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Introduction:  The Planetary Organics Detector 

(POD) is an instrument system with tandem mass 

spectrometers (MS/MS) and a cryogenic-capable sam-

ple handling system for the analysis of gas, liquid, and 

solid samples. Solid samples and aerosols are sampled 

via a soft ionization source. This system will leapfrog 

current capabilities and is intended to be the highest 

performing mass spectrometer system available for 

spaceflight applications. The use of a rectilinear ion 

trap (RIT) mass spectrometer coupled to an Orbitrap™ 

Mass Spectrometer enables ultra-high resolution 

measurements (m/Δm > 50,000 for 50-200 Da) over a 

wide mass range (12-800 Da) (Figure 1). Importantly, 

the concomitant use of high resolution and of MS/MS 

enables the POD to distinguish structural isomers and 

isobars, i.e. molecules that have the same nominal 
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Figure 1: Flow diagram of POD. Resolution of 50,000 m/∆m allows discrimination of species with the same nominal mass. 
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mass. These capabilities are not only key for environ-

ments with an abundance of organics such as Titan, 

but also for those with chemical inventories like En-

celadus and comets, where distinguishing between 

compounds such as N2, CO, and C2H4 (all nominal 

mass 28) [1], for example, is critical.  

The POD concept originated from the Keck Insti-

tute for Space Studies (KISS) “Futur  Missions to Ti-

tan: Sci nc  an  Engin  ring  hall ng s” Stu y [2]. 

Its development (to ~ TRL 3) was funded by a KISS 

grant and JPL internal research and technology funds 

to: (1) advance the liquid and solid cryogenic sample 

handling sub-system, (2) develop a mini-DART (Di-

rect Analysis in Real Time) ion source for solid sample 

analysis, and (3) demonstrate the digital ion trap drive 

to operate the RIT [3]. We are in the process of devel-

oping these subsystems and maturing the interfaces 

between them as well as interfacing the RIT to an Or-

bitrap Mass Spectrometer, whose development is 

funded by the Centre National d'Etudes Spatiales 

(CNES) and developed concurrently in France by a 

consortium of five laboratories, in direct collaboration 

with Dr. A. Makarov (Thermo Fisher Scientific) [4]. 

The resulting MS/MS instrument with a mass resolv-

ing power of >50,000 m/Δm FWHM (50-200 Da), will 

be capable of handling and ionizing multiple sample 

types, and of identifying organics, including structural 

isomers, in the range of m/z 12 to 800. 

Instrument Description:  The POD instrument 

system (Figure 2) comprises the following subsystems: 

1. Sample Handling Subsystem – cryogenic fluidic 

sample acquisition, sample manifold with minia-

ture cryovalves [5, 6], miniature Direct Analysis 

in Real Time (mini-DART) to desorb and ionize 

solids, and Solid Phase Extractor (SPE) to pre-

concentrate liquid samples.  

2. Rectilinear Ion Trap (RIT) Mass Spectrometer– 

equipped with Atmospheric Pressure Ionization 

(API) inlet source and the capability for in-trap 

electron impact (EI) ionization of vapors, mass 

spectrometer with charged particle detector, and 

digital drive electronics.  

3. Orbitrap Mass Analyzer – under development by 

the French Orbitrap Consortium.  

4. POD Integration Subsystems – RIT-Orbitrap con-

trol electronics and integrated vacuum system. 

The Orbitrap subsystem is based on a patented 

commercial instrument, which has recently achieved in 

the laboratory [7, 8] a mass resolution of 

m/∆m~1,000,000 at m/z of 400 Da and obtains a com-

plete mass spectrum in less than 1 second. The labora-

tory prototype developed by the French Orbitrap Con-

sortium to produce a robust flight instrument is cur-

r ntly abl  to r ach m/∆m = 360,000 at m/z for 12C, 

an  m/∆m = 105,000 for adenine [9]. High-resolution 

mass spectrometry (HRMS) allows resolution of iso-

bars by measuring the precise mass of the ions, which 

is related to the sum of the nuclear mass defect of the 

constituent atoms. Exact mass must be resolved to bet-

ter than 0.01Da. Hence, the increase of the mass re-

solving power gives access to degrees of chemical 

information [10]: 

1. m/Δm < 500 allows s paration of p aks of  iff r-

ent nominal mass (e.g., 325 Da versus 326 Da).  

2. 3,000 < m/Δm < 10,000 allows s paration of 

peaks for nominally isobaric species (N2 / CO at 

28 Da) but only for species below m/z 50 (i.e. 

major constituents in the solar system that can be 

accessed by other spectroscopic methods).  

3. 10,000 < m/Δm < 100,000 provi  s s paration of 

isobaric species up to 800 Da (i.e. it allows une-

quivocal identification of the molecular formula). 
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Figure 1-3. POD TRL 6 instrument concept (14.5 kg, 44.5 cm x 40.0 cm x 33.0 cm). The miniature direct 

analysis in real time (mini-DART) assembly and the liquid sample handling (SPE, cryogenic valve manifold) 

subsystem are mission-specific. Colors denote contributors. U MICH, University of Michigan; U WISC; University 

of Wisconsin; CNRS, Centre National de la Recherche Scientifique (collaborators in France). 
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gi neering  Ch a llenges”  St u dy.  It s  de vel opment (to ~ TRL 3) was funded by 
a KISS grant and JPL internal research and technology funds, which focused on the following: 
(1) advance liquid and solid cryogenic sample handling, (2) develop a mini-DART (Direct 
Analysis in Real Time) ion source for solid sample analysis, and (3) demonstrate the digital ion 
trap drive to operate the RIT. We will complete development of these subsystems and mature the 
interfaces between them. We will also interface the RIT with the Orbitrap, which is funded by 
the Centre National d'Etudes Spatiales (CNES) and developed concurrently in France by a team 
of Centre National de la Recherche Scientifique (CNRS) laboratories. The resulting MS/MS 
instrument will have a mass resolving power of 50,000 m/Δm, handle multiple sample types, and 
identify organics, including structural isomers, from m/z 12 to 800. 

In preparation for response to a planetary mission Announcement of Opportunity or Request 
for Proposals, the proposed investigations will retire several major technology risks including:  

Risk 1 – Sampling technology: the DART interface, development of cryogenic components, 
thermal modeling for future system testing, and SPE integration. We will leverage 
previous KISS and RTD efforts, as well as new collaborations, to mature and miniaturize 
the sample handling subsystem. 

Risk 2 – Mechanical and electronic interfaces between the sampling technology, RIT and 
Orbitrap subsystems. 

Risk 3 – The digital electronics drive for the RIT mass spectrometer. We will develop the 
digital ion trap (DIT) drive, a square-wave RF method of ion manipulation that provides 
the flexibility of analyzing ions directly with the RIT or injecting them into the Orbitrap. 

Risk 4 – The vacuum system used by multiple subsystems. We will advance a four-stage 
flight configuration with low mass and low power pumps capable of reaching 10

-9
 torr for 

effective operation of the Orbitrap mass spectrometer in Titan ambient conditions, the 
most extreme case for POD. 

Titan and Enceladus scientific and measurement goals and objectives for the Planetary 
Organics Detector (Figure 1-3) are provided in several recent Science Traceability Matrices 
(STMs) (e.g., the Titan Saturn System Mission and the Titan Lander study performed for the 
Decadal Survey). These STMs were based on the mass spectrometers and gas chromatography 
systems available at the time. POD meets or exceeds the resolution requirements in these STMs, 

Figure 2: POD TRL 6 instrument concept (14.5 kg, 
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analysis in real time (mini-DART) assembly and the 

liquid sample handling (SPE, cryogenic valve 

 
Figure 2: POD TRL 6 instrument concept (14.5 kg, 44.5 cm x 40.0 cm x 33.0 cm). The miniature direct analysis in real time (mini-DART) 
assembly and the liquid sample handling (SPE, cryogenic valve manifold) subsystem are mission-specific. Colors denote contributors.  



Applications: Titan and Enceladus scientific and-

measurement goals and objectives relevant to POD are 

provided in several recent Science Traceability Matri-

ces (STMs) e.g., TandEM: Titan and Enceladus mis-

sion  the Joint NASA/ESA Titan Saturn System Mis-

sion as well as the NASA Titan Lander study, per-

formed for the Decadal Survey.  These STMs were 

based on the mass spectrometers and gas chromatog-

raphy systems available at the time. POD meets or 

exceeds the resolution requirements in these STMs, 

enabling more definitive identification of the organic 

species. In addition, POD is designed to be used in 

MS/MS mode, one of the most powerful tools availa-

ble in mass spectrometry.  

From a sample, the first mass analyzer (RIT) gen-

erates a spectrum of ions and detects them with an 

electron multiplier detector. An ion of interest is iso-

lated and selectively interacts with an inert gas (N2), 

which fragments the ion by collision-induced dissocia-

tion (CID). The second mass analyzer (Orbitrap) de-

tects the resulting ions and the fragmentation pattern 

from MS/MS can be used to elucidate the structure of 

a variety of small- to medium-sized molecules, such as 

amino acids [11], peptides, carbohydrates, lipids, fatty 

acids, oligonucleotides, and even DNA/RNA adducts. 

Using MS/MS, POD will more readily identify the 

type and distribution of all the species found on plane-

tary surfaces or atmospheres. Of particular interest for 

Titan, POD can identify the structures of oxygenated 

species, which is necessary to detect evidence of (1) 

prebiotic chemistry, (2) chemical interaction of aero-

sols with the (water ice) surface, and/or (3) cryovol-

canism. With the addition of a noble gas enrichment 

cell, POD could also measure noble gases and isotopes 

to constrain th   volution of Titan’s interior. 

Summary: POD has many advantages over exist-

ing instrumentation. In addition to the high mass reso-

lution capability, the sample handling system enables 

analysis of multiple sample types while minimizing the 

number of valves. The use of MS/MS technology ob-

viates the need for a complex chromatography system 

that can clog with repeated ingestion of organics that 

are likely found on Titan [12]. By reducing heating of 

the sample through Direct Analysis in Real Time 

(DART), vital chemical and structural information is 

preserved. The sample handling subsystem of POD 

can also provide liquids to other instruments. We also 

note that POD’s vacuum subsystem will be versatile, 

able to operate over a wide pressure regime (from 

space vacuum to 1.5 bar) that would be advantageous 

for other in situ or orbital applications requiring low 

op rating pr ssur  (≤10-9 torr). 
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