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Selected Ion Fragmentation with a Tandem 
Quadrupoie Mass Spectrometer 

Sir: 

An added dimension of mass spectral information is pro
vided by a tandem mass spectrometer when it is used to create 
ion species from a sample, select one individual ion species, 
fragment it, and obtain the mass spectrum of the fragments. 
Metastable ion peaks and collision-induced dissociation (CID) 
have been used to relate daughter ions and their precursors.1 

Specialized "MIKES"2 instruments have been developed to 
allow systematic acquisition of data on metastable and CID 
fragmentation spectra. The potential of such instruments for 
mixture analysis and structure elucidation is currently being 
explored. These processes are illustrated in Chart I. The second 
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mass separation in MIKES instruments is actually an ion ki
netic energy separation interpreted to provide the fragmen
tation mass spectrum. Impressive sensitivity has been achieved 
with a MIKES instrument3 despite the substantial ion losses 
and the ion energy spread produced by the CID process.4"6 

Data presented here demonstrate that a selected ion frag
mentation mass spectrometer based on tandem quadrupoie 
mass filters is completely practical and that the CID process 
in the quadrupoie instrument is effective and extremely effi
cient. The system consists of, in series, an electron impact (EI) 
ionization source, a quadrupoie mass filter, an "RF-only" 
quadrupoie CID region, a second quadrupoie mass filter, and 
an electron multiplier. The use of quadrupoles for mass sepa
ration provides higher transmission efficiency than magnetic 
sectors operated as the same resolution and mass range,7 and 
unit mass resolution in the CID spectra is easily obtained. 

Tandem quadrupoie mass spectrometers have been devel
oped for the study of ion-molecule reactions.8"10 A center 
RF-only quadrupoie has been added for photodissociation 
studies"'12 and the investigation of long-lived metastable 
ions.13 Prior to this study, however, all of the reported selected 
ion fragmentation work has been performed on reversed-sector 
MIKES instruments.13"6-14 

Experiments demonstrating the practicability of selected 
ion fragmentation in a quadrupoie system have been performed 
on a tandem quadrupoie mass spectrometer12 in the laboratory 
of J. D. Morrison at LaTrobe University, Bundoora, Victoria, 
Australia. The central quadrupoie of three was used as the CID 
chamber by the admission of the collision gas and operation 
in the RF-only mode. The EI source sensitivity was 3 X 1O-5 

A/Torr of cyclohexane (1 ion/105 molecules). Transmission 
through the ion optics into the first quadrupoie was 30%. In 
RF-only mode, quadrupoie transmission was 30%. In mass 
filter mode, transmission dropped to 2.5%. Neglecting CID, 
this gives an overall sensitivity of 1.5 X 1O-9 A/Torr of cy
clohexane (5 ions detected/1010 sample molecules). The se
lected ions emerged from the first quadrupoie and entered the 
CID quadrupoie with a translational energy of 10 V. The RF 
oscillations of the ions in the CID quadrupoie increase the ion 
energy by a few volts. However, the kinetic energy of ions in 
these experiments is very small compared with that of MIKES 
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Figure 1. CID spectrum of the parent ion (m/e 98) of cyclohexanone 
present as 5% of a mixture. 

instruments where ions enter the CID chamber with an energy 
of 3-10 kV. The CID spectra obtained in the quadrupoie in
strument resemble the 14-16-eV EI spectra of the pure com
pounds. Clearly the low translational energy combined with 
the relatively long (~5 X 1O-5 s) residence times of the ions 
in the CID region is sufficient to provide a characteristic and 
relatively rich fragmentation spectrum. 

The efficiency of the CID process is determined by two 
factors, the fragmentation efficiency and the collection effi
ciency. We can let Po and P symbolize the selected ion beam 
current at the entrance and exit of the CID region, respectively, 
and SFj the total current of all fragment ions at the exit of the 
region. The fragmentation efficiency is EF = 2Fi/(P + SFj), 
the collection efficiency is Ec = (P + 2Fj)/Po, and the overall 
CID efficiency is FCJD = 2Fj/P0 = EFEC. The overall CID 
efficiency of the quadrupoie system ranges from 15% for 
benzene to 65% for n-hexane. The CID efficiency of a MIKES 
instrument has recently been reported as <10%.' The collec
tion efficiency in the tandem quadrupoie system is nearly 
100%; there is virtually no scattering loss in the CID process, 
even at the 2 X 10 -4 Torr CID pressure used in these studies. 
(Larger pressures could not be obtained with this instrument.) 
In this system, CID occurs in a strong-focusing quadrupoie 
field; the field-free drift region used for CID in MIKES in
struments produces scattering losses of 90% (collection effi
ciency of 10%) at similar CID pressures.14 

The scattering losses in the MIKES CID chamber increase 
as the mass of the collision gas increases. This has led to a 
preference for hydrogen or helium as the collision gas.6'14 

Because the collection efficiency is nearly 100% in the qua
drupoie CID region, heavier collision gases can be used to in
crease the fragmentation efficiency. Argon shows CID ef
ficiencies three to four times higher than hydrogen in this 
system. 

To demonstrate the mixture analysis capabilities of the 
quadrupoie system, a mixture of cyclohexane and three minor 
components (benzene, n-hexane, and cyclohexanone, each 
present as 5% of the mixture), was analyzed. The mixture 
components were selected to minimize interference between 
fragment ions and molecular ions in the EI spectrum of the 
mixture. This, of course, would not be necessary if a low energy 
ion source such as chemical ionization (CI) were used. The 
CID spectrum of the parent ion of each of the four components 
was obtained; that for cyclohexanone is shown in Figure 1. The 
CID spectra of all of the mixture components are reproducible 
and show good agreement with the CID spectra of the pure 
compounds. On the basis of these results, the probability of 
being able to achieve a highly effective, yet fundamentally 
simple, quadrupole-based selected ion fragmentation mass 
spectrometer seems virtually certain. 

A tandem quadrupoie system for selected ion fragmentation 
is currently under construction in this laboratory. It will have 
a dual CI/EI source and more efficient quadrupoles with a 
larger mass range and be able to tolerate higher CID pressure 
than the instrument on which these experiments were per
formed. The ability to vary the translational energy of ions 
entering the CID region will also be incorporated. This in
strument will be used to further characterize the low-energy 
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CID process and to explore selected ion fragmentation appli
cations in mixture analysis and structural elucidation. 
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