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A storage ion source has been built for the production of

vibrationally cold H £ and H3 Ions. Using a gas mixture of H2 and

rare gases (Ne and He) in the source at high pressure, higher

vibrational states of these ions have been effectively depleted by

ion-molecule reactions and colllsional leactivation. The internal

energy of the cold ions were determined by the threshold

measurement of collision-induced dissociation. With a mixture of

H~ and Ne (ratio 1:5) in the source operated at 80 mtorr, H2 Ions

were found to be in v=0 and 1 states only and the H^ Ions were in

the ground vibrational state.
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INTRODUCTION

The present impetus for obta ining s i zeab le beams of ^ and Ĥ  ions in

the i r ground v i b r a t i o n a l s t a t e s comes from t ' e d i s s o c i a t i v e recombination

experiments . In the d i s s o c i a t i v e recombination measurements of the s imples t

molecular ions Hj with e l e c t r o n s by merged beam technique, the v i b r a t i o n a l

e x c i t a t i o n of the ions causes an enhancement of the cross s e c t i o n . The rapid

e l ec t ron temperature dependence of recombination ra te c o e f f i c i e n t in the

shock-heated plasma experiments has been a t t r i b u t e d to the v i b r a t i o n a l l y

excited ions.

The effect of vibrational excitation on Ion-molecule reactions has beer.

reported by Chupka*. Koyano and Tanaka have successfully developed the

TESICO technique using photoionization for studying the reactions involving

vibrationally state-selected ions. More recently, the effect of vibrational

and translational energy on reaction dynamics involving tit in charge transfer

has been Investigated . Although photoionization methods have a clear

advantage of state-selection procedure, the intensities are extremely low a IT.!

thus are unsuitable for beam work.

In the case of polyatomic ions Ho, recent theoretical predicttlon of
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Michels and Hobbs and experimental evidence of Smith and Adams from flowing

afterglow experiments indicate that the dissociative recombination rate

coefficients of the vibrationally cold ions at low energy are at least two

orders of magnitude smaller than the earlier reported measuremnts • . These

laboratory measurements have far reaching astrophysical significance in

deriving cosmic abudance of hydrogen and other species. Clearly, there is a

need for beam of ions in well-defined energy state.

I t has been shown that the higher vibrational levels of ut are

effectively depleted by the reactive encounters with the inert gases He and Ne



In the fol lowing Ion-molecule r e a c t i o n s :

* (V ? 3) + He -f HeH+ + H

* (v > 2) + Ne + NeH+ + H

The H^ ions in vibrational levels higher than the threshold will react

away leaving behind H^ ions in the lowest few levels. Also H2 ions are

vibrationally deexcited* in nonreactive encounters with neutral He and H2.

Thus the reactive and nonreactive encounters with rare gases open u±. the

possibility of producing H^ ions in a few lowest vibrational states. This

necessitates a suitable environment for frequent collisions inside the ion

source and this has been achieved by operating the source at high pressure and

trapping the ions for longer time.

A storage ion source similar to the one developed by Teloy and Gerllch

has been built for the purpose of trapping ions and taking advantage of the

deactivation mechanisms described earlier, thus producing vibrationally cold

ions. The internal energy of these ions has been determined by collision-

induced dissociation (CID) threshold measurements.

THE STORAGE ION SOURCE

The ion source*-^ consists of a stack of ten parallel and equispaced

stainless steel plates (2.5" x 1" x 0.06;:") which are separated by 2mm

diameter sapphire balls (see Fig. 1). Each plate has a U-snaped hole in it

except for the top and bottom plates. The top plate has a rectangular si it

(1.75" x 0.05") Just above one limb of the U-hole. Alternate plates are

connected to a suitable source of r.f. A thoriated tungsten (12 Th) filament

wire (0.010" diameter) is mounted above the slit, which provides the ionizing



electrons. A gas feed line runs from the back of the source and the source

housing is provided with a cold water Jacket for heat dissipation.

Electrons from the filament are accelerated by a potential of about 100V

Into one limb of the U-cavity where Ions are formed by electron Ir.oact

ionization of the gas molecules. The inhomogeneous r.f. field produces an

effective potential well with steep walls, in which the Ions are trapped and

stored for a few msecs.

EXPERIMENTAL ARRANGEMENT

A new crossed beam (ion-atom) apparatus for the study of CID and ion-

molecule reactions at low energies has been built. Figure 2 shows the

schematic arrangement of this apparatus. It consists of three major parts:

the ion source, the test can, and the mass spectrometer. The ion source Is

mounted on the wall of the test can which houses the Wlen filter, deceleration

lens, Interaction region, molecular beam source, post acceleration system and

the quadrupole lens. All these components are mounted on moveable

carriages. The source housing, the test can and the mass spectrometer are

differentially pumped by three diffusion pnmps.

The ions from the source are extracted and focused by an einzel lens on a

collimating aperture through which the beam enters the test can. The ions are-

mass-selected by the Wein filter and then go through the deceleration lens

before entering the interaction region which is maintained at the potential of

the last element of the deceleration lens which determines the final em-r^y of

the beam in the interact<on region.

A molecular beam source with an array of micron size holes provides a

neutral gas jet into the interaction region. The gas jet points vertically

down into the diffusion pump. An idential secondary jet Is provided for the



purpose of neutral beam modulation. The ion beam and the neutral jet

intersect at right angles in the Interaction region. The primary and the

product Ions are accelerated and focused by a quadrupole lens into the

entrance slit of the mass spectrometer which are then detected by a

channeltron at the other end.

COLLISION INDUCED DISSOCIATION

The process of CID of molecular ions is explained by a two-step

model . In the f i r s t step, the molecular ion is excited to an electronic

state (repulsive) or to the vibrational-rotational continuum of the ion. In

the second step, the ion dissociates into a neutral and charged fragment.

At high collision energies (keV range) the CiD of ^ by He is assumed to

proceed through vertical Franck-Condon transition from the lsa state to the
o

17 18 19f i r s t excited 2po s ta te ' ' . At low col l i s ion energies the process of

CID departs substant ia l ly from the ver t ica l Franck-Condon type and non-

ver t i ca l t ransi t ions ' to the v ibra t ion-rota t ional continuum predominates

as a resu l t of slow co l l i s ions .

The (CID) of H2 and H-j ions with a neutral beam of He was studied down to

about 0.6 eV of energy (centre of mass) in the crossed beam apparatus under

different source conditions. From these measurments, the thresholds for

dissociat ion of the ions were determined and the internal energy inferred.

The CID of Ĥ  by He is represented by H^(v=0)+He+H++H+He-2.65eV. Tf the

\ij ions are present in higher vibrational s t a t e s , the energy endo therm 1c i ty

will be less and the threshold for the appearance of H ions will give a

measure of the vibrational level of the ions. One typical resul t of the

threshold measurement of the CID of t^ is shown in Fig. 3 where the re la t ive

cross sections for H production is plotted as a function of col l i s ion



energy. The position of thresholds corresponding to each vibrational level is

indicated.

With pure H, in the source at low pressure (~10 mtorr) the threshold was

around 0.6 eV (cm.) indicating vibrational level as high as v=9 were

present. When the pressure was increased to about 50 mtorr the threshold

shifted towards higher energy indicating the effect of vibrational

quenching. Then a mixture of H2 and Ne (1:5 ratio) was tried at different

source pressure. It was observed that the threshold shifted considerably nt

higher pressure. The thresholds of H production in the CID were determined

by modified curves 2 2' 2 3' 1 4 fittings.

In the case of H^ ions, the dissociation proceeds through one of the

three following ways:

+ He •+ H + + H2 + He - A. 35 eV

+ H^ + H + He - 6.19 eV

H + + H + H + He - 8.84 eV

The energy levels of H^ in the ground electronic state (A.) and the lowest

dissociating limits to different fragments are known . In the present study

only the appearance of fragment H and 1^ ions have been measured and arp

shown in Fig. 4. Like the case of H2 , the relative cross sections are plotted

against ion kinetic energy and the thresholds of (I and 11 ̂  production in the

CID have been determined by modified curves ' ' fittings.

RESULTS AND CONCLUSION

A radio frequency storage ion source has been successfully used for

production of low vibrational state ion beams. With a mixture of H5 and Ne



(1:5) in the source at 80 mTorr, H$ ions are found to be in the lowest two

vibrational states only. The H3 ions are produced in the ground vlbrational

state. Typical beam currents of these state-selected ions are 10 A.

ACKNOWLEDGEMENTS

The author acknowledges the many helpful discussions with Drs. J. Win.

McGowan, J. B. A. Mitchell, E. Teloy and D. Gerlich during the progress of

this work at the University of Western Ontario. This research was partially

supported by the U. S. Department of Energy, Office of Basic Energy Sciences,

under contract W-31-109-Eng-38 and NSERC, Canada.



REFERENCES

1D. Auerbach, R. Cacak, R. Caudano, T. D. Gaily, C. J. Keyser, J. Wm.

McGowan, J. B. A. Mitchell, and S. F. J. Wilk, J. Phys.

BIO, 3797 (1977).

2A. J. Cunningham and R. M. Hobson, Phys. Re\ . 185, 98 (1969).

3T. F. O'Malley, Chem. Phys. _5_1_, 322 (1969).

W. A. Chupka in Ion-Molecule Reactions, Vol. 1, ed. J. L. Franklin (Plenum

Press, N«w York) 1972.

5 I . Koyano and K. Tanaka, J. Chem. Phys. _72_, 4858 (1980).

S. L. Anderson, F. A. Houle, D. Gerlich and Y. T. Lee, J. Chem. Phys. 7 5,

2153 (1981).

H. H. Michels and R. H. Hobbs, Astro. J. Lett. 286, L27 (1984).

8N. G. Adams and D. Smith, Chem. Phys. Letters 105, 604 (1984).

9M. T. Leu, M. A. Biondi, and R. Johnsen, Phys. Rev. A ]_, 292 (1973).

A. Dalgarno and S. Lepp, Astro. J. 287, L47 (1984).

LlW. A. Chupka, M. E. Russell, and K. Refaey, J. Chem. Phys. _48_, 1518 (1968).

1 2L. P. Theard and W. T. Huntress, Jr., Chem. Phys. _60_, 2840 (1974).

1 3E. Teloy and D. Gerlich, Chem. Phys._4, 417 (1974).

V . Sen, J. Wm. McGowan, and J. B. A. Mitchell, to be published.

Z. Herman, J. D. Kerstetter, T. L. Rose and R. Wolfgang, Rev. Sci. Instrum.

40, 538 (1969).

J. Los and T. R. Govers in Collision Spectroscopy, ed. R. G. Cooks (Plenum

Press, New York) 1978.

R. Caudano, J. M. Delfosse, and J. Steyaert, Ann. Soc. Sci. Bruxelles, Ser.

176, 127 (1962).

1 8D. K. Gibson and J. Los, Physica 35, 258 (1967).



19
J. Durup, P. Fournier, and P. Dong, Int. J. Mass. Spect. and Ion Phys. _2_,

311 (1969).

2 0J. Wm. McGowan and L. Kerwin, Can J. Phys. Jt2_, 972 (1964).

2 ID. W. Vance and T. L. Bailey, J. Chem. Phys. Jt9_, 3411 (1966).

2 2W. B. Maier II, J. Chem. Phys.JfJ^, 2174 (1964).

23R. D. Levine and R. B. Bernstein, Chem. Phys. Lett. _11^ 552 (1971).

2t*k. Carrington and R. A. Kennedy, J. Chem. Phys. 81, 91 (1984).



10

FIGURE CAPTIONS

Fig. 1. The storage ion source.

Fig. 2. Schematic diagram of the crossed beam (ion-atom) apparatus.

Fig. 3. The CID threshold for H £ under different source conditions.

Fig. 4. The CID threshold for H"t indicating ground vibra tiona 1 level ions,
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