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Ion sources: EI
• EI is most common for GC detection

– Electron ionization (NOT electron impact ionization)

• Many events possible in an electron-neutral collision

– excitation

– electron capture

– Ionization

– ionization w/ excitation (w/ or w/out rearrangement)

– multiple ionization (/ or w/out excitation, dissociation, rearrangement etc.)

- *e  + A-B-C = A-B-C  (not detected)

- -e  + A-B-C = A-B-C  (not detected in positive mode)
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Ion sources: EI

de Hoffmann, E.; Stroobant, V. Mass Spectrometry: Principles and Applications, 2nd 
Ed; Wiley: New York, 2004. 

EI spectra of beta lactam at different e- energies























Electrospray/Nanospray Ionization
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Image from:  http://www.uab.edu/botanicals/pdfs/08_Sam090902.pdf



Hitachi M8000 LC/MSn 

QStar

ESI



ESI





AAmmiinnoo  AAcciidd 33  LLeetttteerr  CCooddee SSiinnggllee  LLeetttteerr  CCooddee RReessiidduuee  MMaassss

Monoisotopic Average

Glycine Gly G 57.02147 57.052

Alanine Ala A 71.03712 71.079

Serine Ser S 87.03203 87.078

Proline Pro P 97.05277 97.117

Valine Val V 99.06842 99.133

Threonine Thr T 101.04768 101.105

Cysteine Cys C 103.00919 103.144

Isoleucine Ile I 113.08407 113.160

Leucine Leu L 113.08407 113.160

Asparagine Asn N 114.04293 114.104

Aspartic Acid Asp D 115.02695 115.089

Glutamine Gln Q 128.05858 128.131

Lysine Lys K 128.09497 128.174

Glutamic Acid Glu E 129.04260 129.116

Methionine Met M 131.04049 131.198

Histidine His H 137.05891 137.142

Phenylalanine Phe F 147.06842 147.177

Arginine Arg R 156.10112 156.188

Tyrosine Tyr Y 163.06333 163.170

Tryptophan Try W 186.07932 186.213

Homoserine Lactone 83.03712 83.090

Homoserine 101.04768 101.105

Pyroglutamic acid 111.03203 111.100

Carboxyamidomethyl Cysteine 160.03065 160.197

Carboxymethylcysteine 161.01466 161.181

Pyridylethylcysteine 208.06703 208.284



Peptide Fragmentation



Peptide Fragmentation



MALDI Ionization
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Hanno Steen & Matthias Mann Nature Reviews Molecular Cell Biology 2004, 5, 699.
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Nucleic Acids Research, 1993, Vol. 21, No. 14 3195



Ion Beam Sputtering
• The bombarding primary ion beam 

produces monatomic and polyatomic 
particles of sample material and 
resputtered primary ions, along with 
electrons and photons.

• The secondary particles carry 
negative, positive, and neutral 
charges and they have kinetic 
energies that range from zero to 
several hundred eV.

• Primary beam: Cs+, O2+, O , Ar+, and 

Ga+ with depths of depths 1 to 10 
nm between 1 and 30 keV.



Sputtering Effects
• The collision cascade model has the 

best success at quantitatively 
explaining how the primary beam 
interacts with the sample atoms.

• Sputtering leads to surface roughness 
in the sputter craters.



Secondary Ion Energy Distributions
• The sputtering process produces 

secondary ions with a range of 
(translational) kinetic energies. 

• Molecular Ions (internal vibrational 
and rotational modes)

• Atomic Ions (only in translational 
modes)



Secondary Ion Yields
Primary Beam Effects

• The variability in ionization efficiencies leads to different analysis conditions for 
different elements as indicated on the periodic table.



Sensitivity and Detection Limits
• The SIMS detection limits for most trace elements are between 1x1012 and 

1x1016 atoms/cc.
• Dark Current : The output of an electron multiplier if no secondary ions 

are striking it.
• Oxygen  present in vacuum systems or analyte atoms sputtered from mass 

spectrometer parts.



(3) Depth Profiling

• In contrast to a static SIMS experiment, high primary ion dose densities 
are applied giving a successive removal (sputtering) of the respective top 
surface layers. By acquiring spectra during the sputtering the in-depth 
distribution of elements and small clusters (e.g. oxides) can be monitored.



Depth Profiling
• Monitoring the secondary ion count rate of selected elements as a function of 

time leads to depth profiles. 



(2) Surface Imaging

• By rastering a finely focussed ion beam over the surface, like an electron 
beam in an electron microprobe, mass resolved secondary ion images 
(chemical maps) can be obtained simultaneously. 



Microbeam Imaging
• For ion microbeam imaging, a finely focused primary ion beam sweeps the sample in a raster 

pattern and software saves secondary ion intensities as a function of beam position. 



Lipid mapping of colonic mucosa by 
cluster TOF-SIMS imaging and 
multivariate analysis in cftr
knockout mice. Marc Brulet , 1, * Alexandre Seyer , 
1, * Aleksander Edelman , † Alain Brunelle , * Janine Fritsch , †
Mario Ollero , 2, * ,† and Olivier Laprévote * , § Journal of Lipid 
Research, 51 (2010) 3034.



Building Blocks of An ICP - MS

•Atmospheric pressure
– Sample introduction
– Desolvation
– Atomization
– Ionization > 90%

•-------------- ---------------
•Vacuum

– Ion focusing
– Mass separation
– Isotope detection

7Li+

208Pb+

114Cd+



Generic ICP-MS System Hardware 
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Applications: Forensic Analysis
•Sample Preparation: Laser Ablation

•Direct Solid Sampling
•Very Little Sample Prep
•Spatially Resolved In Situ Analysis
•Integrated software control



LSX-213 schematic



Ion Optics - Photon Stop 
Design

• Ion  beam aberrations 
present

• Optical analogy – note 
different focal points 

• (still used by one 
competitor)

• About 10-15% 
efficient 
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4 D Focusing of the Ion Mirror
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Ion Mirrorskimmer

KE = PE



Varians Ion Optics Design –
the 90 Degree Ion 

Mirror



Fractionation
•Fractionation is defined as non-stoichoimetric sampling
•It was originally believed that the laser was causing fractionation at the ablation 
site

– This may still happen to some degree with all lasers in metal 
samples…melting

•Elemental fractionation can occur in three parts of the LA sampling process
– At the ablation site
– During transport
– In the ICP

•Elemental fractionation has been shown to be reduced using lower wavelength 
lasers as compared to 266 nm system (smaller more easily ionized particles)



Fractionation
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Figure 4- (A) Image of spotted gar liver showing ablations in a macrophage aggregate 
and normal tissue .  202Hg signal in (B) normal tissue and a (C) macrophage aggregate.



Figure 5- (A) A pre-ablation image of a spotted gar liver section with a superimposed 
raster pattern .  Dark patches are macrophage aggregates.  Lighter patches are normal 
parenchyma.  (B) 3D contour image showing the relative distribution of 202Hg after laser 
ablation of the section shown in (A).

Barst, B.D.; Gevertz, A.K.; Chumchal, M.M.; Smith, J.D.; Rainmater, T.R.; Drevnick, P.E.; 
Hudelson, Hart, A.; Verbeck, G.F.; Roberts, A.P., “Mercury accumulates in melanomacrophage 
aggregates in wild fish livers: Evidence of link between mercury exposure and negative effects on the 
health of wild fish”, Science, 2011. Submitted, In Review



Cold Cell Block



102Ru image mapping in HeLa Cells



39K Mapping Image of Arabidopsis leaf section
with cold cell LA-ICPMS



23Na mapping image of Arabidopsis Leaf 
cold cell LA-ICPMS





Evaluation of a custom single Peltier-cooled 
ablation cell for elemental imaging of biological 
samples in laser ablation-inductively coupled 
plasma-mass spectrometry (LA-ICP-MS)

J. S. Hamilton,a E. L. Gorishek,a P. M. Mach,a D. 
Sturtevant,b M. L. Ladage,b N. Suzuki, P. A. 
Padilla,b R. Mittler,b K. D. Chapmanb and G. F. 
Verbeck
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