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Of the many ionic species that normally emerge from the ion source of an

electrostatic accelerator, it has traditionally been only the monatomic ions that

are considered to provide "useful" beams. The remaining beams of molecular ions

(Ho, rft, HeH+, 0H+, etc.) which frequently constitute most of the total Ion-beam

current, are seldom exploited for experimental purposes.

In recent years, however, it has been realized that many important phenomena in

atomic and molecular physics can be addressed using fast molecular-ion beams. In

research with such beams experimenters take advantage of the spatial and temporal

correlation of the constituents of the molecular projectiles. This spatial and

temporal correlation persists during the dissociation process initiated when a

molecular ion strikes P target foil. The recognition of this correlation has led to

a variety of experiments which are providing interesting new information, for

example, about the charge states of fast ions Inside and outside solids, the

interactions of such ions with a solid medium, and a variety of other atomic

collision phenomena. These studies can also be applied to the often difficult

problem of determining the geometrical structures of molecular ions.

In most experimental techniques used to derive the stereochemical structures of

molecular ions, the difficulty in obtaining a sufficient column density of the ions

to be studied presents a severe limitation. Thus, for example, photon emission or

absorption techniques usually involve searching for extremely weak or narrow lines

in the presence of intense background radiation. Where such methods have been

successfully applied, they result in very precise structure determinations.

However, it has so far only piroved possible to measure a handful of molecular-ion

structures with these "standard" techniques. This situation contrasts strongly with

that for neutral molecules for which the experimental problems are much less severe

and for which thousands of structures have been determined.

In this talk we report on recent research on molecular-ion structures using

fast molecular-ion beans provided by Ai^onne's 5-MV Dynamitron accelerator. The

method has become known as the "Coulomb-explosion" technique. Related,, work is also
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in progress at other laboratories, notably the Weizmann Institute of Science in

Israel.

When molecular-ion projectiles travelling at velocities of a few percent of the

velocity of light strike a foil, che electrons that bind the molecular projectiles

are almost always totally stripped off within the first few Angstroms of penetration

into the solid target. This leaves a cluster of bare (or nearly bare) nuclei which

separate rapidly as a result of tlieir mutual Coulomb repulsion. This violent

dissociation process In which the initial electrostatic potential energy is

converted into kinetic energy of relative motion in the center-of—mass, has been

termed a "Coulomb explosion".

The characteristic time for this explosion is typically or the order of a

femtosecond (.10 sec) In comparison, typical periods for molecular vibrations
1 / 1 *?

(~10 sec) and rotations (~10 sec) are much longer. The explosion time is on

the same order of magnitude as the dwell tim^ for the projectile if the foil

thickness is approximately 100 A- As a result, much of the Coulomb explosion takes

place Inside the foil and then runs to completion In the vacuum downstream after the

fragments emerge from the target.

The dissociation fragments emerge from the foil with velocities equal to the

original beam velocity combined with components resulting from the Coulomb

explosion. These components cause shifts in the laboratory energy and angle for

each fragment; the shifts depend on the structure and orientation cf the incoming

molecule. Because all orientations are equally populated in the incident beam,

joint distributions in energy and angle for the emerging fragments are ring-like in

character. The diameter of the ring for a given fragment Is determined by the

stereochemical structure of the molecular projectile. For diatomic projectiles the

ring diameter reflects the bond length for the projectile and the "thickness" of the

ring reflects the distribution of internuclear separations and thus the vibrational

excitation of the Incident molecules. An example of such a ring pattern obtained

for 3-MeV HeH ions is shown in Fig. 1. Since the shifts in energy and angle are

small, it is essential chat experiments of this type be performed with high

resolution in both energy and angle. At Argonne's Dynamitron accelerator the

relative energy resolution is AE/E = ± 3 x 10"^ and the overall angular resolution

Is A0 = + 1.5 x 10 radian. Data of the type shown in Fig. 1 have been analyzed to

provide the first experimental determination of the bond length of the HeH+

molecular ion together with Information about the spectrum of vibrationally excited
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states in the incident beam.

The technique can be expanded to more complex polyatomic molecular ions. For

this purpose, special multiparticle position- and time-sensitive detectors with

large active areas have been developed at Argonne National Laboratory. Figure 2

shows data taken recently that reveal the low-energy stereostructure of protonated

acetylene (C2H0). The results clearly indicate that the nonclassical bridged

structure dominates.

Results obtained for other relatively simple, but important molecular ions of

current interest will also be discussed in this talk.

The technique has potentially important application to the study of small

clusters. Already data have been obtained for C-̂ . It is now planned to extenc

work to study heavier carbon clusters as well as simple metallic cluster ions.
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Figure 1 - Joint distribution in energy and angle for protons from the dissociation of
3-MeV HeH ions incident on a thin carbon foil. The nonuniform distribution of intensity
around the ring can V accounted for quantitatively in terms of forces due to the
polarization "wakes" generated by the ions as they traverse the foil. The diameter of the
ring pattern is determined primarily by the bond length in HeH+. The width of the "rim"
reflects variations in the internuclear distance of the incident molecular ions due to
their vibrational motion.
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Figure 2 - Plots of the densities in velocity space of fragment ions produced from Che
Coulomb explosion of 4.5-MeV CyR? i ° n s striking a thin carbon foil. The two central peaks
represent carbon ions and the surrounding three peaks arise from protons.
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