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Chemical Information 

On-Site analysis 



1. No sample preparation 
2. Ionization in open air  
3. Rapid in-situ analysis 

1. Mini fitted with ambient ionization 
2. MS/MS capabilities  
3. Small & large molecules 

 

Ambient Ionization 

Miniature Mass Spectrometer 

In-situ Analysis of Complex Materials 



Miniaturization Mass Spectrometers 



Miniaturization of Ion Trap Mass Spectrometers 



Tandem Mass Spectrometry 

Structural information for enhanced selectivity = reducing false positives 

MS1 Full m/z screen Anything worth 
looking at? 

MS2 

MS3 

Isolate, fragment 
specific m/z 

Isolate and fragment 
the fragment 

Molecular 
confirmation 

Are you really, 
really sure? 

1 to 2 
Seconds 



Instrumentation: Mini/Portable MS for in-situ analysis 

Multiple instrument configurations 

-Wearable backpack w/ sampling head unit  

     11.3 kg (25 lbs) 

-Desktop portable 

     15 kg (33 lbs)  

Power consumption 

-65 W average; 144 W peak 

-1.5 hrs on battery power 

Tablet 

Solvent Pumps 
(if needed) 

Turbo Pump 

Electronics 



Sample 

To Mass 
Analyzer 

Secondary charged  
droplets with analyte 

DESI  [V, pneumatic, solvent] PAPER SPRAY [V, solvent] 

HV 

Solvent Charged droplets 
with analyte 

To Mass 
Analyzer 

Paper 

HV 

LTP [V, gas] 
Grounded  
electrode 

Discharge 
Gas 

LTP 

Sample 

To Mass 
Analyzer 

Nebulizing 
Gas 

HV 

Sample 

Analyte 
 ions 

Ambient Ionization: Ionization of sample in its native state with transfer 

of ions not whole sample into MS     

Four Ambient Ionization Methods 

Touch SPRAY [V, solvent] 

To Mass 
Analyzer 



Desorption Electrospray Ionization 





Explosives mixture analysis: DESI 

Mini 10 (10 scan average; 1 mg total amount, on 1cm2 area) 
  
Nathan Sanders, Sameer Kothari, and Gary Salazar 



Real-Time Microorganism Analysis by DESI 

In vivo recognition of Bacillus subtilis by DESI-MS 

Analyst. 2009, 134, 838-841 

Bacillus subtilis as a biofilm growing on agar nutrient: 

simple, high quality mass spectra dominated in both the 

positive and negative ion modes by signals due to the 

cyclic lipopeptide, Surfactin.   

 (a) E. coli 

(b) P. aeruginosa 

DESI-MS of freshly harvested cells dried on PTFE 

J. Mass Spectrom. 2005, 40, 1261-1275 



Paper Spray: Immediate Point-of-Care Analysis 

kV 

1. Prick Finger 

2. Load Sample 

3. Apply Solution 4. Apply HV 

5. Acquire Data 

0 s 

15 s 

30 s 40 s 

50 s 

60 s 

[M+H]+ 

6. View Results 

Blank 
Zoom X50 

10 ng/mL Zoom X50 

50 ng/mL 100 ng/mL 

500 ng/mL Cocaine 

Ryan D. Espy, Nicholas E. Manicke 



Paper Spray Surface Wiping 

Wipe surface using 
paper

Cut paper into 
triangle

Add solution and high voltage for MS 
analysis

Paper Spray Mass Spectrometry of 50 
ng each RDX, TNT, HMX, and PETN on 
Whatman filter paper with MeOH as a 
spray solvent at -5.0 kV. 

Ryan D. Espy 



LTP Handheld Unit 

JS Wiley, JT Shelley, RG Cooks, Anal. Chem. 2013, 85, 6545−6552  



LTP Analysis of Explosives 

JD Harper et al., Anal. Chem. 2008, 80, 9097–9104 
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Ahmed Hamid, Alan K. Jarmusch, Kevin Kerian 

Touch Spray of Biologicals 



Summary 

Instrumentation 
 

 Miniature/portable mass spectrometers 
• Backpack MS 
• Portable benchtop MS 

 Ambient Ionization 
• Desorption Electrospray Ionization (DESI) 
• Low Temperature Plasma (LTP) 
• Paper Spray (PS) 
• Touch Spray (TS) 

Applications 
 

 In-situ, on-site analysis 
• Explosives 
• Microorganisms 
• Drugs in blood, urine, & other biofluids 
• Fingerprints 
• Cloth, skin, tissue, all surfaces! 

 All varieties of molecules (small vs. large, polar vs. nonpolar) 
 Mini’s not commercially available, but 20 are out for testing 

 No sample preparation 
 Ionization in open air  
 Rapid in-situ analysis 
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