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Isomer discrimination in FT-ICR MS and

hyphenated techniques




LC-MS/MS



Approaches complementary
for isomer differentiation by FT-ICR MS

MRs
RMPD spectroscopy
on Mobility Spectrometry
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IMR by FT-ICR

Structure (isomer differentiation)

Reactivity (intrinsic)

Reaction Mechanisms

Isolation and characterization of elusive intermediates
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The efficiency (®) of an ion molecule reaction can be determined by comparing
the experimental rate constant (k,,,) with a theoretical estimate of the capture

rate constant as percentages of the collision rate constant (k).

_ k
D = "exv  heasure of reaction probability per collision
coll  (number of events that bring to reaction)

Many exothermic reactions exhibit unit reaction probability at room T;

others proceed with reaction efficiency much less than unity.




ADO: averaged dipole orientation
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the first term is the Langevin contribution Interaction: ion- dipole

L is the reduced mass; pp is the permanent dipole;
C is a correction factor depending on p,/ a!?;
kg is Boltzmann’s constant

The dipole orientation is not considered

Kapo Predicts accurate Proton Transfer rate constants

T. Su, . T. Bowers, J. Chem. Phys. 1973; Int. J. Mass Spectrom. Ion Phys. 1973




Types of Ion-Molecule Reactions

V. Ryzhov, Anal. Chem. 2013; H. |. Kenttamaa, Mass Spectrom. Rev. 2021



Proton-Transfer Reactions

AH" + B — BH" + A A-+ BH &—— AH + B-
/ ~

/ N

base A of unknown GB (PA) base B of known GB (PA)

by using several reference bases B, the GB (PA) of A can be determined

Bracketing method: kinetics |AH* + B — BH* + A

* measurement of k,,
* presence of gaseous B

AH* + B — BH* + A

Equilibrium method: equilibrium

* measurement of K, [BH]* [A] AG®

* presence of gaseous Aand B °q [AHT" [B] n Keg RT

G. Bouchoux, Int. J. Mass Spectrom. Ion Processes 1996






OAT by Mn(V)-Oxo porphyrin complex

1+ MnV-oxo-porphyrin complexes prepared in aqueous solution:
diamagnetic d? low-spin ground state

s 1 . i 0 + The OAT reactivity in water is found to be strongly
C@T\H'ID .é: @:'b .L ('EE) pH-dependent: prototropic equilibria
H” -H'

high pH low pH

ESI FT-ICR
[(TPFPP)MnCI]* + PhIO —— [(TPFPP)MnVO]* + L —— [(TPFPP)Mn"]* + LO

solution, -20°C (m/z1043) gas phase

L = propene, (E)-2-butene, (Z)-2-butene, styrene, cyclohexene, 1,3,5-CHT, (+)-camphene,
indene, B-pinene, (R)-(+)-limonene.  OAT reactivty increases with the olefin’s |E value

M. E. Crestoni, et al. Chem. Eur. J. 2009




Table 1. Kinetic data for the reaction of [(TPFPP)Mn"O]* (1) with se-

lected olefins in the gas-phase.

Olefin (TE)"! Kl Pl
propene (9.73) 0.0020 0.021
3,3-dimethyl-1-butene (9.45) 0.041 0.43
(E)-2-butene (9.10) 0.072 0.78
(Z)-2-butene (9.11) 0.75 8.1
allylbenzene (7.8-8.7) 0.070 0.76
styrene (8.46) 0.63 6.8
cyclohexene (8.95) 0.75 7.7
1,4-cyclohexadiene (8.8) 0.69 7.8
1-propene, 2-methoxy (8.64) 1.7 16
1,3,5-cycloheptatriene (8.30) 1.9 21
(+)-camphene (<8.86) 26 28
indene (8.14)! 1.2 12
(1S5)-(—)-a-pinene (8.07) 9.0 100
B-pinene (n.a.) 93 100
(R)-(+)-limonene (8.3) 9.2 100







(CH,),SiOH*



high pressure

very low pressure






2-propenyl-dimethylsilyl cation



Functional-group selective IMRS

1) ethyl vinyl ether
2) diethylmethoxyborane
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diethylmethoxyborane reacts with protonated monofunctional oxygen-
containing analytes (alcohols, ketones, aldehydes, esters, ethers, carboxylic
acids, amides) by deprotonation followed by substitution of methanol:
provides structure elucidation for unknown mixture components

H. I. Kenttamaa, Anal. C

J. Mass Spectrom 2006; H. I Kenttamaa Mass Spectrom. Rev. 2021



Functional-group selective IMR

Potential to measure the effect of local environment, the exposure and accessibility of
a phosphate moiety on the surface of a biomolecule and to distinguish positional
phosphorylated peptide isomers

The reaction efficiency allows to explore the accessibility of phosphate

groups in biomolecules



Making Mass Spectrometry See the Light:

Infrared Multiple Photon Dissociation spectroscopy



Table 1.2 Vibrational
ranges for common
biomolecular chemical
moieties

Biomolecular vibrations

Description

Frequency/cm™

P-OH stretch/P-OH wag
Amide NH bending

Amide CO stretch
Carboxylic acid CO stretch
Symmetric NH, stretch
Asymmetric NH, stretch
Amide NH stretch
Indole/Imidazole NH stretch
Carboxylic acid OH stretch
Alcohol OH stretch
Phosphate OH stretch

920-1,080
1,475-1,525
1,675-1,725
1,725-1,775
3,350-3,400
3,400-3.450
3,300-3,500
3,480-3,520
3,540-3.600
3,600-3,675
3,650-3,700




Infrared Multiple Photon Dissociation (IRMPD) :
an action spectroscopy

IRMPD

action spectrum
spectroscopy

m/z selection



Infrared action spectroscopy technique

» fingerprint (700-2000 cm) at CLIO-FEL (Orsay)
* CH, NH,OH stretching range (2800-3800 cm™) at Dip. CTF

@ Dip. CTF (Sapienza University)

@ CLIO-FEL (Orsay)



three orthogonal techniques

Isomer-selective fragmentation of each
isomer (AABA, BABA, and GABA) at a
selected wavelength allows for their
structural characterization
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Hydrolysis of cis and transplatin

Cl
|
H;N — pt— Cl

|
NH,

l cis-platin

Cl

|
HsN — ptt— OH,

NH,
cis-[PtCI(NH,),(H,0)]*
l singly aquated

OH

|
H;N — pt— OH,

|

NH,
cis-[PtOH(NH,),(H,0)]*
deprotonated form of

in solution it is not easy to separate the influence
doubly aquated y P

of the nature of the incoming and leaving ligands
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Organic Aerosol ) )
ESI (-) mass spectrum of a-pinene ozonolysis

0 °,o° | mixture

fingerprint region (600-1900 cm™?) @FEL



Good spectral matches between stds and unknowns

m/z 183 from the alfa-pinene SOA mixture

std : cis-pinoic acid

m/z 171 from the
complex SOA mixture

computed



Scheme 1. Schematic Representation of Tetraiodothyronine
(T4), Triiodothyronine (T3), and Reverse
Triiodothyronine (rT3)

deprotonation of phenol

T4 X=Y=X'=Y'=|
Y'=H
rr3  X=X=Y'=l Y=H

deprotonation of carboxylic acid



Theoretical calculations (B3LYP/D3)
T3 AGacid(T3) = 1345 kJ mol!

r’3 AGacid(rT3) = 1326 kJ mol'!

acetylacetone (1409 kJ mol-!)
TFA (1328 kJ mol-!)
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