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Triple-quadrupole (QQQ) tandem mass spectrometry (MS/MS) is used for the analysis of multicomponent mixtures [1]. The analysis makes use of

3.

the collisionally activated dissociation (CAD) of
"parent" ions. A "parent" ion may be a molecular
radical cation, a protonated molecule, or a

2-

"progeny" fragment ion (daughter, granddaughter,
etc., produced by the CAD of a larger precursor
now001 ant
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parent ion). A "parent" ion selected by the first

an

quadrupole (Ql) interacts with a target gas within
the second quadrupole (Q2). Q2 channels undissociated "parent" ions and "progeny" fragment ions
into the third quadrupole (Q3) for mass analysis.
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Figure 2. Calibration curves for the short capillary column
NCI(i-C 4 H1o)-SIM(227),
NCI(CHI)-SIM(227)
and NCI

(NH:) - SIM(227)quantitation of TNT.

The instrument thus produces a CAD spectrum of

B denotes the response of the acetone blank.

each initially selected "parent" ion.
But XQQ instruments (QQQ, BEQQ, etc.) are
complex ion-optical devices [2-B]. So the choice of

*

indicates the LOD.

parameter settings and/or of instrument design can
provide a distorted view of the molecular dynamics of the CAD process (e.g., if there are scattering
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losses due to poor ion containment within Q2,
fringing fields between Q2/Q3, etc. [2-8]). So one
observes instrument-dependent CAD spectra.

The key MS/MS parameters are:
1) the "target thickness"=(actual path length
traversed by the ion in its complex oscillatory tra-

jectory through the gas target) X (effective number
density of the CAD target gas);
2) the type of target gas (influences the extent of
energy transfer);
3) the center-of-mass interaction energy, Ecm;
4) the energy level of the analyzing quadrupole
Q3 relative to that of Q2;
5) the Mathieu parameter q2 (rf voltage of Q2)

and restrictive interquadrupole apertures of diameter < 1.4 ra; and
6) differences in mass-dependent
gain of ion detectors.

conversion

For any one molecule, these key MS/MS parameters can cause the relative intensities among its var431
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ious progeny ions to differ significantly when measured in different XQQ instruments.
This was clearly demonstrated in a recent international round robin [9] wherein very different
CAD spectra were observed for the same molecule.
That is, the relative intensities measured in different QQQ instruments for any given pair of progeny
ions differed by factors ranging into the hundreds,
even though the same nominal operating conditions
were supposedly used in each of the QQQ instruments. So a CAD spectrum of a given species in
one XQQ instrument presently cannot be used to
identify and quantitate that same species in a different XQQ instrument. Moreover, real-time trace
analysis often involves unknown transient species

= rr[B]L

of the CAD dynamics (i.e., dynamically correct
branching ratios, no back reactions, no impurity reactions, no scattering losses, minimal fringing
fields, no mass discrimination, well-defined gas
target, etc.). Instrument designs which are incompatible with these requirements cannot provide dynamically correct performance. A dynamically
correct instrument is kinetically well behaved if the
a derived from eq (1) equals the o- from eq (2) for
a charge transfer reaction with a= 1. Charge transfer reactions are dynamically equivalent to a

(e.g., reactive environmental pollutants and/or
products of their photooxidation). Characterization
of such species would be facilitated if one could do
spectral matching against a generic, instrument-in-

dependent MS/MS CAD spectral database comprised of known ionic substructures (see [10,11]).

To obtain standardized instrument-independent

"worst-case" CAD reaction system because they

CAD spectra, one must make appropriate corrections for ion-optical effects within each XQQ structure. To do so, one must provide a dynamically
correct basis for selecting the key MS/MS parameter settings within each XQQ instrument.
The reactivity (kinetics) of a molecular system is
an intrinsic and generic (transferable) property of
that system. So the kinetics (reaction mechanisms
and rate coefficients) of selected ion-molecule reactions can be used as molecular probes to determine

take place at large impact parameters with nearzero momentum transfer.
Work from this lab [10,12-14] has demonstrated

that dynamically correct branching ratios a, 8.

,

etc., can be measured in our kinetically well-behaved QQQ instrument [15] when the key MS/MS

properly
selected.
are
parameters
a+/3+y+"+E
N2+(SF6 ,N2 )SF+(x=lI-5),

For
I.0

when a- derived from eq (1) equals a, from eq (2),
(3), etc. [14].

which combination of key MS/MS parameters

[10] and
Our a values for Ar+(Ar,Ar)Ar'
Ne+(Ne,Ne)Ne+ [12] agreed to within + 10% with
experimental and theoretical results from the literature. So the largest absolute uncertainty in the effective target thickness {[B]L}, and therefore in
our o- values is probably on the order of ±+10%.
This ±+10% error estimate is consistent with our
observations that deviations from linearity in In W
vs P plots occurred only when single-collision conditions were exceeded. So single-collision conditions must be used if one is to develop and use a

provide dynamically correct branching ratios for
the CAD of polyatomic ions. To do so, all measurements must be made under pseudo-first order,
single-collision conditions such that the following
kinetic relations are applicable within a reaction

zone of length L.

For A'+BsC++±S
D+ +T

(3)

etc.
Equations (1)-(3), etc., place severe constraints [11]
on the selection of the key MS/MS parameter settings. The key requirement, however, is that the
XQQ instrument must have a dynamically correct
design. That is, the design should make it possible
to adequately control the key MS/MS parameters
to provide an undistorted (unbiased) representation

[a-r]
[/3cr]

etc.

generic, instrument-independent MS/MS CAD

(o-=total cross-section; branching ratios

spectral database [10,11].
The NBS Round Robin will provide a "zerothorder" assessment about which XQQ instruments
have dynamically correct designs, and therefore
may be well suited for the generation of standardized reference CAD spectra. A test protocol is being formulated. It will involve: i) the in-situ target
thickness calibration of each participant's XQQ instrument {by using eqs (1) and (2) with our a for

a+,G+'y+ ... =1),
In Y-In{[A+]o/[A+]I=oa[B]L
and

In W.-ln {a[A+]d/(a[A+]o-[C+])}
= oa[B]L
432
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Ar'(Ar,Ar)Ar~ [10] to determine the target thickness [B]L }, followed by ii) the experiment associated with figure 1(a) of [9].

miately one minute. The suite of elements included
Al, As, B, Ba, Be, Cd, Co, Cr, Cu, Hg, Li, Mn, MO,
Ni, Pb, Se, Sr, V, and Zn.

References

Experimental

[1] Yost, R. A., and Fetterolf, D. D., Mass Spectrom. Revs. 2,
1(1983).
[2] Dawson, P. H., Quadrupole Mass Spectrometry and its
Applications, Elsevier, Amsterdam (1976).
[31Dawson, P. H., Adv. Electronics Electron Phys. 53, 153
(1980).
(4] Dawson, P. H., Int. J. Mass Spectrom. Ion Phys. 20, 237
(1976).
[5] Dawson, P. H., and Fulford, J. E., Int. J. Mass Spectromn.
Ion Phys. 42, 195 (1982).
[61 Dawson, P. H., French, J. B., Buckley, J. A., Douglas, D.
J., and Simmons, D., Org. Mass Spectroni. 17, 205 (1982).
[71 Dawson, P. H., French, J, D., Buckley, J. A., Douglas, D.
J., and Simmons, D., Org. Mass Spectroma. 17, 212 (1982).
[8] Shushan, B., Douglas, D. J., Davidson, W, R., and Naeson,
S., Int. J. Mass Spectrom. Ion Phys. 46, 71 (1983).
[9] Dawson, P. H., and Sun, W.-F., Int. J. Mass Spectrom. Ion
Processes 55, 155 (1983/1984).
[10] Martinez, R. I., and Dheandhanoo, S., J. Res. Natl. Bur.
Stand. (U.S.) 92, 229 (1987).
[III Martinez, R. I., Rapid Commun, Mass Spectrom. (1987), to
be submitted.
[121 Martinez, R. I., and Dheandhanoo, S., Int. J. Mass Spectrom. Ion Processes 74, 241 (1986).
[131 Martinez, R. I., and Dheandhanoo, S., lnt. J. Mass Spectronm. Ion Processes, in press.
[14] Martinez, R. I., and Ganguli, B., Int. J. Mass Spectrorn. Ion
Processes, to be submitted.
[151 Martinez, R. I., Rev. Sci. Instrum., in press.

Isotopes for analytical measurements were selected based on freedom from isobaric interferences, whenever possible. Experimental conditions
were chosen to minimize both multiply charged
and molecular ions.
Samples were run directly, after field filtration
(0.45 jtm) and preservation with ultrahigh purity
nitric acid. To maximize measurement precision,
samples were peristaltically pumped to a modified
Babington-type nebulizer. Operating conditions of
both the plasma and spectrometer are listed in
table 1. Optimum ion lens settings varied from element to element as determined by simplex optimization techniques. Compromise settings were
selected to facilitate multielement determinations.
Ion currents were measured in the "multielement" mode with a 0.25 second measurement time
and 5 replicates. Low resolution conditions were
selected with intensity measurements made at 3
points on each peak.
Table 1. Operating parameters

RF Power
Plasma Ar tlowN
Aux. Ar flow
Aerosol Ar flow%
Sample delivery
Ioll lenses
Barrel
Stop
Einzels
Plate

Assessment of the Analytical
Capabilitiesof Inductively Coupled
Plasma-MassSpectrometry

1.2
13
1.4
0.5
1.8

L/min
L/min
L/mini
mL/min

4.3

V.D.C.

kW

- 5.2 VD.C
- 13
V.D1.C
- 14
V.D.C.
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Representative calibration curves are shown in
figure 1 for selected representative elements Cd,
Cr, Cu, Ni, and TI. The curves are linear over at
least four orders of magnitude. Similar curves were
obtained for each of the other elements. Under
these operating conditions, background currents
were on the order of 10 counts per second.
Optimally, a coefficient of variation of 5% is obtained at a concentration of approximately 10 jig/L
for each element. Below this concentration, the co-

A thorough assessment of the analytical capabilities of inductively coupled plasma-mass spectrometry was conducted for selected analytes of
importance in water quality applications and hydrologic research. A multielement calibration
curve technique was designed to produce accurate
and precise results in analysis times of approxi433

