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Atmospheric Pressure Photoionization

electrical discharge in Krypton producing photons

e- + Kr → Kr+ + 2e- 
Kr+ + e- → Kr*
Kr* → Kr + h𝑣

Commercial Photoionization Ion Source



Atmospheric Pressure Photoionization
Mechanisms

Primary APPI (M+)
h𝑣 + Analyte → Analyte+ + e-                                                                  

Secondary APPI (M+H+)
h𝑣 + Analyte → Analyte+ + e-

Analyte+ + Solvent → AnalyteH+ + Solvent(-H)

h𝑣 + Solvent → Solvent+ + e- 

Solvent+ + Analyte → AnalyteH+ + Solvent(-H)



Atmospheric Pressure Photoionization
Overview

Ions formed cold (excess energy in the departing electron)
        stable molecular ion

True ionization technique (ESI is merely “ion atomization”)

Not as matrix dependent as other techniques like APCI

With solvent: [M+H]+
without solvents mostly M+

Mechanisms are debated
Photo Induced Chemical Ionization (PICI)



Atmospheric Pressure Photoionization
General workflow
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Other Ionization Techniques
Direct Introduction Methods

APPI -  Atmospheric Pressure Photoionization
Electrical discharge in Kr 

DART - Direct Analysis in Real Time
Electrical discharge in He

LTP - Low Temperature Discharge
Dielectric barrier discharge in air

GD - Glow discharge
Electrical discharge in He

all have poorly defined mechanisms
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Atmospheric Pressure Photoionization
Thesis investigation

Is photoionization unique to krypton discharge?

Can vapours of various compounds be photoionized and reveal molecular 
weight and structure?



Lightning Ion Source



Lightning Ion Source
Question

Is photoionization unique to krypton discharge?



Lightning Ion Source
Design



Lightning Ion Source
Results - emission lines
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Lightning Ion Source
Results - calibration curve
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Lightning Ion Source
Results - Pyrene

Krypton Lamp Lightning Ion Source

m/z: 202.25

100 200 300
m/z

0

2E 7 

In
te

ns
ity

0

1E 7 

100 200 300
m/z



Lightning Ion Source
Conclusions

inexpensive ion source

variety of gases can photoionize

Future Study

refine LIS design (electrode orientation)



Vapour Introduction



Thermally Assisted Vapour Introduction
Challenge

Synthetic, specifically inorganic, chemists needed quick confirmation of 
synthesis

Some compounds insoluble usual solvents

Noticed target compounds had aromaticity



Thermally Assisted Vapour Introduction
Other available techniques

MALDI: Matrix Assisted Laser Desorption Ionization
high background, adducts, not well defined

ESI: Electrospray Ionization
ions in solution

EI: Electron Impact
high energy leads to fragmentation, inefficient source

CI: Chemical Ionization



Thermally Assisted Vapour Introduction
Previous uses of Mass Spectra

Some recently reported apparatus

Samples Dissolved in DCM
ESI MS McIndoe (U. Vic)

MALDI- TOF
Fogg (U of O.)



Thermally Assisted Vapour Introduction
Solventless Photoionization Mass Spectrometry



Thermally Assisted Vapour Introduction
Hardware design Challenges



Thermally Assisted Vapour Introduction
Hardware design
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Thermally Assisted Vapour Introduction
Ferrocene Fe(C5H5)2
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Thermally Assisted Vapour Introduction
MS/MS of Ferrocene Fe(C5H5)2 186.04 g/mol
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Thermally Assisted Vapour Introduction
Cr(acac)3

m/z: 349.32



Thermally Assisted Vapour Introduction
MS/MS of Cr(acac)3
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Thermally Assisted Vapour Introduction
LG 113 C19H13F2N3O2
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Thermally Assisted Vapour Introduction
LG 113 353.22 C19H13F2N3O2
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Thermally Assisted Vapour Introduction
LG 113 353.22 C19H13F2N3O2
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Thermally Assisted Vapour Introduction
LG 159 316.35 C20H16N2O2
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Thermally Assisted Vapour Introduction
LG 159 316.35 C20H16N2O2
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Thermally Assisted Vapour Introduction
Conclusions

Rapid, analysis able to characterize synthetic compounds

Easy to use on existing APPI instruments

Inexpensive

Future Study

Control chaotic flows in source

Air sensitive compounds



Lightning Ion Source & Vapour Introduction
Summary

Vapour IntroductionLightning Ion Source
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Atmospheric Pressure Photoionization
General workflow
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Atmospheric Pressure Photoionization
CID
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Lightning Ion Source
Results - Progesterone
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