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Recently Meyerson and Vander Haar(l) and Dorman and Morrison(
2

) have 

reported on the occurrence of triply charged ions in the mass spectra of a 

number of aromatic hydrocarbons(l, 2 ) and some derivatives of such hydro

carbons. (l) It is a well known fact( 3 ) that in a Consolidated Electro-

dynamics Corporation Type 21-103 mass spectrometer using a nominal energy 

of 70 volts, triply charged argon ions are observed (I.P. [A+++] 84.3 eV), 

hence electrons can, in a single collision, transfer essentially all their 

energy to an atom or molecule on which they impinge. This ion is formed 

from nominally 70 volt electrons in this instrument because, under normal 

operating conditions, Mlq = 13 113 is scanned at about 3300 volts and with 

repellers of about 1.3% of the ionizing voltage, some 21.5 volts will be 

added to the nominal ionizing voltage, raising the true ionizing voltage 

to over 90 volts. 

No triply charged ions have been obseryed for diatomic molecules and 

none have previously been reported for triatomic molecules. One excellent 

example of the occurrence of a triply charged triatomic molecule does occur 

however, and in the mass spectrum of cs2 run under normal operating condi-

tions in a CEC Type 21-103 mass spectrometer with nominally 70 volt elec-

I I ( +++) % trons, a peak of M q = 25 l 3 cs
2 

occurs with a pattern factor of 0.07o 

of the Mlq = 76 parent and base peak. 

The appearance potential of the Mlq = 25 113 and Mlq 



- 2 - UCRL-10936 

Cs + Kr++ peaks in the mass spectrum of 2 have been determined using He , and 

+++ 
Kr as internal standards, the spectroscopic values of the ionization 

potentials(
4

) of these latter peaks being assumed. The appearance paten-

tials found were 27.4
5 

++ +++ 
± 0.2 eV for CS2 and 53.6 ± 0.5 eV for cs

2 
. 

\ 
In all 

cases, extrapolations to zero ion current were made by following the pro

cedure of Dorman and Morrison(4 ) in which the nth root of the peak height 

is plotted against the ionizing voltage, n being the multiplicity of the 

charge on the ion being observed. Good linear extrapolations over several 

volts were obtained in all cases. 

Comparing members of the series C0
2

, COS, and cs
2

, one finds no detec-

table triply charged ion of co2 . The pattern factor for M/q = 14 2/3 is 

-4m / less than 10 ~ even when scanning M q 14 2/3 at 120 or 150 volts ionizing 

voltage. In COS however, there exists a definite but small triply charged 

ion. As our mass spectrometer is plagued with a small HF background at 

mass 20, identification of cos+++ was achieved from the c13, s 33 and s34 

isotope peaks at M/q = 20 l/3 and 20 2/3 respectively. At ionizing vol-

tages of 120 or 150 volts these peaks are readily discernable, but at 70 

volts they are not discernable at the noise and sensitivity level of our 

amplifier. This allows us to put an upper limit of the pattern factor 

for COS+++ of 0.0007% for 70 volt electrons. With 120 volt electrons 

however, the pattern factor of COS+++ is about '0~00,2% ·compai'ed' to .M/q 60 

run at 70 volts. 
+++ 

Thus one can say that the occurrence of COS is at 

least a factor of 100 less than that of cs;++. 

Another small molecule in which a triply charged parent ion has been 

observed is cyanogen. 
+++ 

The ion c
2

N2 at M/q = 17 l/3 at ~0 volts nominal 

ionizing voltage has a pattern factor of 0. ooo.5%I compared': to "the. parent and 
~ 

base peak at M/q =52. At 120 volts nominal ionizing voltage the pattern 
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factor of M/q = 17 1/3 is 0.002%. 

One can conclude from the occurrence of these examples that there 

exist stable states of triply charged ions of even small molecules provided 

there is a sufficient number of non-bonding or delocalized electrons in the 

molecule. In the case of cs
2 

and c2N2 the symmetry of the molecule may 

also provide considerable resonance stabilization to the triply charged 

ion. 
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