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Identification of Isomer Structures for Polycyclic Aromatic
Compounds by Electron-Impact Mass Spectroscopy
——Elimination Reaction of Hydrogen from Carbon Compounds

Producing Graphite or Diamond——

by Toyotoshi UEDA and Zeper ABLIZ

(Summary) _
Mass spectra of condensed polycyclic aromatic hydrocarbons with or without
overcrowding, which have three, four, five, and nine fused aromatic rings, were
examined. Their patterns reflect the type of overcrowding (fjord-like or crab-like
one) and the number of overcrowded hydrogen atoms in the molecule. Predominant
elimination reaction of hydrogen molecules from overcrowded aromatic compounds
were found in the mass pattern of a molecular-ion family with multi valencies.
These facts were supported by the ionization efficiency curves and especially the
lowering of appearance energies of the [M—2]** jons of benzo[c]phenanthrene or
the [M—4J* jons of tetrabenzo[a, cd, j, ImIperylene (=1, 2, 3). These effects
of overcrowding on mass spectra were applied to the identification of structural
isomers for nanocyclic aromatic hydrocarbon violanthrenes and their diaza-homologs.
Similar kinds of elimination reactions of hydrogen from hydrocarbons have been
recently recognized in the gas-phase synthesis of diamond powder under the low
pressure. Very short review of these C.V.D. methods and some suggestions for
the preparation of diamond are given from the view-point of thermodinamic consid-

eration and structural chemistry.
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Figure 1. Typical examples of overcrowded and uncrowded structures for
tri-, tetra-, penta-, and nona-cyclic condensed hydrocarbons (1)—
(8). Fjord-like overcrowding (4), (8) and crab-like overcrowding
(6) are shown as @@ and AA, respectively. An example of
bay-like overcrowding is shown ] for (2).
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Figure 2. Mass spectrum patterns of singly, doubly, and triply charged ions

of molecular families for (1)—(8). Ions with the same mass but
different charge are arranged vertically for each isomer, and the
intensity scale of triply charged ions is expanded ten times.
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Figure 3. Dependence of ion intensities on trap current. Relative intensities

of main fragment ions of chrysene (3in Figure 1) are compared
with a parent ion [228]"". The curve for [228]"" represents
numerical figures of the ion current on an arbitrary scale under
almost constant sample pressure. The current below 10 gA cannot
be controlled and it was estimated by a scale of filament current.
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Figure 4a. JIonization efficiency curves of Figure 4b. Ionization efliciency curves for

molecular ions CMJ** (i=1— [M—2]" ions. We also plot-

3). The ratio of the intensity
of ions to that of a parent ion
[MI* is plotted wersus the
impact voltage. The curve for
[MJ** represents numerical
figures of the ion current in
an arbitrary scale under almost
constant pressure of samples.

The number before the value

of m/z, e.g. 4—114, means
structure (4). a. Tetra-, b.
penta-, and c. nona-cyclic hy-
drocarbons, respectively. Solid
lines correspond to overcrow-
ded molecules, while broken
lines to uncrowded ones.

ted that of [M—1]* for dib-
enzo [c. g] phenanthrene (6—
2771in b). See Figure caption
4a.
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Figure 4c. Ionization efficiency curves for [M—4J%*
ions. See Figure caption 4a.
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Figure 5. Self-condensation products of I-aza-benzanthrone and [benzanthronel.
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The number in brackets corresponds to the parent hydrocarbon isomer.

Abbreviations of 12 isomers are as follows.
13; VEA, 14; IsoVEA, 15; VEB, 16; IsoVEB, 17; VEC, 18; IsoVEC, 19; TBP,
20; DBNP, 21; TBPA, 22; TBPH, 23; DBNPH, and 24 ; DNP.
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Figure 6. Mass spectra of molecular ion families for six violanthrene isomers:
(a) (13), (b) (14), (&) (15), (&) (16), {e) (19), and () (21).

The part of trivalent ions is expanded ten times.
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Figure 7. Mass spectra of five isomers of l-aza-violanthrene.
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Table 1. Structures and properties of six violanthrenes.

Class A B T

Isomer VEA IsoVEA IsoVEB VEB TBP TBPA
mp(C) 5065 5265 3183 3394 3408 334
“max(nm)* 490 521 471 482 444 627
colour Red Deep red Brown yellow Orange red Yellow Blue
Number of Kekule forms 41 40 50 49 60 36
adjacent H index 2—4—0—2 1—-3—-1-2 0—2-2—2 0—0—6—0

* Values measured in benzene solution except for IsoVEA in 1,2,4-trichlorobenzene solution.
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Figure 8. Phase diagram of carbon.
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