
Introduction 
Ambient ionization techniques, such as DART, DESI, and ASAP, require that the sample be placed within 
several centimeters of the MS inlet, varying slightly by ionization source. These ionization regions are 
restricted in size, requiring that sample be transportable and of the proper proportions. Non-proximate 
detection of ions is a technique that allows analysis of surfaces and materials that are either too large or 
chemically fragile to be moved into the ionization region. This study describes the expanded use of a gas ion 
separator to enable development of system that permits desorption ionization of sample away from the 
mass spectrometer. The success of this method has positive implications for the development of portable 
“hand-held” mass spectrometers and their future applications.  
 

Angle  
A small metal piece with measured angled was constructed to hold the tether at fixed angles in increments of 15 
degrees, relative to the sample.  12 data points were taken for each gas and each ion polarity to judge the signal 
intensity  at 15, 30, 45, 60, and 75 degrees.  No angle  evinced a significant advantage over the others.   

Materials and Length 
A number of materials were tested for signal fidelity and durability including: stainless steel braided gas hose; 
aluminum and steel electrical conduits; PTFE, HDPE, and Superthane® tubing used in the food industry; 
silicone rubber; and Tygon®.  Several materials failed either because they chemically outgassed under the high 
heat temperatures of the DART, were too permeable, causing the formation of large oxidation peaks, or 
exhibited unusual electrical grounding phenomena that disrupted ion transfer.  The stainless steel gas hose 
offered the best combination of low background, strong signal, and no grounding issues.   
Pictured below are spectra showing the positive- and negative-ion spectra of the various materials.   

Experimental  
Two generations of experiments were performed:  
 
1. The first set of experiments was performed as proof-of-concept that the transfer of ions from the DART  

source to the MS could be successfully completed.  Several lengths, materials, and diameters  were 
tested for signal fidelity. These experiments were performed using a Finnigan LCQ (Thermo Fisher, 
Waltham, MA) interfaced to a Gas-Ion Separator (GIST) and a DART ET source (IonSense, Saugus, MA).  
The GIST was attached to a two-stage MZ 2 NT diaphragm pump (Vaccubrand, Wertheim, Germany), 
which was set at a pressure of 450 Torr.  The DART source was operated using both Helium and 
Nitrogen at a flow rate of 2.0lpm; the temperature was varied depending on the compound and 
experiment.  Samples were introduced to the ion stream using a AutoDART autosampler (LEAP 
Technologies, Carrboro, NC).  Quinine, Cholic Acid, and Methyl Paraben were purchased from TCI 
America (Portland, OR).   
 

2. The second set of experiments was performed to further refine the methods employed in actively using 
the tether in homeland security-type operations.  The tether determined to be optimal for these 
activities—stainless steel braid, ¼” diameter, 12” or 24” in length, Swagelok fittings—was attached to a 
Waters TQ triple quadrupole (QqQ) mass spectrometer (Waters, Milford, MA).  A GIST was employed 
and attached to the same MZ 2 NT diaphragm pump.  A DART SVP source with a motorized linear 
positioning system was employed to deliver liquid samples spotted on glass slides.  The tether was fixed 
in a downward-angled position by an electrically insulted, flexible steel arm so as to simulate the 
analysis of a compound off of a flat surface (i.e. floor or table).  Dimethyl methylphosphonate (DMMP) 
and methyl paraben were used as positive-ion and negative-ion analytes, respectively.   
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Samples were spotted on a 
chemically etched glass slide and 
introduced into the ionization 
region at a speed of .5mm/s on a 
motorized linear rail.  The glass 
slide shown is held in a custom 
module designed to enhance 
sample reproducibility.      

Pictured to the left is the stainless 
steel tether set up between the 
DART SVP and the Waters TQ.  
Pictured to the right is the stainless 
steel tether set up between the 
Thermo Finnigan LCQ and the 
DART ET.    
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Negative-ion spectra showing 
backgrounds of various tether materials  

Positive-ion spectra showing 
backgrounds of various tether materials  
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12”, 18”, and 24” stainless steel tethers.  
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Data Points 

Signal Intensity vs. Tether Length in 
Positive-Ion Mode; Sample: 100ng 

Quinine  
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Data Points 

Signal Intensity vs. Tether Length in 
Negative-Ion Mode; Sample: 100ng Methyl 

Paraben 
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Positive-ion transmission held up very well over long distances; however, 
negative-ion signal fidelity fell very quickly with distance.  

Transfer Tube Shape did not have any noticeable effect on 
sensitivity: 

Tube angled 
downward 

Tube angled 
upward 

Tether on the Thermo 
LCQ MS 

Tether on the Waters 
TQ MS 

Left: cross section of the stainless steel tether. The stainless steel gas conduits 
were purchased commercially in various lengths.  To eliminate oil and 
dirt backgrounds from the manufacturing process, the conduits were 
rinsed with methanol and then baked in an oven at 350C for two hours.   
This process is responsible for the discoloration of the steel seen in the 
picture about.   

Chromatograms for DMMP (m/z 125) 
showing comparison of different 
tether angles relative to the sample 
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Conclusions: 
• An efficient ion-transfer tube was constructed from stainless steel gas 

conduit and Swagelok fittings.   
• The stainless steel tether transmitted both negative and positive ions 

over distances between 1’ and 3’ with little loss of signal.   
• The tether was optimized to interface to a DART SVP for the detection 

of unknown compounds off of a surface.   
• The tether is well suited for future applications that require analysis of 

large samples or use of a mobile or miniature mass spectrometer.   
 


