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Electron Transfer to SFg and Oriented CH3Br
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Previous experiments have suggested that different negative ions are formed by electron transfer to different
ends of a molecule. To investigate this possibility, a crossed molecular beam apparatus has been constructed
to mass-analyze the ions produced in collisions between fast K atoms and oriented molecules. Initial studies
are reported on ion formation in collisions of unoriented 8fd oriented CkBr. For lab energies: 5—30

eV, Br is the only ion observed from GBr, and its formation is favored by attack at the Br-end of;BH

The Br and CHends have the same energetic threshold for forming 8F~, Sk, and F ions are observed

from Sk and @~ from O,. These ions are formed over a range of energies unlike those formed by electron
attachment and suggest that the nascent negative ion can be stabilized by the accompanying positive K

I. Introduction neutral, which usually corresponds to the repulsive wall of the
. . . ) ) . negative ion potential. Such a negative ion is thus most likely
Steric considerations are an ingrained aspect of chemicaliy “zutodetach (reform the electron and neutral) although

thought and a number of experiments have recently directly molecular negative ions can dissipate energy by breaking
probed the role of orientation in chemical reactioh.These chemical bonds to give radical negative ions.

effects seem to be especial]y significant in elgctron transfer In contrast to the gas phase, molecular negative ions are found
bhetween |n|t_|ally neutral_;peqes as shov;:/)n by Xo'lnfg épé}'llT . in condensed phases because the solvent can deactivate the
tb ese experlme?ts, positive lons were c&}ls__r?]rvle :om Cﬁ. |ﬁ|0ns excited anion, and these anions play an important role in many
etween neutral potassium atoms ancy olecules wnic chemical and biological electron-transfer processes. While it
had been oriented in space. Attack at the Br-end of the moleculemight thus seem that gas-phase (or molecular beam phase)
F;Oduhcﬁg ;no:ﬁ p(ésmv%lons t3a7n a\jtlhegalﬁtﬂ. Tr;e etrk:ergetlc experiments would be useless in addressing some issues in
reshold for the Br-end was 0.7 eV lower than for the G electron transfer, negative ions formed in atomic collision

end, sugge§ting that attaCk at different ends of the molecule between neutrals ardifferentfrom the negative ions formed
produced different negative ions. _ by electron bombardment. Los and co-workers, for example,
These electron-transfer experiments exemplify the harpoon modeled ion formation in collision with alkali metal donors;
mechanism of Magee, et &lin which an electron is transferred  they concluded that during the collision, “bond stretching” in
from an alkali metal atom to a halogen-containing molecule to the nascent molecular negative ion occurred due to the proximity
form a transient ion-pair, which may then further interact to of the positive alkali metal iof’ This stretching allowed the
form neutral products. (Considerable evidence supports this negative ion to more closely assume the geometry of the stable
mechanism, the most direct being the present observations thahegative ion, and the electron affinity measured corresponded
ions are formed if enough energy is available to separate the {5 the adiabatic (thermodynamic) electron affinity, being the
charges?~!) Transient negative ions are formed in many other gitference in energy between the neutral in its ground-state
chemical reactions, especially those in solution, the most obviousgeometry and the energy of the ion in its ground-state geometry.
examples being those in electrochemical cells. In contrast, electron attachment measures the vertical electron
How is the electron transferred? Ever since the days of J. J. affinity, the energy difference between the neutral and negative
Thompson'® the interaction of electrons with matter has been ion with bothin the geometry of the neutral. (This is likely to
of enormous practical and theoretical intefésAlthough both be negative; a vertical transition with the geometry of the neutral
positive and negative ions can be formed by electron impact in would usually lead to a repulsive portion of the anion potential.)
the gas phase, attention has been mostly focused on positive Formation of negative ions during collision, even during gas-
ions since they are more robust and more convenient to handle phase collisions, is thus a potential tool for exploring molecular
Any negative ions formed by electron attachment are inherently negative ions found in solution. To investigate the possibility
unstable because the total energy is above the dissociation limitof electron transfer being site specific, our oriented molecule
to a free electron plus neutral atom or molecule. Even if a stable gpparatus has been modified to identify the ionic products in
molecular ion exists, the FraneiCondon principle requires the  collisions between fast alkali metal atoms and oriented mol-
nascent negative ion to be formed with the geometry of the ecules. Methyl bromide is oriented, ands&used as a calibrant
because it is spherically symmetric and has no mass combina-
* Author to whom correspondence should be addressed. tions in common with CkEBr. These collisions were expected
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TOF A If no high voltage is applied, molecules pass through the
& e hexapole without selection, and a weak, unseleeted random
beam results. Likewise, no deflection or selection results for
molecules without dipole moments, such asdD Sk;, or for
molecules without first-order Stark effects, such asChHl For
these molecules a weak bi@ndombeam also results.

B. Fast Alkali Atoms. Alkali metal atoms are produced with
energies in the ©30 eV range by surface ionizing atoms on a
hot W filament, accelerating the ions by a voltage on a grid,
and then allowing the ions to resonantly charge-exchange with
the alkali gas as they pass through the o¥eAny residual
ions in the beam are swept out by an external electric field,
resulting in a beam containing only neutral species. The
Figure 1. Schematic diagram of apparatus. A seeded supersonic beamaccelerating voltage is taken to be the nominal energy, and the
emerges from nozzle N, passes throu_gh a skimmer for collimation, anq well-known electron affinities for various $kons are used to
can be modulated by chopper C. An inhomogeneous hexapole eIeCtr'ccaIibrate the energy. Unfortunately, space charge effects greatly

field H passes molecules iIKM> states with KM < 0. These tt te the b t . d | t rat
molecules are oriented in a uniform field. The oriented beam is crossed @lt€nuate the beam at low energies, and very low count rates

by a beam of fast K atoms formed in a charge-exchange oven O. An aré observed near threshold.
electrostatic field removes any ions from the alkali beam and the  C. Coincidence Time-of-Flight Mass Spectrometerlon-
collisions studied are between neutral species. One time-of-flight izing collisions between the fast K atoms and the oriented

detector detects positive ions, and the other negative ions. The pmemialsmolecules produce Kions and M ions which are detected in
on the TOF detectors can be swapped to reverse the direction of

orientation of the molecules. separate time-of-flight (TOF) WileyMcLarer?* mass spec-
trometers. The molecular beams are continuous so the time zero
and transit time through the mass spectrometer is unknown. But
;the ions are created simultaneously and the (unknown) time zero
ds thesamefor both ions. If the mass of the positive ion (almost
certainly K*) and the dimensions and voltages are known, then
the timedifferenceis a measure of the mass of the negative

ion.

A schematic diagram of the mass spectrometer is shown in
Figure 2. This design was inspired by those of Dunning and
The apparatus shown in Figure 1 is a modification of that Meyer?>26 The orientation of the symmetric-top molecule at
used earliet®2°Neutral beams of oriented molecules are crossed the reaction center is determined by the direction of the local
with a beam of fast neutral potassium atoms. If the energy of electric field which needs to be parallel or antiparallel to the

the colliding pair is sufficiently high#3—4 eV), an electron relative velocity. lons formed in the collision will be extracted
transfer creates a positive ion and negative ion which are along the electric field, so the mass spectrometer array is rotated
detected in separate time-of-flight mass spectrometers. The masg5° With respect to the K beam to provide a field roughly parallel
spectrum can be obtained for attack of the K atom at the Br- (antiparallel) with respect to the relative velocity. To reverse
end or CH-end of CHBr. the orientation of the molecules, the direction of the electric
A. Oriented Molecules.A seeded (90% He) supersonic beam field must be reverse_d, r.equiring reversal of the pqlarity of all
is passed through a 1400 mm hexapole electric field containing of the elegtrodes which in turn reverses the dlre(':t.lon 'the ions
no apertures. Symmetric-top molecules with a permanent dip0|etravel. A given TOF detector will thus collect positive ions in

to be different from those of free electrons (or Rydberg
electrons), and that expectation is confirmed: the nascent alkal
metal ion acts as a solvent to deactivate the nascent negativ
ion.’® The only negative ion observed for GBt is Br-, and

this is preferentially formed by Br-end attack.

Il. Experimental Section

moment, such as GBr, have first-order Stark effedsand one orientation and negative ions in the other. The two TOF
are deflected in an inhomogeneous electric field. In a hexapole 4€tectors are thus made identical.
electric field, molecules iRJKM> states are focused if KM lons formed in the electron-transfer collision are accelerated

0 and defocused if KM> 0, so the hexapole field acts as a toward their respective detectors by the electric field between
filter which passes molecules in states with KMO0. These the two TOF detectors. The ions then enter a field-free drift
molecules fly adiabatically into a region of uniform fietd 300 tube, and are deflected upward by & 48ectrostatic mirror
V/em. Molecules in these selected states ariented with into a second field-free region. The 57 mm diameter electrodes
respect to the direction of the weak field and the field direction are spaced 6 mm apart with a 25 mm diameter opening.
can be reversed to presen[ either the Br- Or3'@Hd to the Elements in the mirror section are 2 mm apart. The pOSitive
incoming beam of K atoms. The rotationally averaged orienta- ion and negative ion TOF sections are separated by 14.5 mm
tion is [@os O0= KM/(J(3+1)) where® is the average angle and the overall “drift tube” distance (triangular region of Figure
between the symmetry axis and the electric field. The quantum 2 (right) + drift tube, D) is 128 mm. Grids are 95% transparent
probability distribution ford depends on J, K, and M. Even at Ni mesh (BuckbeeMears) and the ions are detected with
rotational temperatures of a few K, several rotational states areGalileo microchannel plates with an active area 25 mm diameter.
still populated resulting in a distribution of orientations. This Typical operating voltages ate1450,4600, +600, and O for
distribution is relatively monoton# and can be thought of as D, A, M1, and M2, giving a field strength in the collision region
an assembly of tops precessing about the field direction at of about 300 V/cm. Relatively high potentials were used to
various angles). If the direction of the electric field is changed, ~Minimize the loss of ions with appreciable transverse velocity
the motion of the tops follows the field, keeping the same Ccomponents.

guantization with respect to the field, but changing directions  To avoid charge-up problems associated with oil contamina-
in the laboratory. This distribution of orientations restricts our tion, the entire mass spectrometer assembly is contained in a
interrogation of the sample to “Br-end” vs "Gténd". UHV chamber pumped by a Varian triode ion pump. The beams
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Figure 2. (left) Top view of dual TOF mass spectrometer. The mass spectrometer is rotated about the beam intersectiso thya®the electric
field is roughly parallel to the relative velocity vector. (right) Front view showing the beam intersection as a target, the ion mirror, and drift tube
region. lons are accelerated by potentials on the accelerator, A, and the drift tube, D, and reflected by the mirror M1 and M2. Intermediate potentials

are placed on guard plates, G, to keep the field as uniform as possible. The beams, shown on left only, pass through holes cut in field plates and
grids.

For a molecule such as §Fa variety of different negative ions
1 ight could be produced, such as,&~, Sk, and Sk, and in some
i fastions cases the lightest ion is the negative ion. The negative ion pulse
] was delayed with a Stanford Research Systems digital delay
4 | generator in order to accommodate these possibilities.

\
| m—— L, % f\ } lll. Results
% 5 == Mass Spectra.Different detectors with different efficiencies
v

i

: t At . . .
fL SR must be used for different orientations of a molecule. To

i| compare signals from the different detectors, a small amount
Cesess wd N of a nonorientable gas (gFis added to the CkBr/He gas
o Sou Bns mixture in the nozzle beam reservoir; typicallye3FH;Br:He
Figure 3. Principle of coincidence time-of-flight mass spectroscopy. was 3%:7%:90%. Reaction of §k independent of the elec.trlc-
lons are created simultaneously by the electron transfer collision which field afrange.memaa”d can be useq to account fqr the (.jl'fferent
occurs in an electric field serving not only to provide an axis for detection efficiencies, as well as different beam intensities on
guantization but also to accelerate the ions. Positive and negative ionsdifferent days. Figure 4 shows typical coincidence time-of-flight
are drawn to their respective detectors. The flight distances and field spectra taken on different days for such a mixture with a 15.5
_strengths are equiv_alent for the_two ions, so the_lighter io_n_(the positive eV (lab) K atom beam. At these energies considerable frag-
ion here) arrives at its detector first and starts a time-to-digital converter entation occurs in SFand the ions SE, F-, and Sk~ are

_(TDC) The heavier ion arrives afteratlme and stops t_he TDC V\_/hlch all observed. The only ion observed from €84 is the Br-
is then read by a computer. In practice, the negative ion pulse is always. A - Kis f I leak which | led
electronically delayed so that it provides the stop pulse. lon. An O~ peakis from a small leak which was later sealed.

A small number of electrons is observed from background

enter and exit the UHV chamber through holes which can be collisions.
sealed with mini-gate valves when the beams are not running. A difference in transit time is apparent for the two orienta-
Operating pressures are typically in the high8Torr range. tions, which can be understood from Figure 1. In the “straight-

The coincidence technique used here differs slightly from through” (ST) orientation, the Kion is detected by TOF A,
those more commonly used where the flight time of an ion is but in the “turn-around” (TA) orientation the positive ion is
measured by starting a clock with an electron or photon. In the detected by TOF B. The initial velocity of the K atom is away
present experiments the positive and negative ions are offrom TOF B, and the K species must stop and turn around before
comparable mass and have comparable flight times. The positiveheading to detector B. This makes the flight time for linger
and negative detectors must be identical so that polarities canin the TA orientation, which can be seen in the arrival of the
be reversed to reverse the direction of orientation. The basicelectron (which corresponds to a"Ke™ pair). The heavier
idea is sketched in Figure 3; the positive and negative ion are negative ion is less affected by the choice of detector A or B,
created simultaneously and have the same time zero. Each iorand its travel time is roughly constant in the TA and ST
is accelerated to its respective detector, and the electronic pulserientations. The time difference between theaad the heavier
from the first ion to arrive is used to start a Lecroy 2228A time- negative ions in the TA orientation is then smaller than in the
to-digital converter (TDC) modified to have a full-scale range ST orientation, as shown in Figure 4.
of 10us. The second ion stops the TDC and the tdiference If the energy of the fast atom is zero or if the fast-atom beam
At, is read by a computer. Since the positive ion is most likely is blocked, there are no coincidences. If the atomic beam is
K* in these experimentsAt and the physical parameters energized but the molecular beam is blocked, there are small
(distances and voltages) determine the mass of the negative ioncoincidence signals arising from collisions of fast atoms with
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Figure 6. Enlargement of TOF mass spectrum showing Btensities

in the TA and ST orientations. The ST signals are normalized to make
the Sk~ reference signals equal for the two orientations. The TA signal
is bigger and corresponds to attack at the Br-end ofEZH

Figure 4. Coincidence TOF spectra for collisions of 15.5 eV K atoms
with a CHBr/SK beam. The clock is started by positive ion pulses
and stopped by negative ion pulses delayed hys4Negative ions
lighter than K would arrive earlier than K and are shown with
negative At. TA and ST are “turn-around” and “straight-through”
orientations discussed in the text. The spectra are normalized to havenegative ion mass appears lighter. Similar shoulders are observed

the same integrated §Fsignals, but distortion in the peaks requires  on other peaks. The mass scale is determined experimentally,
that intensity comparisons be made from peak areas and not heightsy, ;t it agrees with electrostatic calculations to about 3%, which

I(;r:gtg:sthsgr? ?:]n:rr‘r;tg_?_ Errigéfgﬁsgz )'n the TA orientation is 1.3 times is the uncertainty in the voltages applied to the various
' electrodes.

Figure 6 also shows the effect of orientation on the production
of Br~. The signals from the straight-through (ST) orientation
are normalized to make the $Fsignals the same in the two
orientations. More Brions are produced in the TA orientation,
which corresponds to attack at the Br-end of the;BH
molecule.

Energy Dependence: SE The most abundant ion in the
energy range covered in these experiments is the fragment ion,
Sk, which is unambiguously identified because the mass is
the same as that of Iwhich we observe from Cfil Smaller
amounts of SF~ and F are also observed. The experimental
0 W integrated intensity’(E), of a negative ion (i) at enerdy for
PRI EFUTINS SPUPRES RPN EUUTETIS SR SR STRr a specific orientation (&= ST or TA) is given by

0 20 40 60 80 100 120 140 160
Mass S(E) = ¢°%(E)IsD°
Figure 5. Coincidence TOF spectra for 9.5 eV (lab) K atoms colliding
with a CHBr/SF; mixture in the turn-around orientation corresponding whereo?;(E) is the cross section for formation of ion i at energy
to attack at the Br end of GBr. The top spectrum is taken with the  E from orientation oJc is the intensity of the gas beany, is
high-voltage he>§apole field on, the middle wjth the hexapole field off, e intensity of the K beam (which varies B¥2 because the
and 'ghe bottom is the oroff difference showing the signal due only source is space-charge limité@), andD° is a detector function
to oriented molecules. . - : i o
which depends on orientation. The laboratory kinetic energy of
the K atom is taken to be the accelerating voltage for the K
Yons inside the charge exchange oven. The CM ener@yis
= 1/2u(vk? + ve?) whereu is the reduced masexmg/(mg +
mg), v andm are speed and mass, respectively, and subscripts

160 v
9.5eV(

e
b) . SF.-

120 [

[}
o
T

Intensity (arb)
P
o

background gases. These are discriminated against by takin
data with the high-voltage hexapole field on and off, as
illustrated in Figure 5. With the high voltage off, a weak
unoriented beam of CiBr and Sk results in the middle
spectrum. When high voltage is applied, thes $fensity is G and K denote ga_s or K. . N

unchanged, but the GBr intensity increases because these Unfortunately, neither the absolute intensities nor the detector
molecules are focused and state-selected in the hexapole, anénction are known, and they are likely to vary from run to

it is these molecules which are oriented. The difference is shown "'un. But for a specific gas mixture, the intensities of all ions
in the lowest spectrum. Signals from Sfinfocused ChBr are measured under the same conditions of beam intensity and

and other background signals are subtracted out, and the resulfi€tector function. SincB® is found to be roughly independent
represents just the signal from the oriented molecules. of energy, the unknown beam intensities and detector functions

An enlargement of the Brpeak from CHBr at 9.5 eV (lab) can be removed by defining the relative cross sectiofis(E),

is shown in Figure 6 where splitting due t®Br and 8!Br is relative to SE™ at 20 eV

evident. A shoulder is also visible at lower mass which is due "

to the mass 41 isotope of K present to about 7% in the beam. 0 _ S)i(E)ZOB

The heaviefK isotope moves to the detector more slowly than o r(E) = L 5(20)E3’2 )
3%, so At is smaller when the clock is started B and the SF
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Figure 7. Relative cross section near threshold for formation of SF
vs nominal CM energy. Error bars atel ¢ calculated from Poisson
statistics. The line is a linear least-squares fit.
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Figure 8. Relative cross section for formation of ks nominal CM
energy. Error bars arg-1 ¢ calculated from Poisson statistics. The
line is a linear least-squares fit to the lowest few points.

Cross sections relative to $Fat 20 eV (lab) are shown in
Figures 7— 10 for Sk~, F~, Sk, and Br respectively. For

the Sk species, the relative cross sections are calculated using

the sum of ion intensities (HV-or HV-off) averaged over
the TA and ST “orientations”.

Orientation of CH 3Br. The relative cross sections for Br
produced in the TA and ST orientations are shown in Figure
10, where the data have again been normalized to the SF
intensity at 20 eV in both the TA and ST configurations. For
CHg3Br the relative cross sections shown in Figure 10 are the
HV-on — HV-off differenceillustrated in Figure 5.

The cross sections are clearly different, and depend on energy.

To clearly emphasize the effect of orientation, we define the
steric factor,G, as the cross section difference divided by the
cross section sum,

05 (E) — 0% (E)
G(E) =
©® 0"5(E) + 0°T5,(E)

G is zero if there is no orientation difference, and G is one
if only one end of the molecule is reactive. The steric factor
for the formation of Br is plotted in Figure 11 and shows that
the orientation becomes more important at low energies, with
the Br-end of CHBr being favored by a factor a£2 at energies
near 5 eV.
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Figure 10. Relative cross section for production of KBr~ ion-pairs
from oriented CHBr vs nominal CM energy. Lines are least-squares
fits and yield a common threshold ef5.3 eV.
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Figure 11. Steric factorG vs CM energy corrected using Son
thresholds. If reactivity were the same at both ef@ls; 0; if only one
end were reactivei would be+1, depending on the polarity of the
oriented molecule. Open symbols are data of Xidgnd refer to
formation of all positive ions.

IV. Discussion

lon Formation in SFe. As anticipated, the dominant negative
ion is Sk, but Sk~ is formed in appreciable amounts at
collision energies as high as 20 eV. This is in agreement with
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TABLE 12
threshold (eV)
experimental
ion uncorrected corrected theoretical
Sk~ 4.63+0.19 3.29
Sk~ 5.41+ 0.10 4.49
T A+X+o F 6.26+ 0.19 4.84
A (T W e Br— (CH3-end) 527:003 405 } 106
2 P s Br— (Br-end) 5.29+ 0.08 4.07
aThese values used for energy calibratibBata: 1P(K)= 4.34°
it eV; EA(Br, F, Sk, SF) = 3.36%1 3.45% 1.054243 3.8"eV; BDE
i (F—SFs, CHs—Br) = 3.95% 3.0845
. A+ X
\_/ o experiments is greatly stabilized, and may well be stable, but
v X the lifetime has not yet been determined. Very few free electrons
A are seen, and these small signals seem to be from background
processes, suggesting that stabilization of the negative ion is
AX" favored over autodetachment. The degree of stabilization will

Figure 12. Schematic diagram of electron interactions with molecule probably depend on both the donor and acceptor, since electron
AX. If AX ~is bound, it is likely to have a weaker and longer bond. affinities measured with fast Rb atoms for €€lusters are
Attachment of a free electron to AX will occur in a vertical, Frarck  pelieved not to be the adiabatic electron affinities suggesting
be formed n & state Iying above the neuiral molecuie. This siate is "COMPIEte relaxation of the cluster anidis.

e . L .
likely to rapidly autodgtagh the electron to reform the neutral plus Energy Thresholds. The kl_netlc energy of the_ K aFoms IS
electron, although it may also be stabilized by dissociation into assumed to be the accelerating potential for theids in the
fragments. The addition of a nearby positive ion core during electron charge-exchange oven. In Xing's earlier work the speed of the
attachment provides a “third body” which can stabilize the negative atoms was measured, and found to agree well with the nominal
ion in a nonvertical process. accelerating voltage. Unfortunately, subsequent modifications

in the charge-exchange oven make this calibration suspect and
previous studies on collisional ionizat®n3 but in sharp  the collision energy is calibrated using the thresholds for the
contrast to studies with free electrons where conservation of various Sk ions.
energy requires that a negative ion be formed in a state lying  The apparent thresholds for formation of various ions, taken
above the autodetaching limit. Free electrons fonetastable from Figures 710 are shown in Table 1. The energy scale is
SFs~, but only from electrons with essentially zero kinetic calibrated by linear interpolation of the Sien thresholds, and
energy?! At higher energies, electrons can be resonantly the corrected Brthreshold after calibration of the beam energy
captured to form various fragment ions such ag Snd F. is 4.05 eV, in good agreement with the theoretical threshold
In the present experiments these ions are formed over a widecalculated from ionization potentials, electron affinities, and
range of energies, and they are formed frorg 8Rich has been  bond dissociation energies. (The leak causing thén@urity
cooled in a supersonic expansion with a rotational temperaturementioned earlier was repaired before the lower energy scans
~ 4 K32 were taken, and ©was unavailable as a calibrant.)

Extensive studies with Rydberg atoms have shown that for ~ Steric Effects in CHzBr. The only negative ion observed so
large values of principal quantum numberRydberg collisions far3¥from CHgBr is Br—. This ion is found to be more likely
are essentially collisions of “free” electrofs3* This is under- formed in the turn-around orientation where the positive ion
standable since the highly excited electron is far from the detector is TOF B in Figure 1. Since the hexapole field selects
nucleus and is only barely bound; in short, the high Rydberg molecules in states in which the energy increases with field,
electron is essentially a free-electron. But deviations from free the negative end of the molecule points toward negatively biased
electron behavior are observed at “intermediate” values of n detector B. In this orientation the negative end of the molecule
because these electrons are more tightly bound, the nucleus iss attacked, and we assume the negative end is the Br-end of
closer, and the nucleus can interact with an incipient negative the molecule.
ion in a “post-attachment interactiofs:86 The Br-end of the molecule is the more reactive end at all

The collisions of ground-state atoms in the present work energies, and the Br-end is roughly twice as reactive as the CH
represents the limiting behavior of low Rydberg atoms: the end at low energies. As shown in Figure 10, the Br-end and
electron is not free, and the nucleus plays a profound role in CHz-end cross sections have the same apparent threshold. This
the collision. In contrast to the attachment of a free electron, a might seem in contradiction to the earlier data of Xing which
collision with a ground-state atom can produce a negative ion reported somewhat larger reactivity ratios and which suggested
by electron attachment and the nearby nucleus can almostthat the Br-end and Cddend might have different energetic
simultaneously deactivate the excited negative ion. Thus, thresholds.
collisions at 20 eV can easily transfer an electron tg, 8fich But Xing detected only the positive ions formed in the
can fragment to SF or be deactivated by interaction with the collision. If a negative ion other than Bis formed this would
K* core to form SE-. (Similar considerations apply to 0O have been included in Xing’s experiments although it would
electron attachment toQields O, but as shown in Figure 4, not be included here. For example, if the parent negative
we observe @, and not O. The molecular negative ion is  molecular ion CHBr~ were formed, Xing might have measured

stable against autodetachment in only the first few vibrational
levels3” so the collision apparently produces an ion in a low-
lying vibrational state.) Thus the $F observed in these

its threshold in one orientation. (We have not observegBeH
although we have independently observed the parent negative
molecular ion CEBr- and defer a detailed study to use a
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calibrant other than S5 The present (K, Br~) coincidence

signals do not include any contribution from other ions and show

J. Phys. Chem. A, Vol. 103, No. 49, 19980041

(12) Baede, A. P. MAdv. Chem. Phys1975 30, 463.
(13) Lacmann, KAdv. Chem. Phys198Q 30, 513.
(14) Los, J.; Kleyn, A. W.Alkali Halide Vapors Davidovits, P.,

that although the signal depends on orientation and energy, theMcFadden D. L., Eds.. Academic Press: New York, 1979; p 279
threshold is determined only by the energy, as is to be expected " (15) Thompson, J. Proc. R. Soc. (Londor}913 89A 1. '

from thermodynamics.

V. Summary

Collisions of fast potassium atoms with SBnd CHBr
produce ions which have been identified. lons froms 8Fe

different from those expected from electron impact and suggest

that the nascent Kion can play the role of a solvent and
deactivate the nascent negative ion.

The CH;Br molecule can be oriented prior to collision. More
Br~ ions are formed when the Br-end of the molecule is

(16) Electron—Molecule Interactions and Their Applicatian€hristo-

phorou, L. G., Ed.; Academic Press: Orlando, FL, 1984.

(17) Aten, J. A,; Los, JChem. Phys1977 25, 47.
(18) Nalley, S. J.; Compton, R. N.; Schweinler, H. C.; Anderson, V. E.

J. Chem. Phys1973 4125.

(19) Wiediger, S. D. Ph.D. Thesis, Rice University, Houston, TX, 1998.

(20) Xing, G. Ph.D. Thesis, Rice University, Houston, TX, 1993.

(21) Townes, C. H.; Schawlow, A. LMicrowave Spectroscopy
Dover: New York, 1975.

(22) Brooks, P. RiInt. Rev. Phys. Chem1995 14, 327.

(23) Helbing, R. K. B.; Rothe, E. MRev. Sci. Instrum1968 39, 1948.

(24) Wiley, W. C.; McLaren, |. HRev. Sci. Instrum.1955 26, 1150.

attacked, but the energetic threshold is the same regardiess of (2°) Kalamarides, A, Walter, C. W, Lindsay, B. G.; Smith, K. A.

orientation.
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