
Reaction kinetics by mass spectrometry 
(in the gas phase and in solution)
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Ion-molecule reaction

Solvation is of prime importance!
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Reactions in the gas phase – tandem 
in space

Q QOMg(NO3)2 solution

CH4
ProductsMgO+

D. Schröder & J. Roithová, Angew. Chem. Int. Ed. 2006, 45, 5705.
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Reactions in the gas phase

 Collisional complex
 Tight vs. loose transition structure
 Pressure dependence  rate constants
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Rate constants (tandem in space)
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1st order kinetics: 

E. Andris et al., Angew. Chem. Int. Ed. 2016, 55, 3637–36415



Endothermic reactions, reactions with 
an energy barrier

C2H2
2+ + Ar

D. Ascenzi et al., Phys. Chem. Chem. Phys. 2008, 10, 7121.6



Reaction dynamics
C2H2

2+ + Ar

Fig. 1. CM scattering diagram of the 
SO+ and CO+ product ions following the 
reaction of O2

2+ and OCS. The diagram is 
a polar plot that shows the orientation of 
the velocities of the SO+ and 
CO+ products with respect to the 
direction of the reactant 
velocities, w(O2

2+) and w(OCS).

Reaction
complex

O2
2+ + SCO
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Reactions in the gas phase – tandem 
in time

R. A. J. O’Hair, Chem. Commun. 2006, 1469.
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Investigation of reactions in solution
 Disappearance of reactants/

appearance of products

 NMR

 GC

 UV/vis

 IR

 MS

9



ESI-MS monitoring of solution 
chemistry
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ESI-MS monitoring of solution 
chemistry
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Pressure gap in reaction mechanisms’ 
research using MS
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ESI-MS monitoring of solution 
chemistry

X. Yan et al., Angew. Chem. Int. Ed. 2014, 53, 5931.

• Ion suppression?
• Linear response?
• Speciation?
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Ion response

Dependence on the flow rate

Relative ion intensities in dependence 
of concentration  differences larger 
at large concentrations
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Sometimes linear ESI-MS response
 Streptavidin + biotin

Lu Deng et al., J. Am. Soc. Mass Spectrom. 2013, 24, 49.15



Usually, only qualitatively

NMR ESI-MS

A. Ray et al., Mass Spec Rev. 2018, 37, 565.
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Reactions in droplets during ESI

 All condensation reactions will be accelerated!
 Concentration of metal catalysts will significantly increase!

Xin Yan, Ryan M. Bain, and R. Graham Cooks, Angew. Chem. Int. Ed. 2016, 55, 12960.17



Reactions in droplets

Xin Yan, Ryan M. Bain, and R. Graham Cooks, Angew. Chem. Int. Ed. 2016, 55, 12960.18



Reactions in droplets

Reactions occur in secondary (splashed) droplets

Going preparative?
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Concentration changes

fspray –
enrichment 
factor during 
ESI 
depending on 
concentration,
fspray  106

N. G. Tsierkezos et al., Inorg. Chem. 2009, 48, 6287.20



Kinetics directly

K. Koszinowski, D. S. Stephenson, J. Org. Chem. 2018, 83, 14314
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Kinetics directly

K. Koszinowski, D. S. Stephenson, J. Org. Chem. 2018, 83, 14314

ESI-MS

NMR
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Reactive intermediates, metal 
complexes, organometallic compounds

Reaction
mixture
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Reaction mechanisms research

Reaction
mixture Ion source

Mass spectrum

Ion trap

 Transfer of ions from
reaction mixture to MS

m/z
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Isotope dilution mass spectrometry
 Quantification by MS  using isotopically labelled standards
 Quantification of metabolites by ESI-MS:
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K. Guo, L. Li, Anal. Chem. 2009, 81, 3919.

J.I. Garcia Alonso, P. Rodriguez-Gonzalez, Isotope dilution mass spectrometry,
Royal Society of Chemistry, 2013, Cambridge (UK).
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Dynamic isotope dilution for kinetic 
measurement: Delayed Reactant Labelling

L. Jašíková, M. Anania, S. Hybelbauerová, J. Roithová, J. Am. Chem. Soc. 2015, 137, 13647.
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L. Jašíková, M. Anania, S. Hybelbauerová, J. Roithová, J. Am. Chem. Soc. 2015, 137, 13647.29
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Kinetics of reaction intermediates

Ph-CC-CH3
+ 2.5% [Au(PMe3)Cl] 

+ 3% AgSbF6 in CH3OH

Reaction
mixture
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Effect of the ligand and the reaction conditions

(Ph3P)Au

OCH3

CH3

Ph

Au
(PPh3)

t1/2 ~ 11 min

Catalyst Addition Additive EPPh3

t1/2 [min]

2.5 mol% 

[AuCl(PPh3)]/

3 mol% AgSbF6

CD3OH - 11.3 ± 1.7

CD3OH TsOH 7.0 ± 1.6

PhCCCH3,CD3OH
- 7.3 ± 0.6

PhCCCH3,CD3OH
TsOH 3.7 ± 0.3

PhCCCD3 - 4.2 ± 0.4
2.5 mol% 

[AuCl(PMe3)]/
3 mol% AgSbF6

CD3OD 4.0 ± 0.3a
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Correlation with NMR kinetics
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[(IPr)2Au2(PhCCCH3)(OCH3)]+

(IPr)Au

OCH3

CH3

Ph

Au
(IPr)
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Reaction kinetics by MS
 Gas-phase

 Tandem MS – QoQ and similar instruments
 Barrier-less reactions, zero-collision energy, pressure dependence, 

rate constants by calibration, collisional (reaction) complex
 Ion traps  reactions in time

 Reactions in condensed phase
 Pressure gap, ion suppression, concentration changes – enrichment 

factors – speciation
 Qualitative kinetics directly from ion current – all species similar with 

similar ionization/ion-transfer probability (sometimes even qualitatively 
correct)

 Catalytic reactions – delayed reactant labeling, isotopic standards
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