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Introduction: Developing and demonstrating a 

wet chemistry preparation system that allows operation 
at Martian pressures and temperatures will make poss-
ible a complete wet chemistry laboratory as part of 
future missions. We have begun the development and 
testing of an Automated Sample Processing System 
(ASPS) that receives fines, extracts organics through 
solvent extraction, processes the extract by removing 
non-organic soluble species and delivers sample to 
multiple instruments for analysis (including the non-
organic species). Future complex landed missions that 
will include chemistry and biological processing as-
sume some kid of wet chemistry as the heart of the 
analytical laboratory and this instrument will help re-
duce the overall spacecraft mass [1].  

When each instrument is designed with its own 
processing unit, many of the same functions are dupli-
cated and more mass is required than if duplicate func-
tions are consolidated. A centralized processing station 
that provides several instruments with the type of sam-
ple that they require will result in analytical instru-
ments being developed that have lower mass as a 
group than they would have individually (i.e. the 
whole suite would weigh less than the sum of the indi-
vidual independent instruments). In terrestrial labora-
tories there is no universal method to process samples 
(especially organic molecules). However, there are 
overlaps in individual processing steps and developing 
technology that has the flexibility to be used with mul-
tiple instruments will help enable multiple payloads.  

Organic Extraction: Laboratory investigations of 
organic material present in rock and soil samples col-
lected from terrestrial environments inevitably include 
some form of solvent extraction. Solvent extraction 
has the following advantages over other techniques: 
a) Solvent extraction leaves organics intact (i.e. no 

fragmentation) which is crucial when attempting to 
determine the difference between biotic and abiotic 
organic material by avoiding degradation of heat-
sensitive functional groups 

b) Quantitative results tend to be more reproducible 
and less dependent on the matrix material of the bulk 
field sample as is the case with pyrolysis  

c) Lower limits-of-detection of organics are possible 
through the concentrating of samples in solution by 
concentrating solvent before analysis. 

d) Direct interface into conventional instruments is 
easily achievable, which is in contrast to alternative 

techniques such as supercritical fluid extractions 
with CO2. 

We are developing a system which can take in a 
sample, added solvent, heat and transfer the sample to 
multiple different instruments for analysis. The beak-
ers can be seen in Figure 1 and the Capping mechan-
isms can be seen in Figure 2.   

The cap and sample cell pair is designed to be fully 
compatible with both rigid-polymer O-ring seal mate-
rials, such as Teflon, or elastomeric compounds, such 
as Kalrez. Custom, 20-watt, clamp-on mica heaters 
with embedded thermistors mimic a flight-like device 
and allow for heating of the cell to 200⁰C.  

Sample Processing: In most analytical investiga-
tions, there is a need to purify complex field samples 
to minimize interferences for the unique detection of 
analytes. It is especially true for techniques such as 
ESI/MS, CE, MALDI and Biological Assays where 
unique identification requires at least de-salting of 
mixtures [2-8].  

We designed a portable system that can automate 
the desalting process. It was developed to simulate the 
hand desalting process which is time consuming [2]. A 
schematic of the system can be seen in Figure 3. To 
prime the resin, 2-3 bed volumes of 2N NaOH and is 
introduced onto the resin columns followed by 2N HCl 
(e.g., 3 × 1 mL each) and then the resin was washed 
with ~5 mL deionized water until the pH was near 
neutral. Samples are then introduced onto the resin 
bed. After the sample was drained, oxalic acid (0.1 M, 
3 × 1 mL, pH 1.6-1.8, adjusted with NH4OH), is intro-
duced as chelating reagent to bring out metal ions that 
would otherwise interfere with amino acid analysis, 
such as calcium and iron. Our laboratory test result 
indicates that oxalic acid use in this sample cleanup 
process improved the ion current generated by electro-
spray ionization by 20%, as compared to the very same 
process without using oxalic acid.  After oxalic acid 
treatment, 2 × 1 mL 0.01 N HCl and 2 × 1 mL deio-
nized water were used to sequentially rinse the resin.  
Finally, the amino acids were eluted using 2.5 M 
NH4OH (5 × 1 mL), and collected in a test tube. 

Results: We will present the results from testing 
many aspects of the ASPS including capping mechan-
isms the results of desalting samples, and other aspects 
of sample handling and processing which can be diffi-
cult to perform in situ. In addition, we will discuss 
physical characteristics of an in situ instrument would 
have on a robotic platform. At the end of this three 
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year development we will have a field portable system 
that is light weight, rugged and fully automated that 
can be used in field experiments here on the Earth.  
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Fig 3. conceptual layout of the de-salting 
processing unit. This system is capable of ion 
exchange desalting using a cation exchange 
resin. Please see De-Ling et al. 2007, for a 
description of desalting protocols which are 
currently undergoing revisions.  

Fig 2. Photograph of ASPS capping subsystem test ar-
ticle with plunger mechanism in the fully-retracted, 
“ready” state. (Front View). 

Fig 1. (left) Cross-sectional view of the ASPS modified, removable clip-on style cap sample cell assembly. Pho-
tographs of the assembled (center) and disassembled (right) ASPS modified, removable clip-on style cap sample 
cell assembly. 
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