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Ionization Methods Discussed
• Restricted to Organic and Biological Analysis

• Selected from publications over last 2 years

• Subjective choices made

Major Categories:

• Electron Ionization

• Chemical Ionization

• Atmospheric Pressure Plasma Ionization

• Laser Desorption Ionization

• Electrospray Ionization



Electron Ionization

• Field Emitters

• LC/MS Coupling



Electron Ionization - Field Emitters

Robust electron source in trend toward 
miniature mass spectrometers for field and 

space applications

• Higher pressure operation

• Low power consumption

• Associated savings in weight and space



Electron Ionization - Field Emitters



Electron Ionization –Field Emitters



Electron Ionization –Field Emitters



Electron Ionization - LC/MS Interfacing
Alternative ionization methodology to atmospheric 

pressure ionization (i.e., APCI or ES) for low to 
medium molecular weight compounds

- library searchable spectra -



Electron Ionization - LC/MS Interfacing

Cap-EI is a 
particle beam 

system 
optimized for 
flow rates in 

the 1.0 µL/min 
range 



Electron Ionization - LC/MS Interfacing

• Direct-EI 
similar to older 
inlets of the 
same type

• Takes 
advantage of 
robustness of 
modern HPLC 
at or below 
flow rates of 
1.0 µL/min 

• More sensitive 
than particle 
beam approach



Electron Ionization - LC/MS Interfacing
Both systems provide library

searchable EI spectra



Chemical Ionization

• Electron Capture

• Desorption Chemical Ionization

• Selected Reagent Ion Chemical 
Ionization



Chemical Ionization - Electron Capture

Tunable electron 
energy provides 

added selectivity of 
ionization by 

electron capture



Chemical Ionization - Electron Capture



Chemical Ionization -
Electron Capture

Tuned electron energy 
improves S/N at low 

analyte levels because of 
selective ionization



Desorption Chemical Ionization

• Otherwise known as 
direct-CI, direct 
exposure CI, in-beam 
CI

• No real renaissance

• Substantial 
capabilities forgotten



Desorption Chemical Ionization



Selected Reagent Ion CI
• CI mass spectrum is dependent on the reagent ion 

distribution

• Alteration of reagent ion distribution or selection of 
one particular reagent allows precise control of 
reaction type and reaction energetics



Selected Reagent Ion CI

unpublished 
ORNL data



unpublished 
ORNL data

Selected Reagent Ion CI



Atmospheric Pressure
Plasma Ionization

• Microwave Induced Plasma Ionization (AP-
MIPI)

• Dual Atmospheric Pressure Chemical 
Ionization (APCI)/Electrospray (ES) Ionization

• Atmospheric Pressure Photoionization 
(APPI)



Microwave Induced Plasma Ionization

• Alternative to  
APCI or ES for 
low to medium 
molecular 
weight 
compounds

• Good buffer 
tolerance



Microwave Induced Plasma Ionization



Microwave Induced 
Plasma Ionization



AP-MIPI

ES

Microwave Induced 
Plasma Ionization



Dual APCI/ES

• Multiple 
ionization modes 
in a single 
chromatographic 
run

• Extends range of 
compounds 
detected

• Increases 
analysis 
throughput

Anal. Chem., in press



Dual APCI/ES



Dual APCI/ES



Atmospheric Pressure Photoionization

• Alternative to 
APCI

• Equal or better 
detection 
levels than 
APCI

• Extends 
efficient 
ionization to 
include less 
polar 
compounds 
than APCI

ES



Atmospheric 
Pressure

Photoionization

ES

• Direct 
photoionization 
statistically 
unfavorable

• Photoionize dopant

• Dopant ions react to 
ionize analyte
− Proton transfer
− Electron transfer



Laser Desorption Ionization
• Atmospheric Pressure Laser Desorption

− Atmospheric Pressure Matrix Assisted Laser 
Desorption/Ionization (AP-MALDI)

− Laser Desorption (LD) – APCI

• “Matrix-free” MALDI

• Coupling MALDI with Separations

• Imaging with MALDI
− Tissues Sections

− Virtual 2-D Gels

• Affinity Surfaces for MALDI

• Automated Sample Preparation/Analysis for MALDI



Atmospheric Pressure MALDI
• Interface MALDI 

with atmospheric 
sampling TOF and 
trapping 
instruments 
(ES,APCI, MALDI)

• Simplification and 
versatility of 
sample analysis 
provided by 
atmospheric 
pressure operation

• “Softer” ionization



Atmospheric Pressure MALDI



Atmospheric Pressure MALDI



LD-APCI• Decouples 
desorption and 
ionization

• Eliminates 
requirement 
that matrix 
facilitate both 
desorption and 
ionization

• Simplifies 
sample 
preparation and 
analysis

• Improves 
ionization 
efficiency



LD-APCI

- low laser power -
desorption of 
mainly neutral 

molecules



LD-APCI



“Matrix-Free” MALDI

• Simplifies 
sample 
preparation

• Minimizes 
low mass 
chemical 
noise

• Enhances 
analysis of 
low mass 
analytes



“Matrix-Free” 
MALDI

• Porous silicon 
surface takes on 
role of matrix

• Optical absorption, 
thermal 
conductivity, pore 
size and overall 
porosity critical 
parameters



“Matrix-Free” MALDI



“Matrix-Free” 
MALDI



Coupling MALDI with Separations
• Obtain 

advantages of 
other LC-MS 
couplings

• Numerous 
coupling 
approaches
− fraction 

collection,
− automated 

spotting
− continuous 

deposition
− continuous 

desorption
− and others



Coupling MALDI with Separations



Coupling MALDI with Separations 



• Map distribution 
of targeted 
compounds in 
tissue

• Altered 
molecular 
marker 
distributions are 
diagnostic for 
various 
diseases

Imaging with MALDI
Tissue Sections



Imaging with MALDI
Tissue Sections



Imaging with MALDI
Tissue Sections



• MALDI analysis 
of separated 
components on 
1-D isoelectric 
focusing or pH 
gradient gels

• Mass analysis 
substituted for 
size separation 
of SDS - PAGE

Imaging with MALDI
Virtual 2-D Gels



Imaging with MALDI
Virtual 2-D Gels



Affinity Surfaces for MALDI

• Molecular 
selective or 
specific 
concentration 
and cleanup 
of analytes 
from complex 
mixtures

• Simplifies 
sample 
handling and 
analysis



Affinity Surfaces for MALDI



Affinity 
Surfaces for 

MALDI



Automated Sample 
Preparation for MALDI

Gyros AB
Uppsala Science Park
SE-751 B3 Uppsala, 

Sweden



Automated Sample Preparation 
for MALDI



Automated Sample Preparation 
for MALDI



Automated Sample Preparation 
for MALDI



Electrospray Ionization

• Electrochemistry of Electrospray

• Surface Sampling

• Dueling Ion Sources
− Alternate Ionization Modes (ES/APCI)
− Ion/Ion Reactions

• Emitter Arrays



Electrospray Electrochemistry

• EC is inherent 
to operation of 
ES ion source

• Devise means 
to avoid or 
exploit EC of 
ES



Thin-Channel Electrode Electrospray Emitter

Easily and quickly -

• change electrode material (SS, 
Pt, Au, Ag, Zn, Cu, Ni, etc.) 
and area,

• alter flow dynamics through 
change in electrode area, thin-
layer channel thickness, or 
flow rate

• use as electrodes materials 
not available in tubular form 
(glassy carbon)

• make and use modified 
electrode surfaces 
(conductive polymers, 
catalytic electrodes)

Facilitates the study and 
utilization of key parameters 

that influence the 
electrochemical processes:
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Thin-Channel Electrode Electrospray Emitter
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Thin-Channel Electrode Electrospray Emitter
Effect of emitter 

electrode material on the 
oxidation of and signal 

from 20 M
N-phenyl-1,4-

phenylenediamine
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Electrospray Ionization
Surface Sampling

• Sampling of 
material at, in, or 
just above a 
surface

• Monitor 
electrode 
reaction 
products, 
components on 
TLC plates, in 
gels, etc.
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Dueling Ion Sources
Ion/Ion reactions

• Expanded 
analytical 
capabilities via 
charge state 
manipulation of 
gaseous analyte 
ions
− simplification of 

ES spectra
− study of reaction 

mechanisms
− creation of novel 

ions



Ion/Ion reactions



Ion/Ion reactions



Ion/Ion reactions

Manipulation of reactions 
within ion trap provides:

• Larger number of ion/ion 
reaction types

• Better defined reactions



Electrospray Emitter Arrays

• High-throughput 
analysis
− nanospray-MS
− no carryover
− limited sample

• Tend towards total 
microanalysis 
system using ES-
MS detection

• On-chip sample
− preparation
− concentration
− separation



Electrospray Emitter Arrays

• One well/emitter per 
sample

• Samples brought to 
chip/analyzed 
serially



Electrospray 
Emitter 
Arrays



Electrospray Emitter Arrays
• One well/ 

emitter 
per 
sample

• All 
samples 
loaded on 
chip

• Samples 
analyzed 
serially



Electrospray Emitter Arrays



Recent Developments in Ionization 
Methods for Mass Spectrometry:

An Overview and Prospects
What are the prospects?

• Totally automated sample preparation and analysis

• Total microanalysis systems that use mass 
spectrometric detection

− engineering of current ion sources to small size 

• What advances in ion sources are required to:

− solve problems currently intractable using mass 
spectrometry?

− continue the advance (versus plateau) of the field of 
mass spectrometry?
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