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▪ Ion-Molecule Chemistry in Radio Frequency Quadrupoles 

▪ Isobar Separator for Anions – Univ. of Ottawa AMS Laboratory

▪ Energy Profile in Gas (Thermal Relaxation)

▪ Formation/Transmission of Radioactive Molecules (TRIUMF, Dr. C. Charles)
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A+ + B B+ + A IE(A)>IE(B) Charge Transfer

A- + B B- + A EA(A)<EA(B)              Electron Transfer

AH+ + B BH+ + A PA(A)<PA(B) Proton Transfer

A+ + B [A.B]+ Adduct formation

A+ + BC AB+ + C Cluster Reaction

AC- + B A- + C + B Ion Dissociation 

AC+ + BDE Products Allowed chemistry

If = 𝐼𝑖 . 𝑒−𝑘𝑛𝑙

Common Ion-Molecule Chemistry at Low Energy 
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Isobar Separation 
in Accelerator Mass 
Spectrometry



Isobar Separator for Anions – Accelerator Mass Spectrometry
A. E. Lalonde AMS Laboratory



Ion Chemistry in Radio Frequency Confinement Fields

▪ Reduction of translational ion beam energy by DC lenses

▪ Minimizes diffusion losses by quadrupolar RF fields, efficiently confine low energy ion beam

▪ Maximizes acceptance of the quadrupolar fields -> better transmission

▪ Collisional cooling/focusing and deep RF potential well depth

▪ Achieve ion chemistry at known and controlled energy near thermal, Elab< 1eV

▪ Controlling reaction length/time using axial fields/segmented quadrupole ion guide
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where:

e is the elementary charge

Vrf is the peak-to-peak RF voltage

Vdc is the DC voltage between the pole pairs

m is the ion mass

ω is the angular RF frequency, and

r0 is the radius of a circle tangential to the inner surface of the rods.

q = 2
e Vrf

mω2r0
2

a = 4
e Vdc

mω2r0
2

= 0

Acceptance of Quadrupolar Ion Guides 

r0

Acc ≈ r0
4 ω2

ISA hardware designed to maximize acceptance of quadrupolar fields

Mathieu’s stability parameters









Collisional Focusing Effects in Radio Frequency 
Quadrupoles
Douglas & French, J. Am. Soc. Mass Spectrom. 1992, 3, 4, 398–408

Myoglobin/N2 mass ratio = 46.6



Deceleration
Collisional CoolingIon Chemistry

Acceleration

~10 ubar mixture of cooling gas and reactant gas

P = 10 mTorr

𝐸𝑓 = 𝐸𝑖𝑒−𝑙𝑛∝.𝑛𝑙Ω
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Single Cell ISA
Collisional cooling proceed before ion chemistry



Cl− +  NO2 → Cl +  NO2
−

endothermic by 1.34 eV

No reaction

S− +  NO2 → S +  NO2
−

exothermic by 0.2 eV

Fast reaction

Selective Suppression of S-

(Added to ~10 ubar He)

40-50% transmission for 37Cl- established first in ~10 ubar He      
(Mass ratio 37Cl/4He = 9.25) 
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A+ + B B+ + A IE(A)>IE(B) Charge Transfer

A- + B B- + A EA(A)<EA(B)              Electron Transfer

AH+ + B BH+ + A PA(A)<PA(B) Proton Transfer

A+ + B [A.B]+ Adduct formation

A+ + BC AB+ + C Cluster Reaction

AC- + B A- + C + B Ion Dissociation 

AC+ + BDE Products Allowed chemistry

If = 𝐼𝑖 . 𝑒−𝑘𝑛𝑙

Common Ion-Molecule Chemistry 

Rate constant

Density of reactant

Reaction length

Ion surviving reaction

Total initial ions

On-line Synthesis 
of Radioactive 
Molecules



Adduct Formation Reactions

Ga+ + C6H6

100%

1.2x 10-9
Ga.C6H6

+

Cu+ + C6F6

100%

1.0x 10-9
Cu.C6F6

+

Pt+ + SF6

100%

2.3x 10-11
Pt.SF6 

+

Examples of Ion-Molecule Chemistry at Thermal Equilibrium

Cluster Formation Reactions

W+ + CH3F
95%

1.2x 10-10
W.CHF

5%

1.2x 10-10
W.CH3F

+

+

V+ + CH3F
100%

1.7x 10-10
VF+

Hf+ + CO2

100%

1.0x 10-9
HfO+

Hf+ + CS2

100%

1.2x 10-9
HfS+

Reported by the Center of Mass Spectrometry at York University (Toronto, Canada) in a SIFT apparatus
https://www.yorku.ca/dkbohme/research/selection_table.html

Allowed Chemistry

https://www.yorku.ca/dkbohme/research/selection_table.html


▪ Cooling must be improved/ Ecm must be lowered (< 1 eV)

▪ Nearly 100% chemical conversion and transfer possible at Ecm= 0.1 eV

▪ Segmented RFQ a very versatile tool for beam diagnostic and reaction 
control

▪ Positive ion chemistry offers broader possibilities/ is easier to accomplish

▪ ISA for AMS a good test system

Formation of Radioactive Molecules in Ion 
Reaction Cell – Perspectives

Ion Reaction Cell on RIB – TRIUMF/ Collaboration with Dr. C. Charles



▪ A. E. Lalonde AMS Laboratory – Dr. X. Zhao, N. St-Jean

▪ Isobarex Team – M. Yang, D. Valyaev, V. Titov, M. Omidvar 
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