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Background: 

• The ionization mechanisms prevailing in 
negative ion atmospheric pressure mass 
spectrometry are not yet fully unraveled 

• Determination of the influence of different 
reagent ions on the ionization mechanism 
and analyte ion product distribution is 
necessary 

• Different ionization methods, e.g., APPI, 
APCI, DART or electron generation via the 
photoelectric effect (APECI) appear to exhibit 
largely identical ionization mechanisms 
following reagent ion generation [11] 

• Ionization methods such as APPI or APECI 
produce large amounts of ozone when 
oxygen is present in the irradiated ion source 
region 

• Small molecules, which are ubiquitous in 
atmospheric pressure ion sources (e.g., CO2) 
or generated during the ionization process 
(e.g., O3 or NO3) may influence the ionization 
process 

• Rate constants of reactions regarding these 
molecules and their ions are well known 
from e.g. atmospheric chemistry 

• The reaction time, i.e., the dwell time in the 
collision dominated regions of the sampling 
stages of the mass spectrometer seems to be 
a crucial factor determining the primary ion 
distribution 

 

Approach:  
• Using APPI and APECI with different transfer 

times 

• Kinetic simulations are used to reproduce 
the experimental results  

• The applied reaction scheme includes 152 
reactions. The rate constants are taken from 
[1-8] 

Experimental Setup 
 

MS:  Esquire 6000 QIT, Bruker Daltonic 

APPI: Kr-RF-VUV lamp, λ=124 nm 

APECI:  Low pressure mercury lamp (PenRay) 
  λ=185 nm, anodized aluminum as  
  photoemissive material 

APLI: CryLas FQSS 266-50 Nd:YAG; λ= 266 nm 

Ion Sources: Custom-built capillary ion sources with 
  approx. 400 µs or 1 s photolysis  
  transfer time 

Ozone Detector: Environment S.A. O3 42 Module 

Kinetic analysis: Chemked reaction kinetics solver,  
 Version 3.3 
 
 
 
 

Kinetic Simulations of the Reactant Ion Population 

On the ionization mechanism in atmospheric pressure negative 
ion mass spectrometry –  the role of ozone and CO2 –  

Short Photolysis and Reaction Time  

Longer Photolysis and Reaction Time (1ppmV ozone) 

Using APECI, photolysis takes place during 400 µs at 185 nm, resulting in 270 pptV ozone. 
With the VUV (APPI) lamp 1.8 ppbV ozone are produced. 

Synthetic Air  
 

Right: The mass spectrum 
of APECI in ambient air 
with a reaction time of 

approx. 1 ms reproduces 
the kinetic simulation. 

 
 
 

The same short photolysis time, but increased CO2 and NO2 mixing ratios, lead to a more diverse reactant ion population   

An ionization method neither producing ozone nor NOx 
through photolysis is dopant assisted atmospheric pressure 
laser ionization. Thus exclusively superoxide water clusters 
are generated as reactant ions, even in ambient air. 

Ion Source  
Ionization takes place in an 
ion source integrated into 
an inlet capillary. A UV- or 
VUV-lamp mounted on top 
of the ion source provides 
the light for photoelectron 
generation (APECI) or for 
single photon generation 
(APPI). A flute milled inside 
the metal leads to an 
identical gas flow as 
compared to standard 
capillaries. The 
photoemissive material is 
anodized aluminum. 

Short Photolysis and Reaction Time 

Quartz/LiF window 

Analyte gas stream 

Anodized aluminum 
as photoemissive 

material Housing 

Simulation Parameters 
   Start Concentrations             Possible Reactant Ions 
 
 
 
 
 
 
 
 
 
 
 
 

Concentrations 
Synth. Air     S. Air + CO2    Ambient Air 

N2 80 % 80 % 79 % 

O2 20 % 20 % 20 % 
H2O 100 ppmV 100 ppmV 1 % 
NO 0.1 ppbV 0.1 ppbV 5 ppbV 
NO2 0.1 ppbV 0.1 ppbV 50 ppbV 
HNO3 10 pptV 10 pptV 10 pptV 
CO2 0.1 ppmV 0.3 % 0.04 % 
electrons 100 pptV 100 pptV 100 pptV 
O3 Determined by photolysis time and 

measurements; concentrations given above 
Photolysis time: approx. 400 µs; Transfer time:  approx. 1  ms     
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DA-APLI 

Synthetic Air + 0.3 % CO2  

Right: Increasing the carbon 
dioxide concentration leads to a 
shift of the ion population from 

superoxide to CO4
–. 

The mass spectrum recorded with 
APECI shows CO3

 – as most 
abundant ion, probably due to 
missing reactions in the kinetic 
reaction scheme regarding the 

COx
– - conversion reactions. 

Left: With lower ozone mixing 
ratio, [NO2(H2O)]– is the only 
reactant ion after 10 ms. After 
the transfer time (1 ms) 
equilibrium is not reached in 
the cAPECI ion source, thus 
superoxide water clusters and 
CO4

– are present as reactant 
ions. 
 
 
 

Left: In the APPI mass spectrum 
of ambient air with a reaction 
time of approx. 1 s COx

–  (water 
clusters) are observed. 
Superoxide water clusters are 
observed instead of NOx

– , 
indicating a lower NO2 mixing 
ratio during the measurement 
as compared to the simulation 
result. 

Above: In synthetic air, both ionization 
methods yield essentially similar 

reactant ion populations:  
Only O2

- and [O2(H2O)n]– reagent ions are 
observed after 1 ms transfer time. 

Equilibrium is reached after 50 ms; in 
this case [CO3(H2O)]– is the only reactant 

ion present.  

Above: A longer photolysis time results in higher ozone mixing ratio. An ozone 
mixing ratio of 1 ppmV corresponds to a photolysis time of approx. 1.25 s for the 

PenRay lamp and approx. 250 ms for the VUV lamp. 

Above: A considerably higher ozone mixing ratio results in a drastically increased CO3
– -

water cluster concentration. The unreactive NOx
– -population is significantly decreased 

compared with ionization methods using discharges, which in contrast increase the 
background NOx concentration. 

APECI/APPI 

After 1 ms 
reaction time 

Left: The VUV lamp yields a 
higher ozone mixing ratio. In 
ambient air this results in a 
higher concentration of 
[O2(H2O)2]– after 1 ms than 
with less ozone present. In the 
equilibrium state [CO3(H2O)]– 
and [O2(NO)(H2O)]– are also 
present in addition to 
[NO2(H2O)]–. 
 

APPI 

Ambient Air 

In both, synthetic air and ambient air, [CO3(H2O)]– is the most abundant reactant ion. 

Synthetic Air 

APECI
  

• The experimentally determined mass spectra 
are well reproduced by the kinetic simulations 

• Small deviations are observed, most probably 
due to missing reactions in the reaction 
scheme 

• For short photolysis times, as realized in the 
capillary APECI source, only small amounts of 
ozone are generated 

• In synthetic air: 

• Superoxide water clusters are the only 
reactant ions observed after 1 ms, longer 
reaction times lead to CO4

–  

• Increasing the carbon dioxide 
concentration leads to a shift in the 
reactant ion population towards CO4

– in 
the simulation toward CO3

– in the 
experiments 

• In ambient air the amount of ozone produced 
controls the reactant ion population 

• Low ozone mixing ratios (APECI) lead to 
NOx

–-ions after long reaction times, which 
are unreactive towards most analytes. 
Short reaction times allow that superoxide 
is present as reactive species 

• High ozone mixing ratios (APPI) lead to a 
higher amount of COx

–, which is more 
reactive than NOx

– 

• Short reaction times (capillary ion source) 
and/or the absence of neutral photolysis 
products (APLI) are beneficial to obtain 
favorable reactant ion populations consisting 
solely of superoxide and COx

– 

Ambient Air
  


