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Status of the research effort we have pursued three separate
experiments, all of which have had as their focus the understanding of
basic processes involving charged species. The significant
accomplishments of these experiments and their progress toward
achieving the research objective is discussed below:

A. Resonance-Enhanced Multiphoton Ionization-Photoelectron
Spectroscopy,,(REMPI-PES) of NO

We have -,designed and contracted) a single time-of-flight (TOF)
photo-electron--spectremetr to be used in conjunction with the MPI of
jet-cooled molecules. C-W*-h this apparatus we,_have been able to measure
energy and single-resolved photoelectron spectra. Such information has
been of direct used in measuring the internal state distribution of
REMPI-formed ions used in ion-molecule reaction studies., We have also
been involvd in the study of the dynamics of the multiphoton ionization
process itself.

B.' REMPI Spectroscopy of HBr and DBr
The laserxinduced fluorescence (LIF) technique has been developed to

probe ion species. ,Firsat, the ions produced directly from REMPI can
have their rotational state distribution measured in order to
investigate the rotational propensity roles in photoionization
processes. St6-rd, the ions produced from a reaction between the
state4;selected ions generated by REMPI and other molecules can be
observed for studying state-to-state ion-molecule reaction dynamics.

C. , State-Selected Ion4Molecule Reactions.
First, we have studied-the reactions bf ammonia cations with neutral

moleculesr._These studi-es~were conducted using a tandem quadropole mass
spectrometer. We have also completed and created) a new tapole ion
trap-, This instruin-tw'ap-w roposed to increase vastly our control over
and understanding--of biomolecular ion-molecular reactions. To make the
quadropole/octapole/quadropole ion trap operational it was necessary to
solve the technically challenging problem of interfacing three
dissimilar radio frequency (rf) devices. The resulting instrument has
extended capabilities, including the measurement of absolute
ion-molecule cross sections.



OBJECTIVE OF THE RESEARCH

This research program was directed toward the understanding of basic

processes involving charged species. The objective of the research was to

investigate the detailed quantum specification of reagents and products in

both ion nimiolecular dissociation and ion-molecule bimolecular reactions

by means of a laser technique that allows state selection of the reagents. We

placed emphasis on ion-molecule bimolecular reactions in which laser multi-

photon ionization was used in conjunction with photoelectron spectroscopy

to prepare ions in a known vibrational state. Once the ions were prepared

in a state-selected manner, various ion collision processes were to be studied

as a function of both internal and collision energy.

STATUS OF TIlE RESEARCH EFFORT

Support by this grant. has allowed us to pursue three separate experi-

ments, all of which have had as their focus the research objective outlined

above. The significant acoinplishnients of these experiments and their

progress toward achieving the research objective is discussed below:

A. Ifesonance-Enhanced Multiphoton Ionization-Photoelectron Spec-

troscopy (REMPI-PES) of NO

We have designed and constructed a simple time-of-flight (TOF) photo-

electron spectrometer to be used in conjunction with the MPI of jet-cooled

Approved for pul-i c eelease;
dtstr Lbtion utiimit ed.
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molecules. With this apparatus we have been able to measure energy- and

angle-resolved photoelectron spectra. Such information has been of direct

lised in measuring the internal state distribution of R M P 1-formed ions

used in ion-molectile reaction stii(lies. We have also been involved in thp

study of the dynamics of the miltiphoton ionization process itself.

Recent. modifications of our TOF photoelectron spectrometer have

made possible the measurement. of rotational state distribliitons of ions

formed by REMPI. A two-color high-resolution energy- and angle-resolved

study of the photoelectrons produced in the (1 + I') REMPI of nitric oxide

(NO) via rotational levels of the A 'E+ = 0 state has been completed.'

Markedly different photoelectron angiilar distributions arising from produic-

tion of ions in different rotational states (AN = -2, -1,0, 4-1, +2 transitions in

the ionization step) have been observed (Fig. 1). The AN +2 and -2 an-

gular distributions have been shown to be very sensitive to the intermediate

state alignment.

The REMPT process can be described as co:.i ,ction of ionization contin-

uum channels to the Rydberg orbital of the intermediate state through the

dipole operator. These continuum channels are described by the following

parameters: photoelectron momentum, k; angular momentum, 1; projection

of angular momentum on the internuclear axis, A; and spin projection, m.

In addition, each scattering channel will have a unique phase shift, q,,, that

will he dictat-ed by I he dynamics of the scattering process. In the NO paper, "-

a mtodel has been advanced in which experimental observables (angle- and or

energy-resolved photoelect.ron spectra) are uised to determine the attribuites 1 0
cd -

(relative amplituides and phase shifts) of a small number of t.hie interfer-

ing cont.iniiimn channels that contribuite to the ionization step as well as the

fraction of parailol character of the ionization step. In the case of the NO _-__

bilty Codes

A'vil andlor
CDiq Specidl

__ L _
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Figure 1. Two-color TOF photoelectron spectra via the NO A-X Q,,+P 21(25.5)
resonant excitation. The electric field vector of the resonant laser is (a)
parallel or (b) perpendicular to the detection axis. In both cases the
electric field vector of the ionization laser is parallel to the detection
axis. Each peak is labeled with AN, the change in rotational angular
momentum in the ionization transition.

study, nearly 70% of the ejected photoelectrons came from the AN = 0 ion-

ization transition; the partial wave composition of these electrons was dom-

inated by p-character (I = 1). The smaller AN = +1 and -1 peaks had both

s- and d-wave character (I = o and 2, respectively). The AN = +2 and -2

photoelectron peaks exhibited far more f-wave (1 = 3) than p-wave char-

acter becaise destructive interference nearly removed the p-wave contribu-

tion to the angular distribution. The partial wave decomposition was lused

to predict angular distributions resulting from excitation of the intermedi-

ate state by different rotational branch transitions; these predictions were

shown to be in excellent agreement with the measured distributions.

This model permitted a more quantitative comparison of photoelectron

spectra to ab initio calculations of the REMPI process than was possible
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before our work. Rudolph and McKoy performed such a calculation of the

two-color process used in our NO study. The agreement between their re-

suits and ours proved to be quite good.

B. R.EMPI Spectroscopy of HBr and DBr

The laser-indlced fluorescence (LIF) technique has been developed

to probe ion species. First, the ions produced directly from REMPI can

have their rotational state distribition measured in order to investigate

the rotational propensity rules in photoionization processes. Second, the

ions produhced from a reaction between the state-selected ions generated

by B EMPI and other molecudes can be observed for studying state-to-state

ion-molecule reaction dynamics.

In our experiment we have measured the (2 + t) REMPI spectra of 1-1Br

and I)Br over the range 246-270 nm. The experiment is performed under

bulb conditions with the sample gas flowing through the chamber at, a pres-

sure of 10-50 mTorr. We can conduct the experiment under collisionless or

single-colision conditions by adjusting the delay (10-100 ns) between the

RLIMPI lasr and the IF laser. The REMPI laser is focused down in order

to generate a significant ion yield. The lower power (- 50 ItJ) probe laser

I,eain is unfocrused (5 mm diameter) in order to prevent, saturation and al-

low complete probing of all the ions.

Several lPydbprg states are found to have strong transitions with well-

resolved rotational lines in the HI3r and DBr spectra. Since IIBr' has a

gromidnl state, configuration 211,/,.3/,with the splitting about 2600 cvn' be-

tween the two spin-orbit components, the Rydberg state of ll13r should

consist of eit.her a 2 1,/2 or 2n /2 ion core and a Rydberg electron in liind's



case (c) coupling scheme. Therefore, spin-orbit component state selection

in IlBr' is expected when it is ionized from its Rydberg states. Addition-

ally, Franck-Condon factors allow only Av = 0 transitions between the Ry-

dberg state and the ion (fie to their similar potentials. We have confirmed

this state selection with the p~hotoelect.ron spectrum of I1Br and the LIF

spectrum of HIBr-. The F 'A2 , ) 'I11,, E 0+, and f 3A2 v 0 0, 1 stateF give ion

vibrational state and spin-orbit component stat.e selection of 99%, 97,

90%, and 99%, respectively.

The nascent rotational population of HBr' produced from the (2 J- I)

REM P1 via 1113r Rydberg states has been measured by LIF spectroscopy

of the I1Br + A 2_ X 2TT transition. It has shown the rotational levels of

HBr+ to be highly selected. From the nascent distribution of HIBr + rota-

tional levels, we can conclude the following propensity rules in the ioniza-

tion transition process: (1) the distribution of HBr + X 2I1,2 formed from the

ionization of Rydberg state F ( 2 I1,/ 2 )Sp7r shows the selection rule of+

+,--.. -- with AJ = ±1/2,±3/2, ±5/2 and + - and - + with

AJ ± 1/2, 43/2. The + - transitions predominate; (2) the distribi-

tion of HIBr' X2H /2 formed from the ionization of Rydberg states f 'A2 and

E 0' follow rules similar to (1); and (3) the distribution of X 'T- /2 formed

from the ionization of the E 0+ Rydberg state shows only + _ -transition,

with A.J - + 1/2, +±./2. We have derived the parity selection rule for luind's

case (r'); it indicates that, the transition with r. corresponds to only

,q-wave electron e.jection.

C. State-Selected Ton-Molecule Reactions

This section is divided into two parts. In the first, we summarize our
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studies of the Nle(C,,,) + ClI., Nfl+(v2 ) + ND, and ND+(i,) + Nil 3 systems.

These studies were conducted using a tandem qiiadrupole mass spectrom-

eter. In the second, we describe the newly completed and operational oc-

tapole ion trap. This instrunment. was proposed to increase vastly our con-

trol over andi i nderstanding of bimolecular ion-molecuflar reactions such as

those above. To make the quadrupole/octapole/quladrupole ion trap oper-

ational it. was necessary to solve the technically challenging problem of in-

t.erfacing three dissimilar radio frequency (rf) devices. The resulting inst.rli-

ment has extended capabilities, including the measurement, of absohlte ion-

molecule cross sections.

1. State-selected chemistry of the ammonia ion

Ammonia is an excellent candidate for vibrational state selection by

REMPI through its B and -' electronic states. The ground state geome-

try of the neutral is pyramidal while the two excited Rydberg states and

the ground state of the ion have planar equilibrium configurations. The v,

umbrella-bending mode is the vibrational motion that connects the pyra-

midal geometry of the ground stat.e with the planar geometry of the R.yd-

berg states. The result, is that the (2+1) MPI spectrum of ammonia in the

ultraviolet (280-320 nm) region shown in Fig. 2 consists of two long, inter-

leaves progressions in the , 2 mode in the 1 and C',' states. Since the geome-

try changes little in going for the resonant intermediate state to the grouind

ionic state, the Franck-Condon factors will show the greatest, overlap for the

A - 0 vibrational state-retaining transition. Resonant. MPI via these high-

lying Hydherg states is therefore expected to produhce predominantly a sin-

gle vibrational state in the ion. The vibrational level produced corresponds

directly to the resonant vibrational level accessed in the Rydberg state.
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Figure 2. Multiphoton ionization spectrum of ammonia in t.he region 285-325 nm.

The efficiency of this preparation method is confirmed l)y analysis of the

kinetic energy distribution of the photoelectrons produced in the ioniza-

tion. This informatio-i directly indicates in which vibrational state(s) the

ions have been formed. We find that about 90%' of the Nil' formed can be

prepared in a single vibrational levl of the v, umbrella-bending mode (see

Fig. 3).

Note the dominant peak in each spectrum corresponding to the stat.e-

selected A, = 0 vibrational level. The relative populations derived from

these spectra demonstrate that the NII (X,,,) state can be prepared very

efficiently by simply selecting f lie laser wavelength to be resonant with iif-

ferent, vibrational levels in either the B or C' states of the neutral.

The state-selected ion-molecule reaction apparatus (Fig. 4) used for

thee studlies employs a longitudinal l)eam-gas geometry for investigating

the dynamics ofion-molecule reactions. Schematic (liagramn of the tandem

quadrlmpole mass spec'trometer with laser rmnltiphoton ionization source.

The freqncy-doubled output of a Nd: YAG Ipuimped (lye laser is iiseot to

ionize a silpersonic expansion of ammonia in argon. The NII ions are col-

lected by a series of ion optics and focused into a scattering cell containing

the neuitral target, gas. The kinetic energy of the impinging ion beam can
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Figiire 3. Photoelectron kinetic energy distributions for the B and C' states of am-
mouia.

be controlled over the range 0-50 eV by adjusting the potentials applied to

the ion lenses. Forward scatteredl produicts and unreacted primary ions are

mass analyzed by a qiiadrwipole mass spectrometer eImpped with a channel

electron multiplier array. The signal is sub)sequently pulse couinted or am-

plif'ied and] recorded by a computer. The computer is also used for scanning

thlip primary ion energy and for twtiring the mass control of the quiadruipole.

It is therefore posbeto measure the yield of product ions as a function of

both flbe reagent ion vibrational state and its, kinetic energy.

(a) NU., (1,2) 4- cff 1

The effec(ts of vibrational excitation of the ammonia i"2 inversion mode

on tho reaction of NI1'(X, ,- o-9)) with met hane have been mneasured2

in a tandemn quadrupole mass spectromneter over the center-of-mass colli-
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Figure ,. Schematic diagram of the tandem qiiadrupole mass spectrometer with
laser multiphoton ionization source.

sion energy range 1.5 -10 eV. The hydrogen abstraction channel is enhanced

by nearly a factor of two at. nine quiant.a of vibrational energy relative to

the I, - 0 level of the ion. Added vibration in the ammonia ion umbrella-

bending mode facilitates the transition to the Nl' product ion geometry.

Protonated methylainine is formed at lower kinetic energies by attack of

the ion at the methane carbon center, but with increasing vibrational ex-

citation of the ammonia ion, the protonated methylamine decomposes by

1,2-elimination of the molecular hydrogen anH( by C-N bond scission (see

Fig. 5).

In summary, direct, hydrogen atom abstraction is the dominant reaction

pathwiay for the N1T'(v) -('14 system in the kinetic energy range studied.

Vibrational excitation of the Nl.' umbrella-bending mode enhances the ab-

strartion reaction by improving the dynamics of the transition into the Nil'

prodhict channel. The CII-NT1 condensation product. appears at low ki-

netic energy and its formation is unaffected by the initial ion vibrational

state. '[here is evidence for a small barrier associated with the displace-

ment reaction to forrm, this produ|ct ion, and the reaction mechanism may l)e
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Fig,,re 5. Vibrational energy dependence of the CH,- NI' (m/e=32), CH,=NII
(m,/e=30), and C11' (m/e=15) ion signals as a percentage of the sum
of the ion signals for these three ions. The solid line is for the reaction
N 11(v = 8) + CH4 . Because the collection efficiency varies with the ion,
the important features are the relative changes of m/e=15, 30, and 32,
not the absolute changes.

of the SN 2-type. At. higher energies, the CH3-Nfl + ion decomposes by 1,2-

elimination of molecular hydrogen across the C-N bond and by C-N bond

scission (see Fig. 6). The vibrational energy of the ammonia ion is random-

ized in the condensation product before decomposition and makes a signif-

icant energetic contribution to the internal energy of the complex. The ap-

pearance of the Cl 2 = NIl' product is consistent with previous reports3 of

a 2.6 eV energy barrier in the CII-NH + decomposition channel.

(h) NH,'(v )+ND, and ND+(v 2 ) 4- NI 3

The role of vibrational excitation of the 12 umbrella-bonding mode of

ND'(X, v=0 to 10) and NtI+(X, ?-=0 to 9) on the reaction with NIb, and

ND1 has been examined4 over the 2-12 eV center of mass kinetic energy

range. Isotopic suibstitution permits the investigation of charge transfer,

prot.on/deiiteron transfer, and neutral atom abstraction. The charge trans-

fer channel is moderately enhanced by excitation of the ammonia ion v,
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Figure 6. Kinetic energy dependence of the CH' (m/e = 15), NH + (m/e 18),
CH2 =NH + (m/e = 30), and CH3-NH + (m/e = 32) product ion signals for

H3 0) + CH4 (1 mtorr).

vibrational mode (Fig. 7). The proton/deuteron transfer channel is sup-

pressed by vibrational excitation of the ion at low kinetic energies (Fig. 8).

The hydrogen/deuterium atom abstraction channels show nearly a factor

of six vibrational enhancement relative to NHf+(v = 0) (Fig. 9). The ion vi-

brational and translational energy play inequivalent roles in the reactions,

indicating that non-statistical factors are important in the transition from

reactant to product channels. A simple dynamical model has been proposed

to explain both the proton/deuteron transfer and the neutral atom abstrac-

tion reaciions, it is based on the argument that vibrational motion along

the particle tr - fer coordinate (Fig. 10A) promotes reaction while vibra-

tional moti,.- . rpendicular to the transfer coordinate (Fig. 10B) hinders

reaction.

In siimr,,,-ry the proton/deuteron transfer channel and the neutral atom

abstraction channel provide tinique insight into the coupling of the ammo-

nia ion vibrational motion into the reaction coordinate for each mechanism.

The fact that the vibrational energy and translational energy of the ion af-
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Figure 7. Vibrational dependence of the relative cross section of the charge trans-
fer reaction between ND +( 2) and Nil for v 0 09. The reproducibility of
the v - 0 curve indicates the magnitude of the error associated with the
scatter in the data points and the normalization between the vibrational
data sets.
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Figure 7. Vibrational dependence of the relative cross section of the deuteron
transfer reaction between ND+(v 2) and the NH 3 for v 0-10.

fect the relative reaction cross section to different extents indicates that

these reactions are better described by a dynamical rather tian a statistical

model. Both dynamic and structural features of the transition state appear

to play a role in determining which mechanism is operative and whether
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it is suippressed or enhanced by vibration in the ion. In the case of photon

transfer, motion of the the nuiclei of the ion perpendicular to the direction of

transfer ninders the formation of NH+, while for hydrogen abstraction, the

same inotion perpendicular to the direction of hydrogen transfer favors for-

mation of the NTT+ prochuct ion.

(r) Vibrational Dependence of the NH,+4(V2 ) + NH 3 Symmetric Charge

Transfer Reaction

Vibrational overlap integrals have been calculated' for the transition be-

tween the neutral ground state and the ion state of NH, and ND, for the
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V2 vibrational bending mode. Calculations were performed by numerically

solving the Schr6dinger equation. The vibrational overlap integrals were

used to simulate the dependence of the cross section for the NH+ 3 (V2 ) +

NH,(0) - NH 3 (V2) + NH (v) symmetric charge transfer reaction on the ini-

tial vibrational quantum state of the ion. The cross sections show a gradual

increase with v2, in agreement with experiment of Baer and Murray.'G

Many charge transfer theories have been developed based on calcula-

tions using Franck-Condon factors for transition connecting the neutral and

ion states. In this study, we have evaluated the vibrational overlap integrals

for the v,2 bending mode between the neutral ground state and ion ground

state of the ammonia molecule and have calculated the v2 dependence of the

NH'(7,2 ) + NH1(0) -- NH 3(v;) + NH (v'2) symmetric charge transfer reaction

cross section. The calculations have been carried out for v2 = 0 up to v2 =5

and include both resonant and non-resonant charge transfer channels.

The theoretical approach used to calculated the state-to-state cross sec-

tions for symmetric charge transfer reactions is based on the work of Bates

and Reid'and of Moran and coworkers," who introduced the multistate im-

pact. parameter model. The model uses the time-dependent Schr6dinger

equation for the internal vibrational motion and classical trajectories for

the relative translational motion. This treatment has been extended by

DePristo.? The results of DePristo show excellent agreement with the exact

qiiantal calculations of Becker" on the 0+ + 02 symmetric charge transfer

system.

For the NH+(v,) + NH 3 (O) reaction, the calculation was performed at

the center-of-mass collision energy of 10 eV to allow direct comparison with

the experimental results reported by Baer and Murray. Figure 11 shows the

absolite value of the charge transfer (exchange) probability as a function
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of impact parameter for the ammonia ion initially populated in the v2  0

state. The resonant charge transfer channel is not a dominant channel and

the reaction path is broadly distributed over the nonresonant channels. In

the present model, the reaction pathways with large vibrational overlaps

and small energy defects with respect to the initial channel make the largest

contribution to the cross section. However, ammonia undergoes a large ge-

ometric change from the pyramidal neutral ground state to the planar ion

state, causing the Franck-Condon factors I <NH+(v')NH3 (0)> I2 to have

a maximum value when v' = 5. Therefore, the resonant charge transfer

channel cannot be a major channel because the product of the vibrational

overlap integrals is very small compared to the nonresonant channels. The

large contribution by off-diagonal Franck-Condon factors distinguishes the

symmetric ammonia charge transfer system from systems such as 0' + 02,

N+ + N2 , and CO + + CO.

2. The octapole ion trap

The above studies using the tandem quadrupole mass spectrometer

were limited to the collection of forward scattered products over a relatively

narrow range of forward scattering angles. Additionally, the employment of

a static lens system (collision cell region) after an rf device (first quadrupole

of the tandem system) resulted in significant loss in reactant ion intensity

because of the time-dependent trajectory of ions exiting an rf field. For the

studies above, this prevented the determination of such factors as relative

branching ratios and cross sections for the various reaction channels.

As a solution to this problem, we proposed replacing the static collision

cell with an octapole ion-trap. When constructed, this would allow for effi-

cient passage of ions from one rf region to the next and collection efficiencies

approaching 100% for all ion products and scattered reactants, irrespective
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Figure 11. Plot of the transition probability of the exchange channel versus impact

parameter for the reaction NH3'(0) ± NH,(O) - NH3(v;') ± NH,(v,') at
a center-of-mass collision energy of 10 eV. The numbers in parentheses
represent (v', v" ).

of their final laboratory energy or direction. Our instrument is now com-

pleted and operational as shown schematically in Fig. 12. We review its fea-

tures briefly.

A pulsed molecular beam is formed via a supersonic expansion from

a steerable pulsed valve in a doubly differentially pumped chamber. The

skimmed and collimated neutral beam enters an ionization chamber where

ions are formed either by conventional electron impact or by REMPI from a

tunable pulsed laser system. Ions are extracted out of the neutral beam and

focused into the ion optic qu|adr||pole/octapole/quadrtipole system by a 900
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quad turning element. The ions are focused into the first quadrupole, mass

selected, and injected into the octapole ion trap with a known translational

energy and energy spread. As the ions move slowly through the octapole

trap they pass through a narrow collision cell containing the thermalized

neutral collision gas. All ions, both unreacted elastically scattered reactant

ions and product ions, are constrained by the radial field of the trap to only

forward or backward laboratory motion. The ions are extracted from the

octapole, accelerated, and injected into the second quadrupole for mass se-

lection. The final mass-selected ion beam is measured with a multichannel

plate chevron. Data are recorded simultaneously in two modes: using sin-

gle ion counting with a fast MCA for repetitive time averaging (weak signal

limit), and using a transient digitizer (strong signal limit).

In order to characterize the instrument fully and ensure that its limits



-18-

are clearly understood, we have chosen the well-characterized reaction"

Ar + +H 2-4 Ar+H+lH+

-+ Ar + H+

-, ArI + + H

We are presently measuring these reactions and comparing them with re-

sults obtained using numerous other techniques. Once we feel comfortable

with these results, we can press ahead with intended studies reviewed in the

next section.

However, during the course of the past year we note that several signifi-

cant and unexpected problems were encountered (and subsequently solved)

in the construction of this device. These problems centered around the link-

ing of three independent rf ion optic devices in a manner that guarantees

minimal ion loss (and hence mass discrimination) at the rf device interface

and without significant deterioration in the kinetic energy spread of the

ions. Such properties are not apparent in similar devices currently being

used by other groups. These problems were addressed through extensive

use of computer modeling for both the static and rf ion optics, and we found

it necessary to redesign several elements of the optic train in order to meet

this requirement.

(Because of the usefulness of linking multiple rf devices, we wish to state

the interfacing method here briefly. Ions exiting an rf device have a broad

angular divergence that is time dependent on the rf voltage at the moment

the ion leaves the local rf field. Subsequently, the resulting ion train is no

longer compatible with any fixed static lens systems since each ion has a

dlifferent trajectory. However, we found that by strongly accelerating the

exiting ions through a very thin symmetric einsel lens, all the ions could
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be brought through a single approximate focal point halfway between the

two rf devices. As the ions are decelerated, they again plume in a wide di-

vergence, each with its own time-dependent trajectory. We may now take

advantage of the wide angular acceptance of the subsequent rf device. By

keeping the distance between consecutive rf devices as short as possible,

the expanding ion plume may be efficiently decelerated and captured in the

next rf device without undue degradation in ion energy spread. The proper

design of the interface lenses requires the use of rather sophisticated com-

j tuer modeling programs 2 that have recently become available.)

Since the operation of the instrument is essentially in a pulsed mode,

the data is recorded in a TOF manner, as noted above, providing a continu-

ous and permanent record of the energy spread and spread symmetry of the

measured ion. This technique is absolutely necessary to ensure that proper

focusing is maintained and documented over the range of translational en-

ergy and ion mass selection required by the experiments.

One outcome of addressing these design problems is that we believe that

absolute reaction cross sections may be measured with the instrument. In

the absence of significant mass discrimination (or at least quantifiable mass

discrimination) the use of simultaneous time-averaged single ion counting

for weak product ion detection and analogue methods, calibrated in the low

and medium signal range where ion counting and analogue signal overlap,

allows us to qutantify both reactant and product ion signal. We believe that

this will allow us to measure for the first time absolute cross sections.

A second useful though less certain, measure potential of the instru-

ment is the extraction of scattering angle and energy distributions of the

prodict ions from the TOF distributions. Because the temporal and hence

energy distribution of both reactants and products is the method of data
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measurement,, and since the octapole potential within which the reactive

scattering occurs is readily calculable, it appears that, in principle, low res-

olution energy and angle measure could be extracted from the TOF distri-

butions. Such measurements may be limited to examples where the amplifi-

cation factor 3 is at a maximum (light ion, heavy neutral products).

In summary, the operational instrument, shown in Figure 14, is more

sophisticated than was originally intended. However, we believe that our

experimental capabilities are greatly enhanced, including the ability to

make absolute cross section measurements and possibly low resolution an-

gle resolved product energy distributions in favorable product cases. We are

presently conducting benchmark studies for the Ar + + H2 system. Studies

on the state-selected ammonia ion system will follow.
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