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We have measured absolute cross section for the reaction of ground-state 0+ with ammonia at collision 
energies in the range from near-thermal to approximately 15 eV, using the guided-ion beam (GIB) method. 
Measurements were also performed using ammonia-di to aid in mass assignments. The reaction is dominated 
at low collision energies by charge transfer; however, the cross section for this exothermic channel is rather 
small, decreasing sharply with energy from ~40 A2 for normal ammonia at near-thermal energies and leveling 
off at 3.7 A2 above 6 eV; the cross section is slightly smaller for ammonia-dj. Other channels, corresponding 
to the production of NH2

+ and NO+, and possibly OH+, were detected. The NO+ channel, although nominally 
exothermic, is very small and exhibits a threshold at ~7 eV. Product recoil velocity distributions were also 
determined at selected collision energies, using GIB time-of-flight methods. 

Introduction 

Hyperthermal reactions of atomic cations with ammonia are 
interesting both from a fundamental standpoint, in the ongoing 
efforts to understand the detailed mechanisms of chemical 
reactions, and in a broader physical sense, for example, in the 
quest to understand the interactions of one of the important 
molecules in interstellar media.1 Modern computational methods 
such as direct dynamics calculations2 are becoming powerful 
tools for studying chemistry, and benefit from having experi- 
mental benchmarks for comparison. In recent direct dynamics 
simulations by Sun and Schatz,3 excellent quantitative agreement 
was obtained with experiments on hyperthermal reactions of 
0+(4S) + CH4 done in our group.4 Interestingly, these calcula- 
tions showed, and the experiments confirmed, that many of the 
energetically accessible product channels were observed, includ- 
ing many that had not previously been seen. The aim of the 
present study is to provide a further basis of comparison for 
theoretical work. 

Previous experimental investigation of the 0+ + NHi system 
is limited to an early selected-ion flow tube (SIFT) survey in 
which only charge transfer was observed, occurring at a rate of 
1.2 x 10~"M cm-Vs.5 High level ah initio calculations on the lowest 
doublet and quartet potential energy surfaces (PESs) have been 
performed for 0+ + NH3.6 This work suggests that additional 
channels, leading to the formation of NH?+ (not distinguishable 
in the experiment) and HiO+ are accessible on the quartet PES, 
and that NH+, H:NO+, and HNO+ derive on the doublet PES.6 

These products, along with their ground-state energetics, are 
listed below with several other exothermic channels:7 

0+(4S) + NH,('A,) 

—NH3
+(2A1) + 0(3P) 

—NH2
+(3B1) + OH(2II) 

A«=-3.46eV    (I) 

A/7 =-2.22 eV    (2) 

* Pan of the "Stephen R. Leone Festschrift". 
* Corresponding author. 
' Hanscom AFB. 
s Boston College Institute for Scientific Research. 
1 Current address: Spectral Sciences, Inc.. 4 Fourth Ave., Burlington, 

MA 01803-3304. 

AH = -0.36 eV (3) 

A// = -0.84 eV (4) 

AH = -1.72 eV (5) 

AH = -4.70 eV (6) 

AH = -3.73 eV (7) 

AH = -3.83 eV (8) 

—NH/B^ + OHYZ
-
) 

—NH+(2n) + H20('y4,) 

—NH(3Z) + HJOYB,) 

-N(4S) + H30
+('A,) 

—H2NOYA,)-T-H(
2
S) 

—HNO+(2A') + H2('lg) 

—NOYZ+) + H,('Z+) + H(2S)    A//=-3.26eV    (9) 

In this paper we present the results of a guided-ion beam 
(GIB) study of the 0+ + NH3 reaction system, in which we 
have measured absolute cross sections for the observed reaction 
channels at near-thermal to hyperthermal collision energies. We 
have also determined recoil velocity distributions for product 
ions at selected collision energies. Experiments were carried 
out using normal and perdeuteroammonia because of the 
prospect of coincident ion masses. 

Experimental Section 

The GIB instrument used in the present study has been 
explained in detail previously,8 so only a brief description 
follows. The system is a tandem mass spectrometer that features 
a two-stage radio-frequency (if) octopole ion guide located 
between the mass filters. The ion guide—collision cell assembly 
has been updated and is a duplicate of one described elsewhere.1' 
The first and second stages of the new ion guide are of lengths 
8.6 and 19.6 cm, respectively, and the collision cell has a 
nominal length of 5 cm. 

The 0+(4S) beam is formed by dissociative ionization due 
to electron impact at ~20 eV on carbon dioxide. The primary 
ions are mass-selected in a Wien filter, and are injected into 
the first octopole at the desired kinetic energy. While in the 
first octopole, the ions pass through the collision cell, which is 
filled with the NH3 target gas. At the exit of the collision cell, 
unreacted primary ions and ions produced by reactions with 
ammonia pass into the second octopole stage. The ions pass 
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from the second octopolc into a quadrupolc mass filter for 
analysis. A ring-shaped electrode that surrounds the lirsl 
octopolc at the entrance of the collision cell is kept ~100 V 
above the direct current (dc) potential of the octopole, so that 
the small penetrating field (~0.1 V) reflects thermal product 
ions with laboratory velocities in the backward direction, thus 
allowing all but a negligible number of thermal product ions to 
be collected and included in the determination of the absolute 
cross sections. Ions with higher backward laboratory velocities 
are similarly reflected at the octopole injection lens, except at 
the very lowest beam energies. The ion beam energy is known 
to better than ± 0.1 eV, with 0.25-0.3 eV full width at half- 
maximum (fwhm) energy spread, as measured by retarding 
potential and timc-of-flight (TOF) methods. 

Secondary reactions in the collision cell occur in large part 
because of the very efficient rates of reaction for the thermal 
product ions with ammonia.10 These reactions are minimized 
by maintaining low collision cell pressures, in the range of 
0.11—0.16 mTorr, by accelerating thermal ions out of the first 
octopole with a small (~0.4 V) negative bias on the second 
octopole relative to the first, and by periodically turning off the 
if potential to allow trapped low-energy ions to escape the 
octopole volume." 

As in previous work,4 8 absolute cross sections are obtained 
by integrating the signal intensities for product and transmitted 
primary ions, observing the target gas pressure, and applying 
the Lambert—Beer expression. A correction is applied that 
accounts for reactions of the ion beam with the residual vacuum 
chamber pressure of the target gas that resides within the 
octopole; the correction is obtained by measuring product ion 
signals resulting when the target gas is diverted directly into 
the chamber, and typically amounts to 10—15% of the uncor- 
rected signal. The instrument was calibrated using the Ar+ + 
D2 —* ArD+ + D reaction;*112 errors in the absolute cross 
sections are estimated to be ± 30%. 

Product ion TOF spectra are obtained by using a pulsed 0+ 

beam, with a 5—6 ,as fwhm beam pulse width, and measuring 
the arrival time of product ions at the detector. The pulsing 
frequency, here 3000 Hz, is adjusted to ensure that the bulk of 
product ions have sufficient time to exit the octopole, including 
those ions reflected by the ring electrode described above. The 
residual of very slow ions, which would accumulate and cause 
a background signal in subsequent pulse cycles, is eliminated 
from the octopolc at the end of each cycle by briefly turning 
off the octopole rf voltage. 

Results 

Figures 1 and 2 show the absolute cross sections for the ionic 
products derived from reactions of 0+ with NHj and ND3, 
respectively, at kinetic energies (E\) in the range from near- 
thermal to ~15 eV. In Figure 1, the cross sections for 0+ + 
NFh derived from the SIFT thermal rate constant, attributed 
solely to charge transfer,5 and the average dipole orientation 
(ADO) model13,14 are shown. 

The data in Figures 1 and 2 indicate that no fewer than four 
reaction channels occur in the 0+ + NH3 system, the assign- 
ments of which are discussed in more detail below. As 
mentioned above, the difficulty in attributing the product ion 
masses to specific reaction channels resides in the mass 
coincidences among several prospective products, as well as 
the primary ion and secondary products. Reactions with am- 
monia-c/3 and TOF studies were used to address some of these 
issues. 

00 1 SIFT~\^^^ 0+ + NH, 

~^~~  ADO 

10 - ^---^__^ 

NH3
+/OH+(17) 

1 

11 - 

H30
+ (19) 

NO+ (30) 

0.1 1 to 
Collision Energy |eV| 

Figure 1. Absolute cross sections for reactions of 0+ with NHi as a 
function of collision, or relative, energy (£T). The cross sections for 
individual product channels are labeled with the ion species assigned 
to the detected product masses (in parentheses, in amu). The thin solid 
line is the ADO cross section (refs 13 and 14), and the circle 
corresponds to the rate constant for 0+ + NHi reaction measured in 
SIFT experiments (ref 5). 

100 

i» 

0.1 

0+ + ND, 

ND, / D,0+ (20) 

ND, /OD  (18) 

NO+ (30) 

0.1 10 
Collision Energy |eV| 

Figure 2. Absolute cross sections for reactions of O1 with NDt as a 
function of collision, or relative, energy (Ej). The cross sections for 
individual product channels are labeled with the ion species assigned 
to the detected product masses (in parentheses, in amu). The data are 
plotted on the same scale as those in Figure 1, for ease of comparison. 

Two of the observed reaction channels may be assigned 
unequivocally. In both Figures 1 and 2, a cross section is 
observed that corresponds to the production of a 30 amu product, 
NO+. This channel is very small, with a cross section that does 
not exceed 0.3 A2 at any point, and giving rise to no appreciable 
product below ~7 eV. At the highest energies observed, this 
cross section appears to diminish. The other obvious reaction 
product is FhO+, observed clearly only in NH3 reactions since 
it is also a small channel and there are no coincident ions (for 
ND? reactions, D?0+ coincides with ND4

+, a secondary 
product). The HiO+ cross section is observed only at low 
collision energy, where it drops sharply from ~0.8 A2 to 
negligible levels with increasing energy. 

The largest cross sections in Figures 1 and 2 involve ion 
products of 17 and 20 amu, respectively. The early SIFT work 
on normal ammonia5 would suggest that these correspond to 
charge transfer, and the energy dependence of these cross 
sections, with a sharp decline with energy at low collision 
energies and a leveling off at higher Ej, is typical of exothermic- 
charge transfer in polyatomic systems. In either case, however, 
there are coincident ions, namely OH+ and D20+, respectively, 
which are discussed below. At low energy, the NH.i+/OH+ cross 
section is ~40 A2, substantially less than the SIFT and ADO 
results, and decreases until it levels off at a value of 3.7 A2 

above 6 eV. The ND?+/D20+ cross section is ~33 A2 at low 
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energy, and levels off at 2.4 A2 at higher energy. The remaining 
cross section, observed in ND3 reactions, involves product ions 
of mass 18 amu. possibly ND2

+ and/or OD+. This cross section 
is smaller than but of very similar form to the NDi+/D20

+ cross 
section, beginning at ~8 A2 at low energy, and falling to a value 
of 2.4 A2 at higher energy, with a slightly lower region at 2—3 
eV. Obviously, this channel cannot be distinguished in NHi 
reactions since the prospective products correspond in mass 
cither to the ion beam (NH2

+) or the main product (OH+). 

The small but non-negligible signal due to secondary reactions 
of product ions with NH.i(ND?) to give, largely, NH4

+(ND4
+) 

was treated as follows. For the ND3 case, the secondary "cross 
section" was added to the 20 and 18 amu cross sections in the 
proportion of these cross sections. This proportional partitioning 
is done since the rate constants for the relevant secondary 
reactions have sufficient scatter among published10 values as 
to justify an approximation of their being equal, for present 
purposes. The same branching fraction was assumed for the NH3 
case, and was used to derive a contribution to the charge transfer 
cross section from the measured secondary signal. A pressure 
dependence study was performed at selected kinetic energies, 
in which the NH3+ cross section was measured at a series of 
target gas pressures, and the results extrapolated to zero pressure; 
these results were found to agree with the above procedure to 
well within the cited error limits. 

Figures 3 and 4 show TOF results at selected collision 
energies for the 17 amu product of 0+ + NH3 reactions and 
the 20 amu product of O"1" + ND3 reactions, respectively. The 
plots are product ion laboratory velocity distributions for 
the velocity component parallel to the ion beam, ,/(v'p), and are 
obtained by transforming the raw product flight time data. The 
thin vertical dotted line in each spectrum indicates the velocity 
of the center of mass of the colliding species, VCM- This velocity 
comprises the origin of the center-of-mass (CM) reference frame, 
with faster ions corresponding to forward-scattered products (the 
ion beam direction being defined as "forward"), and slower ions 
being back-scattered. The scattering intensities in the trans- 
formed spectra are normalized to a maximum of 100. 

The velocity distributions in Figure 3, at collision energies 
of 1.55, 2.58, and 5.15 eV, show that ions of mass 17 amu 
deriving from reactions with normal ammonia, i.e., NH3+/OH+, 
are scattered in both the forward and backward directions. The 
dominant peak at low laboratory velocity in each spectrum 
corresponds to ions with essentially a thermal velocity distribu- 
tion. The small forward scattered component diminishes at 
higher collision energy. The 2.58 eV plot includes a second 
velocity distribution (dashed curve) obtained for the same 
product(s) with a low octopolc trapping potential, £/R|.- (~10 
Vrms. as compared to 100 Vnm normally). This TOF spectrum, 
which is scaled (by eye) so that its high velocity edge overlaps 
the same region in the normal spectrum, exhibits a pronounced 
drop in relative intensity in the region near VCM. indicating that 
the missing signal, due to ions not retained by the lower trapping 
field, is the result of wide-angle scattering as opposed to products 
associated with low recoil velocities in the CM frame. 

The velocity distributions in Figure 4 were obtained in 
experiments at the same laboratory ion beam energies as in 
Figure 3. The TOF spectra of the mass 20 amu ammonia-t/i 
products, ND3+/D20

+, are similar to those in Figure 3, the most 
remarkable difference being the slight peak in the forward 
scattered components in Figure 3, particularly evident at 
velocities just greater than 6000 and 9000 m/s in the data at £T 

= 2.58 and 5.15 eV, respectively. Given that the H20
+/D20

+ 

channel is negligible (see below), and that the data in Figures 

Mill 

\ 0+ + NH3 ->• NH//OH+ 

\ ET = 5.15 eV 

N.             'CM SS 
• 

T 1 1 1 1 r 1    1—1—1—1    1—'i    1 

KM) 

'- 
93 
U 

— 

a. 

100 

\                   V \                    CM; ET - 2.58 eV 

\V /low ^Rf     !         A 

v^-Uj- SS 
 • 

 1 7~-*T--r"   1  
2000 4000 6000 8000 

£T=1.55eV 

\           V ^—>.            CM 

1             1 

— _  ss 
ST 

1               1               1               1   ^~" 
200U 4000 M)(HI 

V im/si 
Figure 3. Laboratory velocity distributions for the NHi+/OH+ (17 amu) 
product of 0+ + NH3 reactions, transformed from ion TOF measure- 
ments at the collision energies shown. In each plot, the heavy solid 
curves comprise data obtained with normal RF trapping potential (L/RF). 

the thin vertical dotted line indicates the velocity of the CM of the 
collision system (VCM). and the downward pointing triangles indicate 
the spectator stripping (SS) limit for OH+ formation. In the middle 
frame, for Ej = 2.58 eV, the heavy dashed curve represents data 
obtained with low l/R(.. This curve is scaled (by eye) so that the high 
velocity edges of the data for normal and low CRF overlap. The heavy 
dotted curve represents the difference (A) between the normal and low 
C/RF data for the forward direction. 

3 and 4 are otherwise similar, it is reasonable to consider 
whether this forward-scattered component corresponds to OH+. 
Efficient formation of OH+ at higher collision energies would 
be most likely to occur in a stripping mechanism, resulting in 
forward-scattered product ions. The triangles in each frame of 
Figure 3 indicate the nominal spectator stripping (SS) velocity;11 

the SS model represents a limit of the stripping mechanism 
characterized by an association reaction between the incident 
ion and the transferred atom. 

If the forward scattered peak observed in Figure 3 is in part 
due to OH+ formation, the 1OW-(7RF data at £r = 2.58 eV may 
be used to determine an upper limit of the contribution of OH+ 

formation to the 17 amu cross section for the 0+ + NH3 system 
at this collision energy. The forward-scattered low-LW com- 
ponent represents 20% of the integrated velocity spectrum 
obtained at normal URF- The heavy dotted curve in the respective 
frame, labeled "A", is the difference between the two, and 
exhibits similar tailing to high velocity as seen in the 0+ + 
ND3 TOF data in Figure 4. Also noteworthy in Figures 3 and 
4 is that no significant forward "superelastic" scattering is 
observed; the same may be expected in the backward direction 
for complex-mediated reactions; therefore the absolute cross 
sections reported above should not be substantially affected at 
low energy by losses in the ion guide due to products with high 
backward kinetic energy release. 
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100 
P+ + NDj -> ND3

+/D20
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E1 = 5.56 eV 
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Figure 4. Laboratory velocity distributions for the ND3
+/D20

+ (20 
amu) product of 0+ + ND3 reactions, transformed from ion TOF 
measurements at the collision energies shown. In each plot, the dotted 
line indicates the velocity of the CM of the collision system (VCM). 

V |m/sl 
Figure 5. The laboratory velocity distribution for the 18 amu ions 
observed in the study of 0+ + NH3 reactions at Ej = 2.6 eV. The 
dotted line indicates the velocity of the center of mass of the collision 
system ( VCM). The prominent peak at low velocity suggests that the 18 
amu signal is due overwhelmingly to secondary reactions that produce 
NH4*. 

Figure 5 is a velocity spectrum of 18 amu ions derived from 
0+ + NH) collisions at 2.58 eV collision energy. These TOF 
data arc dominated by ions with a thermal velocity spectrum 
(the small bump at ~3000 m/s is representative of scatter in 
the data), and point very clearly to the NH4

+ ion, which is 
expected to be a prominent product of secondary reactions in 
this system.'" Reactions in which H^O"1" ions are predominantly 
scattered in the backward direction would be expected to occur 
infrequently, given that such rebounding collisions occur only 
in head-on collisions. Also, low-impact parameter collisions 
would be expected to be associated with high degrees of energy 
transfer, leading to forward scattering. Clearly, the TOF data 
in Figure 5 indicate that the probability for rhO"1" forward 
scattering is very small. The above-mentioned pressure depen- 

Levandicr ct al. 

dence study also suggested that the 18 amu ions observed in 
the 0+ + NHi reactions are the result of secondary reactions, 
and are not due to H;0+. 

If the normal and perdeuteroammonia exhibit similar tenden- 
cies, it follows from the examination of Figure 5 that the cross 
section for the 20 amu channel in Figure 2 is due to charge 
transfer, yielding ND3

+. The similarity of form between this 
cross section and the 17 amu curve in Figure 1 suggests that 
the latter is also predominantly due to charge transfer. This is 
supported by the above analysis of the Er — 2.58 eV TOF data 
in Figure 3, which suggests that OH+ is at best a minor 
contributor to the 17 amu signal. 

The upper limit established for the OH+ contribution to the 
17 amu signal from 0+ + NH, reactions at £T = 2.58 eV is 
small but non-negligible. This is relevant to the assignment of 
the 18 amu product ions from 0+ + ND3 reactions, shown in 
Figure 2. Efforts to gain insight into the relative contributions 
of ND2+ and OD+ using TOF measurements (at Ey = 1 eV; 
not shown here), in which backscattered products were the mote 
prevalent, were not conclusive. The suggestion of a stripping 
mechanism for OH+ formation and the observation of a larger 
backscattered component in 18 amu products of 0+ + ND3 
reactions points to a greater contribution of ND:+ at lower 
energies, while the upper limit for OH+, indicated above, allows 
for a substantial contribution of OD+ to the 18 amu cross section 
at ET = 2.6 eV. 

Discussion 

The present study of hypeithermal reactions of 0+ with 
ammonia indicate that several product channels occur, namely 
those producing the ions NH3+, NH2

+, OH+, H30
+, and NO+ 

(eqs 1, 2, 3, 6, and 9, respectively). The H20+ product (eq 5) 
was below the sensitivity of the present experiment (0.1 A2). 

Below 9 eV, charge transfer is the largest cross section 
observed in this study. The cross section is substantially less 
than the ADO capture cross section,"14 and diminishes to a 
small value at higher collision energies. As an exothermic charge 
transfer process, the reaction might be expected to occur in large 
impact parameter collisions in which typically no momentum 
transfer occurs. The small cross section, particularly at large 
collision energies where the capture mechanism is not relevant, 
suggests that this long-range mechanism is not efficient, which 
may be restated as there being only small coupling between 
the entrance and exit charge transfer channels. This small 
coupling may be explained by the requirement that the long- 
range charge transfer mechanism is quasi-resonant, and that the 
magnitude of the coupling depends on the near-resonant entrance 
and exit vibronic states having non-negligible Franck—Condon 
overlap.16 The photoelectron spectrum of ammonia17 shows that 
there is no Franck—Condon overlap for ionization to a state at 
the energy corresponding to the oxygen atom ionization 
potential, 13.62 eV.7 

The decline in the charge transfer cross section from its 
highest point at low collision energy has an energy dependence 
similar to that for the ADO model, which points to a complex- 
mediated charge transfer reaction, or a capture mechanism, at 
low collision energy. The TOF data in Figures 3 and 4 are 
consistent with this scenario: at low energies, charge transfer 
occurs largely in complex-mediated reactions, which give rise 
to both backward and forward scattering; backscattering also 
has a near-thermal direct contribution from long-range interac- 
tions with minimal momentum transfer. At higher collision 
energies, at which the complex-lifetime is much shorter than 
the rotational period, the direct mechanism dominates resulting 
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in predominantly backscattered product ions. The low-LW 
product velocity distribution shown for Ej = 2.58 eV in Figure 
3, in which the drop in signal about VCM indicates failure to 
trap products scattered at wide-angles, is also indicative of the 
complex-mediated mechanism as opposed to one involving a 
high degree of energy transfer with little kinetic energy release. 

The NH:+/ND2+ reaction product is nominally the result of 
hydride abstraction by 0+ from NH3/ND3. Formation of the 
OH(OD) product could also involve discrete charge transfer and 
atom transfer steps. The similarity of form of the ND2+/OD+ and 
charge transfer cross sections at low energies, in Figure 2, suggests 
that hydride abstraction competes with charge transfer. This might 
be expected at lower energies where the complex-mediated 
mechanism is observed, the complex lifetime allowing for sub- 
stantial exploration of the [D3. N, 0]+ phase space, including after 
charge transfer has occurred. The low contribution of OD+ to the 
cross section at low energies, suggested above, may be expected 
since this channel is only slightly exothermic and may require 
passage through a transition state that lies above the reactants. It 
is interesting to note that dissociative charge transfer, giving rise 
to NH2+/ND2+ by dissociation of the charge transfer product, 
becomes possible at collision energies above 2.2 eV, and this may 
explain the perceptible rise in the ND:+/OD+ cross section above 
this energy. 

The issue of the relative contribution of ND2+ and OD+ to 
the 18 amu cross section in Figure 2, unfortunately not resolved 
here, has broader implications. For example, if the hydride 
transfer channel is in fact negligible, then the TOF results in 
Figures 3 and 4 suggest an isotope effect that gives rise to 
considerably more kinetic-to-intemal energy transfer in the NDj 
charge transfer reactions, as compared to the NH3 case. 

Formation of the H30+ product, as per equation 6, involves 
the transfer of three hydrogen atoms between the heavy-atom 
moieties, a pathway that might be expected to occur only at 
low energies in a long-lived collision complex. The magnitude 
and energy dependence of the H30+ cross section is consistent 
with this interpretation. 

Except for the NO+ channel, reaction of 0+ + NH3 appears 
to yield products that are accessible on the quartet PES of the 
[Hi, N, 0]+ system, as calculated by Gonzalez, et al.6 If reaction 
is, in fact, constrained to the quartet PES, it may explain why 
several of the very exothermic reactions indicated in eqs 1 
through 9 are not observed. Gonzalez et al. concluded that the 
reaction on the quartet surface was expected to be dominated 
by charge transfer, owing to the fact that transition states leading 
to other products are at energies above that of the charge transfer 
products. 

The theoretical work also has interesting implications for 
the prospect of producing NO+ in the present reaction system. 
Although the NO+ product ostensibly may derive on an 
exothermic pathway in 0+ + NH3 reactions, as indicated in 
eq 9, the present experiments show that this product channel 
gives appreciable yield only at collision energies above ~7 
eV. On the quartet PES, all the observed complexes could 
be characterized as having relatively weak interactions 
between the heavy particle moieties, whereas the stable 
structures on the doublet PES were seen to have covalent 
N—O bonds.6 This suggests that the observed NO+ product 
involves a crossing from quartet to doublet surface, as 
required by eq 9. The present experiments, however, are not 
conclusive on this point. Indeed, the apparent threshold for 
the NO+ channel, at ~7 eV, is well above the collision energy 
required to produce this ion in its first excited state, a(32+).18 

The formation of triplet excited NO+ is spin-allowed. A 

similar observation was made in the reactions of N+(-'S) with 
H2O, in which the NO+ channel, which at low energies 
proceeded on the exothermic singlet surface, was seen to 
undergo a sharp rise in cross section at the collision energy 
corresponding to access to the spin-allowed triplet PES.19 

The spin conservation constraint proved important in the 
interpretation of the related 0+ + CH4 reaction system.-''4 Direct 
dynamics calculations' revealed that all the minor product 
channels observed for that system in experiments4 could be 
accounted for in spin-allowed reaction pathways. Another result 
of the 0+ + CH4 direct dynamics work that may offer insight 
into the present results is that the calculations show that OH+ 

derives from a stripping mechanism, involving large impact 
parameters and leading to forward scattered ions. If the small 
forward-scattered peaks in the present TOF data in Figure 3 
are due to OH+, then it is produced in 0+ 4- NH3 reactions by 
a mechanism similar to that seen in the 0+ + CH4 system. These 
calculations also indicate that products with a C-0 bond form 
only at small impact parameter, which may hold also for the 
analogous NO+ product in the present work. 

Conclusion 

We have used the GIB method to study the reactions of 0+(4S) 
and NH3LY 'A|) in the hyperthermal energy regime, obtaining 
absolute integral reaction cross sections as a function of collision 
energy from near-thermal to ~15 eV, as well as product velocity 
distributions at selected conditions. Reaction is dominated at lower 
energies (Ej < 9 eV) by charge transfer, the only channel 
previously detected for this system.5 Reactions with NDi allowed 
another major channel to be discerned, yielding ND2+/OD+ 

throughout the energy range studied. Minor products also observed 
for this system included HjO"1" at the lowest energies studied, and 
NO+, a channel that turned on only at collision energies above 
~7 eV, and possibly F^O"1". 

The results were discussed in light of the available theory 
on the 0+ + NH3 system;6 however, interesting questions 
remain, notably the issue of whether crossing from the 
reactant quartet PES to a lower doublet surface is possible. 
Other questions that may be addressed, for example in direct 
dynamics studies, are the relative contributions of the NH2+/ 
OH+(ND2+/OD+) channels through the thermal and hyper- 
thermal energy range, and isotope effects. It is hoped that 
the present study provides a stimulus and a useful benchmark 
for further theoretical investigations on the 0+ + NH3 system. 
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