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Selected Fragment Scans of Mass Spectrometers in
Direct Mixture Analysis

Sir:
The analytical applications of mass spectrometry derive

largely from information on fragmentation reactions of the
general type

m1+—+m2++m3 (1)

Conventional mass spectra, whatever the ionization method,
present abundances integrated over all those reactions which
yield each individual product ion. The importance of meta-
stable ions is that particular reactions are examined.! When
two independent analyzers are employed to study metastable
ions (or the analogous collision-induced dissociations), then
two quantities in eq | can be specified uniquely. Methods are
available which allow scans to be made for fixed m;* (detection
of all fragments m,* from a selected parent ion)? and for fixed
m»* (detection of all precursors m;* of a selected fragment
ion).>* Selection for either m;™ or m>™ can be achieved by
scanning a single analyzing field given an instrument of ap-
propriate (reversed) geometry.’

We now report the first examples® of a new method of
scanning mass spectrometers such that the neutral fragment
mass, m3, is constant. This procedure allows compounds with
particular functional groups to be directly detected in complex
mixtures. As such, it should prove complementary to mass-
analyzed ion kinetic energy (MIKE) scans which allow indi-
vidual compounds to be determined.” The new procedure
maximizes the chemical information by selecting only ions
which undergo a specified reaction. For example, all anions
which undergo the loss of a neutral fragment of 44 mass units
can be detected in a single scan (Figure 1); since this reaction
is characteristic of carboxylic acids,® one has an immediate
indication of the presence and molecular weights of any car-
boxylic acids in a sample.
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Figure 1. Comparison of the chemical ionization mass spectrum (CIMS)
(isobutane, negative ions) with a scan which selects ions which undergo
the reaction m;~— — m,~ + 44. The sample consisted of a mixture con-
taining barbituric acid (M — H)~ 127), glutaric acid (M — H)~ 131),
and p-nitrobenzoic acid (M~- 167).

The experiment consists of operating a dual analyzer mass
spectrometer—in our work a reversed sector instrument,
magnetic sector followed by electric sector—under computer
control so that the two sectors are scanned in concert. In a
typical analysis two spectra are acquired. The first is a normal
mass spectrum of the mixture. The second, a selected fragment
scan, employs active computer monitoring and control of the
instrument. In the selected fragment scan mode the computer
monitors the magnetic field as it is scanned, calculates the mass
of the ion being transmitted by the magnet, and continuously
sets the electric sector voltage to pass the appropriate mo*,
Either my™ can be held constant (selected fragment ion)!° or
mj3 can be held constant, my* = m;* ~ constant (selected
neutral loss).

Mass spectra are most easily interpreted by examination of
the neutrals lost from the molecular ion or quasi-molecular ion
(M + H)*, (M ~ H)™, etc.), hence the usefulness of the
present method of scanning at fixed ms in the identification
of functional groups. Figure 2 shows a neutral loss scan for
another mixture containing carboxylic acids. Note that, in both
the negative (Figure 1) and the positive ion spectra (Figure 2),
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Figure 2. Comparison of the CIMS (isobutane, positive ions) with a scan
which selects ions which undergo the collision-induced reaction m;* —
m,* + 18. The sample consisted of a mixture of benzoic acid (MH* 123),
m-benzoic acid-d (MH™ 124), glutaric acid (MH* 133), 4-hydroxyben-
zoic acid (MH* 139), and p-chlorobenzoic acid (MH* 157, 159). The
scan rate in the selected fragment scan was | s/amu.
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the only ions which appear in the neutral loss scan are those
due to individual carboxylic acids.

A particularly significant extension of the experiment uti-
lizes a combination of chemical and physical methods in es-
tablishing the presence of particular classes of compounds and
the molecular weights of individual members of each class. This
is done by derivatizing the entire sample using a reagent which
is both chemically selective for the class of compounds in
question and which can be readily identified in a subsequent
selected fragment scan by monitoring either a characteristic
neutral loss or fragment ion. A sequential chemical and spec-
troscopic test is thus imposed and the selectivity of the analysis
is greatly increased.

A complex mixture containing six alcohols and phenols as
well as numerous aliphatic and aromatic hydrocarbons was
chosen to test the principle of this combined chemical and
physical screening procedure. The entire sample was treated
with a trimethylsilylating reagent to form the trimethylsilyl
(TMS) derivatives of those compounds bearing OH groups.
The complexity of this mixture resulted in a peak at every mass
in the CIMS. The OH functional group was nevertheless
identified by a selected fragment scan obtained so that my*,
the charged fragment, is constant. This was done by selecting
73%, a prominent fragment ion observed on collision-induced
dissociation of TMS derivatives. The scan of the derivatized
mixture for 73* gave prominent responses for all of the original
alcohols and phenols.

Figure 3 illustrates another example of functional group
recognition using derivatization and selected fragment scans.
A mixture of substituted phenols, dinitrobenzene, anthracene,
and other compounds was acylated with acetyl chloride in
pyridine. The reaction mixture was introduced directly into
the mass spectrometer and a scan made for all ions which un-
dergo loss of a neutral fragment of mass 42. As is evident from
the figure, all the derivatized phenols give significant responses.
This experiment therefore provides a necessary but not suffi-
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cient condition for establishing these constituents as phe-
nols.

The procedures employed here are likely to simplify and
enhance the use of mass spectrometry alone in the analysis of
complex mixtures. Screening for particular functional groups
seems to be as readily achieved as screening for individual
compounds.!? Most of all, the results demonstrate the excep-
tional versatility of mass spectrometers in chemical anal-
ysis.
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Para-Directed Aromatic Reactions over
Shape-Selective Molecular Sieve Zeolite Catalysts
Sir:

We have found that it is possible to alkylate or dispropor-
tionate certain monosubstituted benzene compounds to achieve
nearly 100% selectivity to para-disubstituted derivatives with
the molecular sieve zeolite catalyst ZSM-5'2 by modification
of the latter with certain chemical reagents. An example is the
alkylation of toluene with methanol to give primarily p-xylene
and water. Toluene was also disproportionated to give p-xylene
and benzene. This is in sharp contrast to results obtained with
a variety of Friedel-Crafts catalysts and other solid acidic
catalysts, including silica-alumina and zeolites where initial
ortho-para substitution was observed, and where some sub-
sequent isomerization usually occurred under the conditions
of reaction to give a mixture of all isomers.3-3
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Table I. Results with Large-Crystal ZSM-5

thermody-
dispropor- namic
alkylation tionation  equilibrium
temp, °C 500 550
WHSV? 6.6 30
feedstock 2:1 mol toluene
ratio of
toluene/methanol
conversion, wt %
toluene 39 13.2
methanol 99
product distri-
bution,¢ wt %
Cy-Cs 2.6 <0.1
benzene 1.9 5.5
toluene 54.0 86.8
xylenes
para 17.9 2.6
meta 14.0 3.5
ortho 7.0 1.4
others 33 0.1
% xylenes
para 46 35 23
meta 36 46 51
ortho 18 19 26

2 Weight hourly space velocity, (g of feed)/(g of catalyst) h=1,
b Organic phase.

Table II. Results with Chemically Modified ZSM-5

modification element P Mg
temp, °C 600 550
WHSV« 10 3.5
feedstock 2:1 mol ratio of toluene
toluene/methanol
conversion, wt %
toluenc 21 10.9
methanol 92
product distribution,” wt %
Ce™ 1.7 0
benzene 0.1 4.9
toluene 74.1 89.2
xylene
para 20.7 5.2
meta 0.4 0.6
ortho 0.2 0.1
others 2.2
% xylene
pura 97 88
meta 2 10
ortho | 2

« Sce footnote a, Table L. # Organic phase.

Chemical reactions catalyzed by crystalline zeolites occur
primarily within the catalysts’ internal pore structure, which
has precise dimensions characteristic of the individual zeolite
species. By selection among the different zeolite species
available, a variety of different pore and channel sizes are
available. The interconnected channels formed by ten-mem-
bered rings of oxygen, such as in ZSM-5,2 are especially in-
teresting because certain benzene derivatives fit rather closely,
are able to diffuse into the pores, reach a catalytic site, and
undergo a reaction and the product may diffuse out. Other
compounds or isomers may be too large to be formed easily or
may diffuse out at greatly reduced rates.

When methanol is reacted over ZSM-5,%7 a hydrocarbon
product mixture containing aromatic and aliphatic components
is produced, the boiling range of which ends abruptly at com-
pounds possessing ~10 carbon atoms. This molecular weight
limitation is a result of the reactions occurring in a confined
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