
Reflections on Doubly Charged Ions 
J Little, May 16, 2018 

Doubly charged ions routinely noted in electrospray LC-MS 
However, can be seen in many EI spectra obtained by GC-MS 
Especially aromatic species 
Noted in many of the trimethylsilyl and t-butydimethylsilyl derivatives of  
   aromatics in spectra being evaluated for NIST 
Noticed because no “isotopes” for most fragment ions containing only C, H, N, O 
Absence of isotopes due to merging of ions by either limited resolution of  
   quadrupole MS or by data system 
Isotopes will be noted if elements such as Cl and Br in fragment ion 
 A few articles found by SciFinder search 
Some easier to explain, some more complicated due to assorted neutral losses 
    in addition to radicals from odd electron molecular ions 
Aromatics not derivatized usually just doubly charged with no loss of radicals, see  
    last example 
 



https://littlemsandsailing.wordpress.com/2011/05/01/unusual-doubly-charged-ion-in-ei-spectrum-of-
phosphate/ 

Unusual Doubly Charged Ion in EI Spectrum of Phosphate, J Little Web Site 

References for PowerPoint 
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Example of “Ionic Abbreviation Used in PowerPoint” 

[M  - 2CH3]+2 

 
Thus M+2 ion would be at (662 - (15+15))/2 = 316 

 
 

Doubly charged fragment ion, 
Note isotopes not noted, merged 
with m/z 316 because not well 
resolved on quadrupole MS 

Unusual Doubly Charged Ion in EI 
Spectrum of Phosphate, J Little Web 

Site 



Miscellaneous Types of Doubly and Less Common Triply Charged Ions Noted in 
References and Various NIST Mass Spectra 

[M(2+.)  - 2CH3
.] +2                              [(MW-2(15))/2]  often found in TMS derivatives, (CH3)3Si-R   

[M(2+.)  - 2C4H9
.]+2                              [(MW-2(57))/2]  often found in t-butyl TMS derivatives, (CH3)3C-Si(CH3)2-R 

[M(2+.)] +2                                                   [MW/2]  often found in large polycyclic aromatics 

[M(3+.) ]+3                                                    [MW/3]  often found in large polycyclic aromatics 
[M(2+.)  - CH3

.  - H. ] +2                       [(MW-(15+1))/2]  often found in TMS derivatives with only one TMS group 
[M(2+.)  - C4H9

. - H. ]+2                       [(MW-(57+1))/2]  often found in  mono-t-butyl TMS derivatives, (CH3)3C-Si(CH3)2-R 
[M(2+.)  - CH3

. - H. - C2H4 ]+2         [(MW-(15+1+28))/2]  see Vince et. al, also neutral losses of CH3OH, CH3SH, etc.  
[M(2+. ) - CO ]+2                                       [(MW-(28))/2]  see Ueda et. al, also losses of HCN, C2H2 , Br ., HBr, etc. 
 
Steve Stein Suggested more simplistic notation with less unnecessary “electron book keeping”: 
 
[M  -  2CH3]+2                              [(MW-2(15))/2]  often found in TMS derivatives, (CH3)3Si-R   

[M - 2C4H9]+2                              [(MW-2(57))/2]  often found in t-butyl TMS derivatives, (CH3)3C-Si(CH3)2-R 
[M]+2                                                   [MW/2]  often found in large polycyclic aromatics 

[M ]+3                                                    [MW/3]  often found in large polycyclic aromatics 
[M  - CH3

 - H ] +2                       [(MW-(15+1))/2]  often found in TMS derivatives with only one TMS group 
[M - C4H9

 - H]+2                       [(MW-(57+1))/2]  often found in  mono-t-butyl TMS derivatives, (CH3)3C-Si(CH3)2-R 
[M  - CH3

 - H - C2H4 ]+2         [(MW-(15+1+28))/2]  see Vince et. al, also neutral losses of CH3OH, CH3SH, etc.  
[M - CO ]+2                                       [(MW-(28))/2]  see Ueda et. al, also losses of HCN, C2H2 , Br ., HBr, etc. 
 
 
 

 
 
 
 
 
 
 
 
 
 



Example from NIST Reference Spectra 

[M - 2C4H9]+2                       [(MW-(2(57))/2]  =  (454 – (2(57))) /2  = 170  

Note doubly charged peak has no 
apparent isotopes because m/z 455 
from C13 isotope peak for molecular 
ion merged by data quadrupole MS 
data system with 170, thus (455-57-
57)/2 = 170.5 ~= 170 



Example from NIST Reference Spectra 

[M  - C4H9
 - H]+2                       [(MW-(57+1))/2]  = (358 -58)/2  = 150  

Note doubly charged peaks at 
m/z 150 and 151, not single peak 
because presence of chlorine for 
m/z 360, thus (360-57-1)/2 = 151 



Example from NIST Reference Spectra 

[M - C4H9
 - CH3]+2                       [(MW-(57+15))/2]  = (366 -72)/2  = 147  

doubly charged peak  



Example from NIST Reference Spectra 

[M - C4H9
  - Br]+2                       [(MW-(57+79))/2]  = (382-57-79)/2  =  123  

doubly charged peak  



Example from NIST Reference Spectra 

[M  - CH3
  - Cl - CO ]+2                       [(MW-(15+35 + 28))/2]  = (282-57-35-28)/2  =  102  

doubly charged peak  



Example from NIST Reference Spectra 

[M - CH3
  - H]+2                       [(MW-(15 + 1))/2]  = (282-16)/2  =  133  



Example from NIST Reference Spectra 

M+2 

M+3 

M+1 



Comparison of Doubly Charged Ion in Derivatized Versus Underivatized Aromatic 

[M  - CH3
  - H] +2  = [(282-15-1)/2] = m/z 133 

[M] +2  = [(210/2] = m/z 105 

doubly charged peak 
m/z 105  

doubly charged peak 
m/z 133  

MW 210 

MW 282 


