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with Ambient Ionization

Christopher John Pulliam 
HEMS 2013

Purpose 

Provide awareness concerning the amount and 
variety of chemicals we are exposed to in our 
homes

Demonstrate the applicability of portable mass 
spectrometry to everyday life
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Background

 Most household chemicals are rendered 
safe by various regulatory agencies, 
nevertheless some are known to have 
deleterious effect to humans and 
animals
 Pesticides

 Herbicides
 Children and dogs are at higher risk of 

responding negatively to household 
chemicals
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Environmental protection agency, Dept. of Health, Federal Emergency Management Agency

Background Cont’d4

EPA: 1994 

“Dogs Absorb Lawn Chemicals” Deborah 
Knapp, DVM Purdue University (2013)

2,4-dichlorophenoxyacetic acid 
(2,4-D)
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Goal5

In situ analysis of household chemicals & 
agrochemicals

Analyze household chemicals using miniature mass 
spectrometry

Demonstrate the use of ambient ionization techniques 
in the analysis of common household chemicals

Household Chemicals Analyzed
Glass cleaner Bug spray….

Orange bathroom cleaner Cinnamon candle

Orange floor cleaner Citronella candle

Toilet cleaner Pet repellant*

Lemon furniture polish Bacteriocide*

Disinfecting wipes Cinnamon air freshener

Skin analgesic Unscented candle

Detergent Vanilla air freshener

Pesticides* Cinnamon air freshener

Herbicides** Unscented candle
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Ambient Ionization7

Badu-Tawiah, A. K., et al. (2013). "Chemical Aspects of the Extractive Methods of Ambient Ionization Mass Spectrometry." Annual Review of Physical 
Chemistry 64(1): 481-505.

Mini Mass spectrometry8

Mini RIT Pump Speed Weight

Rough Pump (Diaphragm) 5 Liters min-1 1kg (2.3Lbs)

Turbo Pump 10 Liters sec-1 .5kg (1.1Lbs)

LQIT Pump Speed Weight

Rough Pump (Rotary vain) 
x2

650 Liters min-1 43kg (96Lbs)

Turbo Pump 25 Liters sec-1

300 Liters sec-1

400 Liters sec-1

19kg (42Lbs)
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Low Temperature Plasma9

APCI mechanisms include:
Proton Transfer: (H2O)nH+ + M → MH+ + (H2O)n
Charge Transfer:  O2

-• + M  M-• + O2
Adduct Formation: NO3

- + M  M-NO3
-

OUT! Pet Repellant[LTP-miniMS] 10

M+H+

2M+H+ ?*

M+H2O+H+

2-Undecanone MW:170

189 Da

171 Da

341 Da

448 Da

Vanilla Glade [LTP-miniMS]11

Vanillin 152g/mol

Handheld LTP12

Handheld LTP Large-scale 
LTP

Frequency, 
kHz

100 2.5

voltage, kV ~2 5-15

Gas flow, 
mL/min

<100 ~400

Wiley, J. S., et al. (2013). "Handheld Low-Temperature Plasma Probe for Portable “Point-and-Shoot” Ambient Ionization Mass Spectrometry." Analytical 
Chemistry 85(14): 6545-6552.
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Paper Spray13

Actual Image

Espy, R. D., et al. (2012). "Spray mechanism in paper spray ionization." International Journal of Mass Spectrometry 325–327(0): 167-171.

Instrumentation: Phase Doppler 
Anemometer
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Photo taken by Ariel Muliadi

• Dantec Dynamics Phase Doppler Particle Anemometer
• Dual-laser

• 633 nm HeNe/ 532 nm Nd:YAG
• 3 Photomultiplier-tube detector @ 30° scattering angle
• Droplet & velocity measurements at 1000 to 7000 Hz

PDA Results15
Mode 1: multimodal, flow rate 
not equal among all jets

Mode 2: occurs after severe 
solvent depletion. Corona 
discharge thought in field 
enhanced region at tip of 
paper
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17 18
[                  ]Citrus Magic [PS-Mini MS]

Mixture of Terpene
aggregates

Leaf Spray analysis19

Courtesy of: Pu Wei and Jiang Jiang Liu
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Analysis of WT grass using 
“leaf spray” 48 hours after 
lawn care application on 
Thermo LTQ

MW: 219.97g/mol
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Conclusion

 Able to ionize a myriad of household chemicals using ambient 
techniques

 The miniature mass spectrometer has the sensitivity to analyze and 
detect the ingredients in the household chemicals

Future
 Repeat in situ analysis of agrochemicals using commercial 

pesticides
 Perform In situ analysis of household chemicals

21 22

23 Figures of merit of MiniMS24
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Time trace of MS25 26

http://www.ara.bme.hu/oktatas/tantargy/NEPTUN/BMEGEATMW03/2009-2010-2/FloMeas_pres_5.pdf


