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Introduction:  Life, as we know it, requires water, 

energy, salts, and organic compounds to exist. We re-

port here advancements in instrumentation that are 

motivated by the in situ search for biologically relevant 

organic compounds such as amino acids, which have 

been detected in carbonaceous meteorites (e.g. [1]) and 

cometary dust [2]. Even lunar samples from the Apollo 

missions may have non-terrestrial contributions [3] and 

can inform our understanding of the availability of bio-

logically relevant organic material to early Earth and 

planetary bodies beyond Earth, such as icy worlds in 

the outer solar system.   

Liquid chromatography mass spectrometry (LCMS) 

offers a very sensitive technique that could be used to 

inventory the organic molecules on airless, icy bodies 

in the solar system including Europa and Enceladus, 

the Moon’s South Pole-Aitken basin, and comets. Liq-

uid chromatography provides separation of the differ-

ent organic or ionic molecules based on the particular 

colum used. The mass spectrometer allows for identifi-

cation of the individual analytes as they elute from  the 

chromatography column. LCMS typically takes ad-

vantage of a soft ionization technique, electrospray, 

that transfers the analyte molecule from the liquid to 

the gas phase with little to no fragmentation and with-

out the need for derivatization to enhance volatility.  

OASIS instrument:  The OASIS (Organics Ana-

lyzer for Sampling Icy Surfaces) instrument [4] will 

use LCMS to determine the organics present in a plane-

tary environment. Chromatography has been demon-

strated  on a microchip, and recent efforts have shown 

successfully electrospray from a chemically etched on-

chip spray nozzle. OASIS uses a heated, differentially 

pumped interface to direct ions from the electrospray 

tip into a time-of-flight mass spectrometer operating 

under high vacuum.  The differential pumping design is 

shown schematically in Figure 1.  While a series of 

vacuum pumps is used in laboratory breadboard test-

ing, we intend to exploit the vacuum of an airless body, 

balanced with a high purity gas supply and carefully 

designed pumping orifices, to achieve the desired pres-

sure in each OASIS ion transfer stage. 

The OASIS LC-ESI microchip has been described 

previously [5] and features fluidic channels, two-zone 

temperature control, and electrical connections to ena-

ble heater control and electrospray. . The OASIS chip 

design is compatible with multiplexing of a range of 

column chemistries for broad analytical capability, but 

the focus of our testing to-date has been on the high 

priority compound class of amino acids. 

  

 
Figure 1 Schematic illustrating the 4 stages of the LC micro-

chip-TOFMS interface of OASIS  

 

The interface between the OASIS microchip and 

time-of flight mass spectrometer includes four stages 

(Figure 1): (1) an electrospray stage where sub-ambient 

electrospray generates charged droplets that are trans-

mitted into a heated capillary; (2) a molecular beam 

stage for directing the ions that is based on designs 

used in earlier models of quadrupole ion traps (Finni-

gan LCQ) and has been extensively modeled [6]; (3) an 

ion optics stage for collimating the ion beam, com-

posed of a 5 element electrostatic lens (Kimball Phys-

ics); and (4) a time-of-flight mass spectrometer (TOF-

MS) prototype [7] which houses a multistage-reflectron 

and microchannel plate detector.  
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Figure 2 A mass spectrum of Earth’s atmosphere using a the 

OASIS TOF-MS prototype with electron ionization. 

 

The performance of the TOF-MS [7] has been 

demonstrated using a electron ionization source.  A 

typical mass spectrum is shown in Figure 2.  Mass res-
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olution of m/Δm of 250 was achieved.  These baseline 

data provide confidence that the mass range and resolu-

tion of the TOF-MS will be sufficient for detection of 

amino acids and other small soluble organics via the 

ESI interface. 

Results: The microfluidic spray tip has been cou-

pled to a commercial mass spectrometer and compares 

favorably to a commercial electrospray tip (Figure 3). 

Electrospray testing of the microchip was performed 

using a 90/10 methanol:water solution with 5 mM so-

dium formate and 0.1 mM each of adenine and phenol-

phthalein on a commercial TOF-MS (Waters 

nanoAcquity coupled to Waters LCT Premier). Elec-

trospray was achieved from the OASIS chip, with sig-

nal intensities an order of magnitude lower than elec-

trospray from a commercial electrospray tip(Waters, 20 

micron ID polyimide coated silica).   

Figure 3 A mass spectrum of electrosprayed ionized buffer solu-

tion (5 mM sodium formate with 0.1 mM each of adenine and 

phenolphthalein) produced by the OASIS ESI tip (top) com-

pares favorably to that obtained using a commerical elec-

trospray ionization tip (bottom).  

 

The design and testing of the electrospray interface 

into the miniature custom TOF mass spectrometer has 

been the focus of recent efforts and has used the com-

mercial spray tip for higher sensitivity. Current testing 

efforts have focused on the first three stages of the in-

terface. To date, stable electrospray has been per-

formed under helium, air, and carbon dioxide down to 

250 torr. Achieving electrospray under subambient 

conditions is important for reaching the low pressures 

(less than 1E-5 torr) required for TOF-MS operation. 

 Electrical current indicating successful elec-

trospray and ion transmission has been detected at the 

output of all three stages, and efforts are underway to 

optimize the current transmission efficiency. Optimiza-

tion is done by tuning experimental parameters, such as 

voltages on electrodes in the molecular beam and ion 

optics stages, temperature of the transfer capillary, and 

adjustment of the flow rate within a range compatible 

with chromatography.  

Recent design efforts have been pursued to opti-

mize transmission of ions from the ESI spray tip to the 

ion source of the TOF-MS through the differentially 

pumped stages.  SIMION modeling of the ion optics 

stage and TOF-MS stage has been used to determine 

the optimal voltage for limiting beam spread so that 

ions may exit an aperture at the end of the third stage 

and be focused within the extraction stage of the TOF-

MS.  Results of the modeling are shown in Figure 4, 

where the red features represent ion trajectories origi-

nating from the second stage of the interface assembly 

(left) and focusing to a pencil beam at the extraction 

optics of the TOF-MS (right).  In this view, the ions 

would be ejected vertically into the reflectron of the 

time-of-flight mass analyzer. 

  

 
Figure 4 SIMION model of ion trajectories from stage 3 into the 

TOFMS 

  

Conclusions:  Recent demonstration of key OASIS 

components has been achieved, including the ESI spray 

tip under sub-ambient vacuum conditions and the dif-

ferential pumping interface to the TOF-MS,  that will 

lead to characterization of the integrated instrument in 

future work.   
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