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Some Commonly Used Ionization Techniques

• Electron Ionization (EI)

• Chemical Ionization (CI)

• Electrospray (ESI) / Nanospray

• Desorption Techniques
– Matrix-Assisted Laser Desorption/Ionization (MALDI)

– Fast Atom Bombardment (FAB)

• Ambient: DESI / DART

• Ionization for Elemental Analysis
– Thermal Ionization Source 

– Spark Source

– Glow Discharge

– Inductively-Coupled Plasma (ICP)

Q: why are so many ionization techniques used in MS?



10/23/2014

2

Effect of Ionization Techniques
From Schewdt

• Same molecule analyzed by 4 techniques 

• Clicker Q: which is preferable: A, B, C, D, or E: it depends

A
B

C

D

Chemical Ionization (CI)

Introduced in 1966 by Munson and Field1, it was a direct outgrowth of fundamental 

studies of ion/molecule interactions.

Where other techniques rely on interaction of molecule and electron, photon, or electric 

field, ionization of the analyte molecule, M,  is achieved through reaction 

with a reagent ion, R+

1. Munson and Field, JACS, 2621, 1966. – Suggested reading on course web page

CI Method of Munson & Field (Still used)

1. Reagent species is ionized by high-pressure* electron ionization

e- + R → R+ + 2 e-

2. Collision of reagent ion with gas-phase analyte (present at <1% abundance of 

reagent)  yields analyte ion

R+ + M → M1 
+ + R1

3. Potential fragmentation of M+ by one or more pathways

M1
+ → M2

+ + N2
→ M3

+ + N3

→ M4
+ + N4

4

*: how high P? Remember prob of an electron leading to ionization is ~3 x 10-7 at P = 10-7 Torr
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Clicker Q: Pressure in CIMS?

• If a typical ionizer for atmospheric chemistry CIMS 

is 50 cm3 and with a residence time of 100 ms and 

a reagent ion mole fraction of 100 ppb, what 

pressure should it be operated at?

A. 0.1-1 atm

B. 1-100 mbar

C. 0.01-mbar

D. 0.001 mbar

E. I don’t know

5

CI Ion Source

From Barker

Similar to EI source. 

•Higher P

•Simultaneous 

introduction of M 

and R

6
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Combined EI-CI Source
7

CI Reagents and Products

From Lambert

8

• Many different chemistries used depending of what one wants

• A CU ANYL student developed a new chemistry as part of his PhD:

• CH3-COO- + R-COOH  CH3COOH + R-COO-

• proton abstraction by acetate ion

• Veres, P., J.M. Roberts, C. Warneke, D. Welsh-Bon, M. Zahniser, S. Herndon, R. Fall, and J. de 

Gouw, Development of Negative-Ion Proton-Transfer Chemical-Ionization Mass Spectrometry 

(NI-PT-CIMS) for the Measurement of Gas-Phase Organic Acids in the Atmosphere, Int. J. Mass 

Spectrom., 274, 48-55, doi:10.1016/j.ijms.2008.04.032, 2008.

• http://dx.doi.org/10.1016/j.ijms.2008.04.032 

• Used by multiple groups now, including ours
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Gas-Phase Ion-Molecule Reactions

Cl- + CH3Br 

CH3Cl + Br-

From Hoffmann

9

Gas-Phase IMRs Notes

• Condensed Phase

– Molecules are strongly solvated

– Ions even more so

– High activation energies to break the solvation cage

– Also continuous exchange of energy from collisions

• Gas Phase

– Interaction of naked ion with molecule is exothermic

• Ion-molecule complex formation

– Energy remains in the complex due to lack of 

collisions (low-pressure), allowing it to overcome the 

barrier

– Non-equilibrium!!

10
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Solvation in IMRs

From Hoffmann

11

Efficiency of IMRs

• Approx. every 

collision leads to 

a proton transfer, 

if DG0 < 0

From Hoffmann

12
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Proton transfer reaction – mass spectrometry

OHVOCHVOCOH 23  
PA(VOC) > PA(H2O)

Courtesy of Lisa Kaser, NCAR

Clicker Question

ΔHreact = PA(H2O) - PA(VOC)

The reaction will proceed if:

(a) If ΔH is VERY, VERY POSITIVE

(b) If ΔH is POSITIVE

(c) If ΔH is NEGATIVE

(d) If ΔH is zero

(e) If ΔH is VERY, VERY NEGATIVE

Note: PA = Proton Affinity: energy released (or absorbed if < 0) 

when a proton attaches to a molecule

– Note sign convention is reversed!

14
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Reagent Gases Used in H+ Addition CI

From Watson

16
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Clicker Question

PA(methane) = 5.7 eV

PA(isobutane) = 8.5 eV

The analyte molecule M is known to be ionized by a 
proton transfer mechanism with both methane or 
isobutane. Which of the options below is true?

(A) PA(M)  > 8.5 eV

(B) 5.7 eV < PA(M) <  8.5 eV

(C) PA(M) < 5.7 eV

(D) None of the above

(E)  I don’t know

17

Clicker Question

PA(methane) = 5.7 eV

PA(isobutane) = 8.5 eV

Which reagent gas is more likely to yield 
fragmentation of M?

(A) Isobutane

(B) Methane

(C) Depends on structure of M

(D) It cannot be determined without additional info

(E) I don’t know

18
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Fragmentation

From de Hoffmann

EI

CI, R= Methane 

(PA=5.7 eV)

CI, R= Isobutane 

(PA=8.5 eV)

NOTE

•Many instruments 

include dual sources: CI 

for molecular weight; EI 

for ID by fragmenation

•The not fully 

predictable nature of CI 

fragmentation prevents 

development of spectral 

libraries.

19

Selective Detection by choosing CI reagent

From de Hoffmann

Q: the proton 

affinity of butyl 

methacrylate  is:

(a) Lower than that 

of hydrocarbons

(b) Higher than 

that of 

hydrocarbons

(c) Equal to that of 

hydrocarbons

(d) I don’t know

EI CI: CH4 CI: Isobutane

20
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Atmospheric CI-QMS
21

Potential Complexity of Reagent Ions

CH4 + e-  CH4
+ + 2e-

CH4 
+ + CH4  CH5

+ + CH3


CH4
+  CH3

+ + H

CH4
+  CH2

+ + H2

CH3 
+ + CH4  C2H5

+ + H2

CH2
+ + CH4  C2H3

+ + H2 + H

C2H3
+ + CH4  C3H5

+ + H2

CH5
+

C2H5
+

C3H5
+

Relevant reaction:

CH4 + H+ → CH5
+    

PA(CH4) = -ΔH = 131 kcal mol-1
Relevant reaction:

C2H4 + H+ → C2H5
+    

PA(C2H4 ) = -ΔH = 162.6 kcal mol-1
22
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Selected Ion Flow Tube & SYFT MS
23

http://www.syft.com/

1. Generation of ions

2. Ion selection: H3O
+, NO+ and O2

+

3. Sample introduction and reaction

4. Selection of reaction products

5. Detection.

Proton-Transfer Reaction MS
24

http://www.ptrms.com/

http://www.syft.com/
http://www.ptrms.com/
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Switchable Reagent Ions in PTRMS
25

http://www.ionicon.com/sites/default/

files/uploads/doc/other_flyer_ionicon

_sri.pdf (Nov 2013)

Aerodyne ToF-CIMS
26

Bertram, T. H., Kimmel, J. R., Crisp, T. A., Ryder, O. S., Yatavelli, R. L. N., Thornton, J. A., Cubison, M. J., Gonin, M., and Worsnop, D. R.: A field-

deployable, chemical ionization time-of-flight mass spectrometer, Atmos. Meas. Tech., 4, 1471-1479, doi:10.5194/amt-4-1471-2011, 2011
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An Aircraft CIMS Instrument
27
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Atmosperic Pressure CI (APCI)

From Vestal, Chem. Rev., 101, 361, 2001.

• A method for coupling CI to liquid chromatography

• Heat and gas flow desolvate nebulizer droplets, yield dry vapor of solvent and 

analyte molecules.

• Corona discharge ionizes solvent, which in turn acts as CI reagent.

• Not suitable for very nonvolatile or thermally labile samples.   For these, 

electrospray is the method of choice. 

28


