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.The new technique of tandem-m~ass spectrometry (MS/I(S) has been
investigated, in particular for the analysis of complex organic
mixtures for trace components. Applicability, limitations, and
improvements studied include those involving sensitivity, specifibty,
accuracy, speed, and identification of unknown components. The
technique has been applied to important problems in targeted com-
pound analysis, targeted class analysis, molecular structure deter-
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20. ABSTRACT CONTINUED

mination, and unimolecular ion decomposition mechanisms. A unique
tandem double-focusing mass spectrometer has been constructed, im-
proved, and applied to these research problems.

Statement of the Problem

For complex mixture analysis, the need for methods of improved
sensitivity, accuracy, specificity, and speed whici are capable of
continuous automatic monitoring is well known. Potential fields of
application include many of critical importance, such as the detec-
tion of toxic substances, pollutants, and explosives, and the
identification of adulterants or degradation products in foods,
textiles, and construction materials. The potentialities of tandem
mass spectrometry (MS/MS) for such problems have attracted a great
deal of attention in the last few years, and there has been an ex-
plosive growth of unique applications as well as instrument cap-
abilities and fundamental understanding of the underlying principles.
MS/MS can be thought of as a two-dimensional "separator/identifier"
system similar to the well-known combined techniques of gas and
liquid chromotography/mass spectrometry (GC/MS and LC/MS). MS/MS
is particularly advantageous for the analysis of specific organic
compounds in complex mixtures. The targeted compound is selective-
ly ionized, and its characteristic ions are separated from most
others of the mixture in the first mass spectrometer (MS-I). The
selected primary ions are then decomposed by collision, and from
the resulting products the final mass analyzer (MS-II) determines
secondary ions characteristic of the targeted compound, There was
overlapping support of this research by NIH grant GM16609, under
which there was special emphasis on MS/MS for analysis and structure
elucidation of high molecular weight compounds of biomedical
significance.

Summary of the Most Important Results

Construction of a unique tandem double-focusing instrument was
completed, and this has recently been modified for high mass cap-
abilities and improved reliability. This is still the only in-
strument of its kind in the world for such MS/MS research. Its
high resolution capabilities for both MS-I and MS-II, the unusually
high ion kinetic energies possible for collisionally activated de-
composition (CAD), and the unusual efficiency of its unique molec-
ular beam collision region, have been utilized in a variety of
analytical and research applications. The 37 cm, 23 Kgauss MS-II
magnet has a higher mass range than any commercial "single MS" (as
well as MS/MS) instrument; the new 60 cm, 23 Kgauss MS-I magnet has
four times the mass range of the very recent commercial "high mass"
instruments, and 16 times the mass range of most others.

Publications resulting from this research have included several
review articles publicizing the potentiality of the method, and a
forthcoming book on "Tandem Mass Spectrometry." Applications have
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included direct analysis for targeted compounds at trace levels and
for targeted classes of compounds. A sampling technique for con-
tinuous liquid introduction, developed earlier in this laboratory
as an LC/MS interface, has been investigated as a possible improved
method for the ionization of nonvolatile compounds through submicro-
second solution vaporization. Research on underlying principles
includes the decomposition mechanisms of even electron ions, which
can be a primary process in MS/MS in contrast to the situation in
normal mass spectra, isotopic abundances in CAD mass spectra of
ions containing polyisotopic elements; structural elucidation of
more complex molecules; and basic chemistry of unimolecular ion
decomposition processes.

An extensive investigation, as yet unpublished, has been made
on instrumentation configurations which would give MS/MS with a two-
dimensional real-time display of both the MS-I and MS-II results.
A possible design incorporating tandem time-of-flight mass spectro-
meters has been proposed, and a variety of details of the design
have been worked out. Further refinement and actual construction
are proposed in the application for renewal of this grant.
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