET A SPECTRUM LIKE...

Murchison, LDMS
UV 266nm
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TANDEM TWO-STEP LASER MASS SPECTROMETER
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L2MS PROTOTYPE:
FEATURES AND OPERATING PRINCIPLES
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2-10 mJ/pulse(0.2-1 mJ/mm?)
A 933 eV

Resonance Enhanced Multiphoton lonization
y Selective ionization:
4.67 eV A. molecules ionization energy is lower than the
two-photon energy

gg B. intermediate state can be pumped by one-
H .
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MOTIVATION FOR L2MS:
MOLECULAR SPECIFICITY

Hahn et al. 1998

Mass (daltons)
300 100

o L2MShas beenan
informative technique used
in the analysis of
extraterrestrial materials,
such as meteorites and
Stardust samples

o Theionization laser can be
chosento be selective to a
subset of organic species,
such as polycyclicaromatic
hydrocarbons

o Comparisonbetweenthe
single-laser baseline and
L2MS spectra can allow
separation of aromatic Alende
contributions :
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L2MS PROTOTYPE: lonization

OPERATING PRINCIPLE Pulse
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L2MS PROTOTYPE:
LABORATORY EXPERIMENT

IR Laser: UV Laser:

* 1064 nm Nd:YAG * 266 nm harmonic Nd:YAG

e 2.7to3.1um tunable OPO 4-7 ns pulse width

* 10umCO2 focused to 50-100 um spot
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L2MS PROTOTYPE:
SELECTIVITY TO AROMATICS

(a) IR Energy Threshold ] (b) UV Energy Threshoid
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L2MS PROTOTYPE:
SELECTIVITY TO AROMATICS
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L2MS PROTOTYPE:

SENSITIVITY TO PREBIOTIC SPECIES

IN THE PRESENCE OF A MINERAL MATRIX
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L2MS — SELECTIVITY IN |IONIZATION STEP
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L2MS — SELECTIVITY IN DESORPTION STEP

Murchison
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L2MS PROTOTYPE:

IR TUNABILITY CAN EXPLOIT RESONANCES

FOR HIGH SENSITIVITY
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L2MS PROTOTYPE:
FEATURES AND OPERATING PRINCIPLES

Precision lon Gating
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L2MS PROTOTYPE:
PRECISION ION GATING AND TANDEM MS

Structural determination using MS/MS techniques
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L2MS PROTOTYPE:
FEATURES AND OPERATING PRINCIPLES

Neutral Plume ( Laser Pulse

lons.

Fragment Analysis
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L2MS PROTOTYPE:
LASER-ASSISTED COLLISION-INDUCED DISSOCIATION

FORPSEUDO-TANDEM MASS SPECTROMETRY
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L2MS INSTRUMENT DESIGN:

5 KG-CLASS IN SITU ANALYZER

Subsystem Mass/g
o d 1. TOF-MS 700
1.1 Mass Analyzer 330
1.2 Housing 370
2. Laser 1693
:::t:’r:?no Acids "’ 3. Optical 380
4. Electronics 1826
4.1 Comm/Data 201
4.2 Power Supply 585
Nucleobases Aromatic Hdrocarbons 4.3 Pulsed HV 440
4.4 Detector 260
4.5 Harness 250
SUBTOTAL (airlessbody) 4599

5. Turbo Pump* 550
5.1 Pump, 200 krpm 200
5.2 Controller 350

TOTAL
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HIGH SENSITIVITY MODE

Cytochrome C: 12,384 Da
(with MALDI matrix)
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