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Fine Structure in ‘Metastable Peak’ Shapes in Mass Spectra

By R G Cooks* and ] H BevynoN
{(Department of Chemastry, Purdue University, Lafayette, Indiana 47907)

Swuminary The metastable peak’ due to the collision-
mduced reaction H;+— H+ + H, shows fine structure
which probably arises because of the formation of H, 1n
several vibrational states while that due to Hy** — H+ +
H-* 1s composed of two separate peaks due to two different
electronic transttions

THr mmportance of observations on metastable processes
1 understanding the 1on chemistry occurring in the mass
spectrometer has grown remarkably In addition to
suggesting 1onic fragmentation pathways and their use 1n
kinetic studies and m testing theories of mass spectra,
the recognition that metastable peaks can have a variety
of shapes and the deduction of the relationships between
shape and kinetic energy release! has provided a valuable
new probe into the energetics of 1onic reactions

A relatively new feature of ‘metastable peak shapes has
been the discovery of composite metastable peaks ze
superimposed peaks due to two processes occuiring from
the same 10n 2.3 A composite peak (Figure 1) results from
the reaction H,+ — H* + H 1n the mass spectrum of
hydrogen the width of the narrow component measured
at half height corresponds to an energs release of 0 026 eV
that of the broad to release of 4 8eV + Transitions from
the ground state of H,™ to the wvibrational dissouation
Imut and to the first electronic excited state respectively
account for these results Of special note 1s the release of
15eV at the extreme range of the transitions to the
repulsive electronic state

The mass spectrum of hydrogen also shows a meta-
stable peak’ corresponding to the transition Hy+ > H+ 4 H,,
the study of which has led to the discovery of a further

1 The techmques used 1n measurements of this type are fully described in recent papers from this laboratory ¢
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degree of complexity in ‘metastable peak’ shapes, the
existence of fine structure. When examined by changing
the ratio of accelerating voltage to sector voltage to three
times the normal value and scanning the accelerating

FIGURE 1. The ‘metastable peak’ due to Hy* — H+ 4 H-.
Kinetic energy release, calculated at a and b and averaged over six
scans was 0-026 eV and 4-8 eV, respectively.

voltage over a small range, this peak was observed to have
the common Gaussian shape but it appeared to be more
than usually broadened near the base line. In addition,
the sides of the peak showed distinct steps (not due to
instrumental factors). This fine structure could only just
be resolved and in some scans one or more of the notches
could not be distinguished. A typical scan of the meta-
stable peak appears in Figure 2.

One interpretation of these observations is that the
product H, is formed in a number of vibrational states.
The centre of the peak corresponds to the formation of
products having minimum kinetic and therefore maximum
internal energy, in this case vibrational energy of H,.
Each notch on the peak represents product H, formed in
a successively lower vibrational state. The data obtained
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fit this interpretation well, the known energy levels of H,
require kinetic energy release down the series v = 14, 13,

12, and 11 of 15, 77, 130, and 175 meV 5 and the observed
energy release at each notch is 53, 102, 137, and 200 meV.

1 min
—

FIGURE 2. The “metastable peak’ due to Hyt — H+ + H,, illustra-
ting the fine structure. The slow scan rate should be noted.

The observed values have to be corrected for the small
energy release not due to the vibrational effect. A value
of 25 meV gives net values for v = 14, 13, 12, and 11 of
28, 77, 112, and 175 meV. Repeated scans gave similar
values. It should be noted that the effective resolution
rapidly decreases as one moves away from the peak centre
and the lower vibrational states are in fact not resolved.
A further reason for this is that there appears to be a
contribution from a process (or processes) which super-
impose a much broader peak of lower abundance on the
‘metastable peak’ of interest.
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