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

»Doubly charged ions routinely noted in electrospray LC-MS

»However, can be seen in many El 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
guadrupole 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



References for PowerPoint

Unusual Doubly Charged lon in El Spectrum of Phosphate, J Little Web Site

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

phosphate/

8. Appearance energies of singly, doubly, and triply charged coronene and corannulene jons produced by electron impact
Q QuickView [ Other Sources

By Denifl, 5.; Sonnweher, B.; Mack, .; Scott, L. T.; Scheier, P.; Backer, K.; Maerk, T. D.

From International Journal of Mass Spectrometry (2006), 245/250, 353-358. | Language: English, Database: CAPLUS

Electron impact ionization near threshold has been studied for the polyarom. hydrocarbons coronene and corannulene using a high resoln. electron monochromator in conjunction with quadrupole mass
spectrometry. The mass spectra detd. at an electron energy of 100 eV show a rich fragmentation pattern (particularly for coronene) including the presence of multiply charged mol. cations for both compds. For
the singly and multiply charged parent ions of coronene and corannulene we present the ionization efficiency curves near threshold from which the corresponding appearance energies (AEs) are detd....

13. Doubly charged ions in the electron jonization mass spectra of 4,6-di(substituted)amino s-triazines
Q QuickView [ Other Sources

By Vincze, A.; Yinon, 1.; Peres, T.; Lifshitz, C.

From International Journal of Mass Spectrometry (1999), 192, 99-109, | Language: English, Database: CAPLUS

Electron-ionization mass spectra of the title compds. show intense peaks due to doubly charged ions. These ions have great anal. significance for the screening of these herbicides. The ions [M-2CH, [ reach
25%-30% of the base peak at 70 eV. The origin of these ions and their modes of fragmentation were studied via high-voltage scans and MIKE spectroscopy on a reverse-geometry double-focusing mass
spectrometer. The doubly charged parent ions of the title compds. behave like diradicals and undergo a-cleavage reactions at the 2 substituted exocydlic amino groups with prevailing Me loss. The...

16. Electrostatic repulsion between localized charges on hetero-atoms in a doubly charged ion and mechanism of lonization and fragmentation. Electron impact mass spectra of benzanthrone, 1-azabenzanthrone, 8-
azabenzanthrone and their 3-bromo substituents

Q QuickView [ Other Sources
By Ueda, Toyotoshi; Abliz, Zeper; Iwashima, Satoshi; Aoki, Junji; Kan, Teruo
From International Journal of Mass Spectrometry and Ton Processes (1983), 88(2-3), 175-96. | Lanquage: English, Database: CAPLUS

Electron impact mass spectra and ionization efficiency curves of fragment ions were taken for benzanthrone, 1-azabenzanthrone, 8-azabenzathrone, 3-bromobenzanthrone, 3-bromo-1-azabenzanthrone, and 3-
bromo-8-azabenzanthrone. The main fragmentation reactions were the elimination of CO and subsequently of HCN from the mol. ion M+ (i = 1,2) based on the observation of metastable ions and the value of
appearance energies of fragment jons. The intensity of 2 doubly charged ion [M-CO-HCN (or CH, in benzanthrone)J* compared with an ion (M-CO}* is strong for 8-azabenzathrones, intermediate for 1-...
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Example of “lonic Abbreviation Used in PowerPoint”
[M - 2CH,]*2

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

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

Marme:?0xidized Irgafos 1687 SMILES:CC{C){Cic3ccc{0P{=0}{0clccc{cclC

100 57

"Phosphate”
Chemical Formula: CyHg04P
Exact Mass: 662.4464




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

[M(2+) - 2CH;] *2 [(MW-2(15))/2] often found in TMS derivatives, (CH,);Si-R

[M(2+) - 2C,Hq]*? [(MW-2(57))/2] often found in t-butyl TMS derivatives, (CH,),C-Si(CH;),-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+) - CHy - H-]*2 [(MW-(15+1))/2] often found in TMS derivatives with only one TMS group
[M(2+) - C,Hg - H-]*2 [(MW-(57+1))/2] often found in mono-t-butyl TMS derivatives, (CH;),C-Si(CH,),-R
[M(2+) - CHy- H-- C,H, 12 [(MW-(15+1+28))/2] see Vince et. al, also neutral losses of CH;O0H, CH,SH, etc.
[M(2+)-CO ]*? [(MW-(28))/2] see Ueda et. al, also losses of HCN, C,H,, Br-, HBr, etc.

Steve Stein Suggested more simplistic notation with less unnecessary “electron book keeping”:

[M - 2CH,]*? [(MW-2(15))/2] often found in TMS derivatives, (CH;),Si-R

[M - 2C,H,]*? [(MW-2(57))/2] often found in t-butyl TMS derivatives, (CH,),C-Si(CH;),-R

[M]*2 [MW/2] often found in large polycyclic aromatics

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

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

[M - C,Hq- H]*? [(MW-(57+1))/2] often found in mono-t-butyl TMS derivatives, (CH,);C-Si(CH,),-R

[M-CH;-H-CH, ]*?  [(MW-(15+1+28))/2] see Vince et. al, also neutral losses of CH;0H, CH,SH, etc.
[M-CO ]*2 [(MW-(28))/2] see Ueda et. al, also losses of HCN, C,H,, Br-, HBr, etc.



Example from NIST Reference Spectra

[M-2C,H,]*?2 [(MW-(2(57))/2] = (454 —(2(57))) /2 =170
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!
/ L\NH

Note doubly charged peak has no a
apparent isotopes because m/z 455
from C13 isotope peak for molecular
g ion merged by data quadrupole MS
data system with 170, thus (455-57-
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[ILinteresting] 2,7-Dhamino-9H-xanthen-3-one, N M-bizltert-butyldimethlsilyl]-

260 280 300 320 340

0

380

400 420 440 4ED

Mame: 2,7-Diamino-9H-xanthen-9-one, M, M"big(tert-butyldimethylziyl)-
Formula: CagHaaM 202510
w454 Ewact Mazs: 45424718 [DH: 74 DE: ||_interesting

Cornrnert: [R1:3437.8] AMDIS_Name="Component at scan 1164 [27.634 min) [Model = +337u] in F:A_GCMS_KIRILLASITEC_DRADATAFILESA20TEMI3MAR 20184201 8-03-23020217_TB_RZDMDAT A MS"

Related CASH: 19706548
InChikey: MWBAKT TWHCGMCU-UHFFFADYSA-N  Mon-steren
Statuz: Accept | 2001 8-05-15-22:14:06 | James Little | ok, doubly charged ion at 170 b+ b+ - 2C4HS.

Synonyrs:
1THIN=20217_T8H;




Example from NIST Reference Spectra

1004 3t
[M - C,H,- H]*2 [(MW-(57+1))/2] = (358 -58)/2 =150
C N \
D
HH
54 \“s/
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
- 150 358
193 13 2685
29
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[iLinteresting] 3-[5-Chloro-1,3-benzoxazal-2-pljphenylaming, M-[tert-butyldirnetbglziyl]-

2030 40 ED B0 70 BD 50 100 110 120 120 140 150 180 1?D 180 190 200 210 220 230 240 250 260 270 280 290 SDD 31D 32D 330 340 /0 360

Mame: 3{5-Chlara-1,3-benzokazal-2-wlphenylaming, M-[tert-butyldirmethylsil)-
Eormula; CqgH23CM205i
At 358 Ewact Mags; 308126818 10H: 75 DE: j_interesting

Cornment: [R1:2735.3] AMDIS_Name="Compaonent at zcan 1887 (21.610 min] [Model = +307u] in F-4_GCMS_KIRILLAYSI7SC_DR4DATA-FILES,20158403-MAR-201852018-03-28420233_TB_R2.DADATAMS"

Related CASH: 293737776

InChik.ey: COMIUFGMOBREA-UHFFFADYSA-N  Non-steren

Status: Accept | 2018-058-15-22:48:42 | James Little | ok, doubly charged ions [chlorinated) at 150, 151 for M+, M+, - C4H3. -H.
Svnonyms:

1 #IN=20233 TB:




Example from NIST Reference Spectra

[M - C,Hg - CH,]*2 [(MW-(57+15))/2] =(366-72)/2 =147
100 304
O
0 \\_//
£ doubly charged peak 104
147 366
. 136
.2|? ||| ||||||| B3 il |I II... I‘Ih?lil .1%.0. I||||| I 154 ||JJ 176 188 136 208 2?0 2$E 2?.1 283 278 2?3 . ‘u 335 351 .I

20 30 40 50 B0 70 80 90 100 110 120 130 140 150 160 170 190 190 200 210 220 230 240 250 260 270 280 290 300 310 220 330 240 350 360 270 2
(iLinteresting) 2-[4sopropylphenyl]-1,3-benzorazal-5-amine, N-tart-butyldimetbplzi)-
Mame: 2-[4-sopropylphenyl)-1,3-benzoxazal-5-amine, M-[bert-butwldimethylziy))-
Formnula: CooHapM 2050
b 366 Exact Mazs: 36621274 |DH: 72 DB: || interesting

Comment: |RI:2834.8) AMDIS_Mame="Component at scan 2887 [22.713 min) [Model = +309u] in F\_GCMS_KIRILLYGS7EC_DRADATA-FILESY2018503-MAR-201 88201 8-03-16820252_TB . DADATA M5
Related CASH: 5301268875

InChiKey: OPFZDDCPIRJJIE-UHFFRADYSA-M  Non-steren

Status: Accept | 2015-05-15-19:40:42 | James Little | ok, doubly charged 2t+.-C4H9.-CH3., don't understand doubly charged 1407

Synonyms:

1. #IN=20252_TE: 2 5-Benzoxazalaming, 2-[4-[1-methplethpllphengl]-, N-tet-butyldimeathylsiyl)-:




Example from NIST Reference Spectra

[M-C,Hq - Br]*2 [(MW-(57+79))/2] =(382-57-79)/2 = 123
100 e
Er A M
XNH\
5
s
5 —
73 EE| doubly charged peak
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(iLinteresting) 5-[4-Bromobenzyl]-1.3-thiazol-2-amine, TEDMS derivative

MName: 5-{4-Bromobenzyl]-1.3-thiazol-2-amine, TBOMS derivative

Formuls; £gH2zBM 2550

M 382 Evact Mass 38205346 |0#: 66 DE: j_interesting

Comment: [R1:2506.9] AMDIS_Mame="Component at scan 2437 [19.933 min) [Model = +327u] in F:\_GCMS_KIRILLYA97EC_DRADATA-FILESY2018403-MAR-201842018-03-16420226_TB.DADATA MS"
Belated CASH: 327062464

InChikey: WEMEIMHOPT-UHFFFAOYSA-M - Mon-steren

Statuz: Accept | 2018-05-15-14:41:33 | J ames Little | ok, doubly charged ion at m/z 123 M+, M+.-C4H9.-Br. 7

Sunonyms:

1.#IN=20226_TE:




Example from NIST Reference Spectra

[M-CH; -CI-CO ]+2 [(MW-(15+35 + 28))/2] =(282-57-35-28)/2 = 102
100 a7
282
7 doubly charged peak
/ o
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A \‘s/
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[iLinteresting] 4-[Chloromethwl]-7-bwdrosy- 2H-chromen-2-one, trimetbglzilyl ether

Marme: 4-[Chloromethyl)-7-hpdrosy-2H-chromen-2-one, trimethylzlyl ether o
Formula: C13H15CI045i

b 282 Exact Mazs 2820473 |D#: 56 DB: jl_interesting

Comment:; [R1:2167.1] AMDIS_Mame="Component at scan 2139 (17,144 min) [Model = +267u] in F5\_GCMS_KIRILLASIPEC_DRYDATA-FILESS2018503-MAR-201842018-03-1 1 20281_T.DADAT A MS"
Belated CASH: 25352410

InChikew WOHYQMWWwWIKEH-UHFFEADYSA-M  Hon-steren

Status: Accept | 2018-05-15-08:57:54 | James Little | ok, doubly charged at 102, b+, M+, -CH3.-Cl. -CO77

Senonyms:

1 #IM=20281_T; 2 44{Chlaromethyl}-7-hpdrosycoumarin, trimethylzilyl ether;

m

Inwentory number : 20281




Example from NIST Reference Spectra

[M- CH, - H]*2 [(MW-(15 + 1))/2] = (282-16)/2 = 133
10 %7
NH—Si—
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A+
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[il_irteresting] 3-[2-Eenznxazol}ll]benzenamlne, N-tnmethylsdyl-

Hame; 3-[2-Benzornazolillbenzenamine, M-trimethwlzilpl-
Eormula: E1gH1aM205i
kS 282 Exact Mass: 28211884 |DH: 55 DR | interesting

Comment: |RI:2286.7] AMDIS_Mame="Component at scan 2307 [18.172 min] [Model = +267u] in F:A_GCMS_KIRILLASSTEC_DRADATAFILES 201 8403-MAR-201845201 8-03-13820233_T.DADATA M5"

Fielated CASH: 293737776

InChikey: JEHAWULHEDJRFM-UHFFRADYSA-N  Non-stereo

Status: Accept | 2018-05-14-23:14:00 | James Litde | ok, could doubly charged ion at 133 be be onizied molecule minus methyl and hydrogen radical?
Synohyms:

T HIN=20233_T: 2 31.3-Benzoxazal-2-yl)aniline, M-trimethylzilyl-:

Inventory nurmber @ 20233



Example from NIST Reference Spectra

P oy sau o an gy v v o it s i

MName: Coronene

10H e Formula: CagHq 2

ML b 300 Exact baze: 300.0939 CASH: 191-07-1 MISTH: 14327 |D#: 37382 DB: replib
M2 Otker DBs: Fine, RTECS, HODAC, HIH. EIMECS
\ Contributor, EOMINELIEE SHELL LABORATORIUM AMSTERDAM
InChikey YPUGDWESADWEFS-LIHFFFATYSA-N  MNon-steren
10 largest peaks:
00999 1506361 143461 301 246] 148 236|
50 298162 293102] 296 56| 147 BO| 100 46|
Sunonyms:
1 Hexabenzobenzene; 2. Dibenzalghipar)pemlens;
i Experimental Bl mediantdeviation [#datal
Standard non-polar: 3438+1 (B)
M3 Estimated non-polar retention indes [n-alkane scale):
Walue: 3183 i
Confidence interval [Lov reliability]: 174[50%) 752(95%) iu
Betentio index.
1. Walue: 549.07 iy
m 100 Coalumn Type: Capillary
536271 A0 i 123 i lm 173186 202 271 245 27B Calumnm Class: Semi-standard non-palar
O pd T ) ! el t T T T T T by sl Active Phaze: HP-5MS
40 B0 80 100 120 140 160 180 200 220 240 260 280 300 Column Lengfh: M0m
[replib] Coronene Carier Gas: He
Plot/Texd of Hit A Flotof Hit 7
Mame: Coronene -
10 300 Formula: Co4Hq2

b 300 Exact Mass: 300.0939 CASH: 191071 NISTH#: 151264 IDH: 247702 DE: mainlb
Other DEs: Fine, RTECS, HODOC, MIH, EIMECS
Contributor; Chemical Concepts
InChikey: YPUGDWESAQVEFS-UHFFRADYSA-M  Mon-stereo
10 largest peaks:
300999 150320 201 248 1492221 298168
148110 299107 296 54| 297 49| 02 42
Sunonyms:
1.Hexabenzobenzene; 2.Dibenzolghi parpenlene;

m

2 Experimental Bl mediantdeviation [#data)

Standard non-polar: 3498+1 [B]

E stimated non-polar retention index [n-alkane scale]:

10 Value: 7163 i

Confidence interval (Low reliability]: 174[50%) YH2[35%] iu

Beterntion indes,
1. Walue: 543,07 iu
Calurin Type: Capillary
o 'IIIJEI 122 168 299 246 ZEG Column Class: Semi-standard non-polar
. T . f T s llley r : } r ¢ r Lictive Phase: HP-EMS
a0 B0 80 100 120 140 160 180 200 220 240 260 280 300 Column Lengthe 30 m

[mainlib] Coronene Carrier Gaz: He

Plot/Text of Hit A Plot of Hit f




Comparison of Doubly Charged lon in Derivatized Versus Underivatized Aromatic

[M - CH; - H]*2 = [(282-15-1)/2] =m/z 133
N

NH—S——
‘ 22
5] doubly charged peak ‘ .
m/z 133 \ ; /
133
- 73
® 126 135 159 17 &
S 84 91 120 146 265
o na = ke w2l p Baet e e, rogp T I Low I T R e e B H, ! il 1l
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il_interesting] 31 rzenaming. N-trimethulsivl “1R1:2286. 7| AMDIS Mame="Companent at scan 2307 (18.172 min Model = +267ul in Fy GEMS KIRILLYSI7SC DRADATAFILES\201 8803 MAR-201842018-031 3420233 T.DADATAMS™
1004 210
[M]*2 =[(210/2] = m/z 105
HHZ

)
. doubly charged peak \{I )
m/z 105 °

118 183
105

154
B e s | m o | e 13, 1ﬂwu 137 140 144 1 165 169 VB“ L 191 1% ],
() a0 100 110 120 iE] 140 150 160 170 el 130 200 2 220 230 241 il 260 270 280 290

39
51
sg L[4 e ) i
40 50 B0

N




