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7.2 eV respectively have the same dissociation limit. Similarly, the resonances at 1.8 and 3.5 eV in the O−

channel in NO2 appear to have same dissociation limit of NO (X 2�) + O−, while the resonance at 8.5 eV
appears to dissociate to give NO (a 4�i) along with O−. We find considerable internal excitation of the
neutral fragments in all these cases along with that of NF3, whereas the negative ion resonance in H2O2

appears to fragment almost like a diatomic system with very little internal excitation of the OH and OH−

fragments.
egative ion resonance

. Introduction

Dissociative electron attachment (DEA) is a dominant process
n low energy inelastic processes in electron–molecule collisions.
he resonant electron attachment to molecules and the subsequent
ecay of the resonance through electron ejection or dissociation

eads to the formation of vibrationally and electronically excited
olecules, radicals and negative ions, all of which could take part

ery efficiently in various chemical processes leading to a wide
ariety of applications. The importance of low energy electrons
n inducing chemical reactions has been further enhanced by the
otential for chemical control by site/bond selective fragmentation
f molecules in DEA [1,2]. In this context, it is important to study
he DEA process in individual molecules for the information on
he product distributions, their kinetics and the cross-sections. The
inetic energy data of the fragment ions provide important infor-
ation on the dissociation limits and the internal excitation of the

roducts. The secondary chemical reactions in which the products
f the DEA process participate will be crucially dependent on their
nternal excitation. The kinetic energy data also provide informa-

ion if the dissociation is a two-body or a three-body process. In this
ommunication, we present measurements of fragment ion kinetic
nergies from DEA to SO2, NO2, NF3 and H2O2 for which very little
r absolutely no data exist.
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SO2 and NO2 are known industrial pollutants and controlling
their emission is crucial for protection of the environment. In addi-
tion, these are benchmark molecules for studying electron collision
from electronically excited molecules. The UV absorption property
of SO2 to form excited states has allowed some of the very first mea-
surements on dissociative electron attachment to electronically
excited molecules [3–5]. Similar measurements could be carried
out on NO2 also due to its strong absorption in the visible region.
So far there exist no information on the kinetic energy of fragment
ions from SO2 and NO2 due to DEA.

NF3 is important as a fluoride source in dry etching applications
in semiconductor industry due to its larger cross-section for the
production of active radicals as well as in preventing carbonaceous
deposits [6,7]. It is also found to be environmentally friendlier as
compared to perfluorocarbons like hexafluoroethane and sulphur
hexafluoride [8]. Kinetic energy of fragment ions from NF3 arising
from DEA has been measured earlier [9]. However, as discussed
later, there appears to be some discrepancy in the results, which
we clarify by repeating the measurements.

Hydrogen peroxide is an important minor constituent of earth’s
atmosphere and its reaction with SO2 could be the main source of
H2SO4 in the atmosphere. In addition, H2O2 is an agent in the for-
mation of HOx in the troposphere and in the stratosphere [10]. It is
also an important molecule in the ozone cycle in the atmosphere
as the product of the reaction of O3 with H2O. Hydrogen peroxide

is important in the radiation damage of biological tissues as it is a
product in the radiolysis of water [11]. It is generated by the recom-
bination of hydroxy- radicals formed as one of the primary products
of water decomposition by radiation and its behavior towards low
energy electrons is directly related to radiation damage of biolog-

http://www.sciencedirect.com/science/journal/13873806
http://www.elsevier.com/locate/ijms
mailto:ekkumar@tifr.res.in
dx.doi.org/10.1016/j.ijms.2009.09.009
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of the finite energy spread of the electron beam. For electron ener-
gies below the peak cross-section, the higher energy side of the
electron beam will have larger contribution to the ion intensity,
whereas at energies above the resonance peak, the lower energy
part of the electron beam will have a disproportionate contribu-
0 D. Nandi, E. Krishnakumar / International

cal material. Measurements on DEA to H2O2 have shown that it
as very large cross-sections for the formation of OH and OH− at
ery low electron energies [12]. So far there exists no information
n the dynamics of the DEA process for this molecule. The kinetic
nergy data of the fragments is expected to provide some input on
his aspect.

. Experimental

We measure the kinetic energy of the fragment ions using the
ime-of-flight technique described earlier [13]. The ions produced
y the interaction of a pulsed electron beam are extracted into a lin-
ar time-of-flight spectrometer of Wiley–McLaren geometry using
small extraction field. The small extraction field and limiting aper-

ures allow only the ions ejected along the flight tube axis and those
pposite to it to be detected. The ions ejected in the forward and
ackward directions to the flight tube axis arrive at the detector
ith finite time difference, �t, which is a function of their initial

inetic energy (Ek) and the ion draw out field (E1), given by the
xpression [13]

t = 8 · mi · E1/2
k

qE1
(1)

here mi and q are the mass and the charge of ion, respectively.
If the above time difference is large enough, the mass spectrum

ill show two distinct peaks for a given mi/q value corresponding
o ‘direct’ and ‘turn-around’ ions. Using the measured �t we could
btain the kinetic energy,

k = (qE1�t)2

8mi
(2)

For a decomposition into two fragments, in the centre of mass
rame, the total translational energy (ET) imparted to the fragments
an be calculated from the principle of linear momentum conser-
ation as

T = Ek · M

m
(3)

here M is the mass of the parent molecule and m is the mass of
eutral fragment. For ions with low kinetic energy (<0.1 eV), there

s no discrimination against perpendicular velocity component and
ll the ions are transmitted to the spectrometer and the time-of-
ight mass spectra show one peak with fairly Gaussian shape. The
verage initial kinetic energy can be calculated from full width at
alf maximum (fwhm), �t1/2, of the peak as [14].

k = (qE1�t1/2)2

3.7mi
(4)

The experimental arrangement used to measure the kinetic
nergy of the fragment ions resulting from DEA is shown in Fig. 1. A
agnetically collimated and pulsed electron beam (pulse width of

bout 300 ns) is collided at right angles with an effusive molecular
eam formed by a capillary array. The magnetic field used for the
lectron collimation is 50 Gauss. The ions formed by the interaction
re extracted at right angles into the linear time-of-flight spectrom-
ter of Wiley–McLaren geometry by a small constant electric field
5 V/cm). We limit the solid angle of detection to a small value by
sing an aperture of 4 mm diameter at the entrance to the flight
ube which is situated at 10 mm from the interaction point and
nother similar aperture in front of the detector. The detector is a

hannel electron multiplier operated in the pulse counting mode.
he signal from the detector is processed by an amplifier, a constant
raction discriminator and a time to amplitude converter (TAC). The
utput of the TAC is fed to a pulse height analyzer to obtain the time-
f-flight spectrum. The timing signal for starting the TAC is taken
Fig. 1. Schematic of the experimental arrangement. The numbering represents: (1):
filament, (2) Pearce element, (3) electron gun housing, (4) magnet coil, (5) electron
gun electrodes, (6) pusher electrode, (7) capillary array, (8) puller electrode, (9) flight
tube, (10) channeltron housing, (11) channeltron, (12) Faraday cup.

synchronously from the pulse generator that is used for pulsing the
electron beam.

We characterized the performance of our spectrometer by mea-
suring the kinetic energy of O− produced by DEA to O2 which is well
studied. Fig. 2 shows the ion kinetic energy obtained as a func-
tion of the electron energy at various points across the resonance
which has peak cross-section at 6.5 eV [15]. The results show that
the kinetic energy increases with electron energy. An extrapola-
tion of the data points with a straight line intercept at the abscissa
should give threshold energy for the reaction, �H0. We find this to
be 3.4 eV, which is lower than the expected value of 3.65 eV for O−

from O2. We also note that the slope of the line is 0.44 as against the
expected value of 0.5. These differences may be explained in terms
Fig. 2. Measured kinetic energy of O− from O2 as a function of electron energy. The
straight line through the data points has a slope of 0.44 and intercepts the abscissa
at 3.4 eV.
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ig. 3. O− from DEA to SO2. (a) ion yield curve, (b) time-of-flight spectra of the ions
lectron energy.

ion to the ion intensity. The effect of this would be to show larger

han real kinetic energy for electron energies below the resonance
eak and smaller than real kinetic energy for electron energies
bove the resonance peak. The net effect of these two would be
o reduce the slope of the line obtained from ion kinetic energy vs.
lectron energy graph. This may also lead to a lower value for �H0.
rious electron energies and (c) measured kinetic energy of the ions as a function of

We also note that when the kinetic energy is very small the aver-

age energy is computed from the half-width of the single Gaussian
peak, given by Eq. (4). This may also have errors due to the ther-
mal spread of the molecular beam. Thus there are limitations in
the measurement technique employed in this experiment. How-
ever, as we shall show, even with these limitations, new qualitative
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Fig. 4. Schematic of the DEA process in a generic polyatomic molecule AB where
both A and B may constitute more than one atom. The vertical dashed lines rep-
resent the bounds of the Franck–Condon region. AB−* represents the negative ion
resonances which dissociate to give fragments A and B− . The lower resonance has
2 D. Nandi, E. Krishnakumar / International

nformation on the DEA to molecules could be obtained with this
echnique.

. Results and discussion

.1. SO2

The dissociative electron attachment to ground state SO2 is
nown to have two major resonances in the energy range of 4–10 eV
iving rise to the formation of O−, S−, and SO− at both the res-
nances [4]. The O− channel is comparable in intensity at both
he resonances, while S− and SO− channels are relatively weak at
he higher energy resonance. The S− channel shows a small addi-
ional peak at around 9 eV [4]. By comparing the results obtained
rom DEA to ground and excited states, the two dominant reso-
ances have been identified as 2A1 and 2B2 states, respectively
16].

The ion yield spectrum for the formation of O− from SO2 mea-
ured in the current experiment is shown in Fig. 3 along with the
ime-of-flight (ToF) spectra at different electron energies and the

easured kinetic energy of the ions. No attempt has been made
o measure the kinetic energy of the other fragment ions due to
oor statistics. The zero in the x-axis (Fig. 3b) refers to an ion with
ero velocity along the flight tube axis. In this scale, the ‘direct’ ions
ave negative flight times and the ‘turn-around’ ions have positive
nes. The ToF spectra show only one peak, fairly Gaussian in shape,
ndicating that the ions are produced with very low kinetic energies
comparable to the thermal energy). The width of the ToF spectrum
lowly increases with the electron energy. We estimate the kinetic
nergy of the ions by fitting the curves with a Gaussian and taking
he full-width at half maximum (fwhm), �t1/2. The kinetic ener-
ies are calculated using Eq. (4) and are plotted as a function of the
ncident electron energy in Fig. 3c. We find that the points cover-
ng both the resonances fall on a straight line which has a slope of
.11 and cuts the x-axis at 3.3 eV. Assuming all the excess energy is
eleased as kinetic energy of the fragments, the slope of the straight
ine would be 0.75. The measured slope of 0.11 indicates that most
f the available energy is going into the vibrational, rotational and
ven electronic (if the a 1� state contributes, as discussed below)
nergy of the SO fragment. A large part of the excess energy going
nto the vibrational excitation of the SO fragment may indicate that

hile one of the S–O bond is being broken, the other one is also get-
ing stretched simultaneously. This is consistent with the fact that
oth the resonances have considerable dissociation probability into
he S− + O2 channel.

The low kinetic energy of the ions indicates that the potential
nergy surface of the resonance at 4.6 eV has a minimum along the
S–O bond in the Franck–Condon region similar to that given in
ig. 4 for the case of a polyatomic molecule AB. In Fig. 4 we show
schematic of the DEA process in a generic polyatomic molecule
B where both A and B may constitute more than one atom. The
ertical dashed lines represent the bounds of the Franck-Condon
egion. AB−* represents negative ion resonances that dissociate to
ive fragments A and B−. The lower resonance has part of its min-
mum along A–B in the Franck–Condon region, whereas the upper
esonance has no minimum in that region. The horizontal line rep-
esents the threshold energy at which B− ions start to form. The
ons formed at this energy will have zero kinetic energy and the
inetic energy increases as the electron energy is increased beyond
he threshold. However, if the potential energy surface of the res-

nance is purely repulsive along A–B coordinate or if the potential
ell does not extend into the Franck–Condon region as shown in

he figure for the upper resonance curve, the formation of B− occurs
nly at energies well above the threshold. In such a case, the B− ions
ill have finite kinetic energy right from the beginning of the ion
part of its minimum along A–B in the Franck–Condon region, whereas the upper
resonance is entirely repulsive in that region. The horizontal line represents the
threshold energy at which B− is formed.

yield curve. The 4.6 eV resonance in SO2 may be identified with
the lower of the two resonant curves shown in Fig. 4, with a mini-
mum along the OS–O bond and stretching into the Franck–Condon
region. On the other hand, we may also conclude that the 7.2 eV res-
onance is entirely repulsive in the Franck–Condon region. It may be
pointed out that one could derive similar information from the ion
yield curves if the electron energy resolution is good enough. In
such a case the ion yield curve will have a sharp onset right at the
threshold energy for its formation if the resonant state is similar to
that represented by the lower potential energy curve.

Since the data points corresponding to both the resonances
appear to fall on the same straight line as seen in Fig. 3c, we may
conclude that both these states have the same dissociation limit.
Based on correlation diagrams, these two resonances could have
three possible dissociation limits giving O− [16]. These limits cor-
respond to the formation of SO in the X 3�−, a 1� and b 1�+ states.
The a 1� and b 1�+ states are 0.79 and 1.3 eV respectively higher
than the X 3�− state [17]. Using zero energy ion spectrometry along
with a high resolution electron beam, Abouaf and Fiquet-Fayard
[18] have shown that the 4.6 eV resonance has some contribution
from the SO (a 1�) limit. We cannot rule out a similar contribution
from the SO (a 1�) limit at the second resonance also. However, we
note that the observed heat of formation (�H0 = 3.3 eV) is consid-
erably lower than the expected value of 4.2 eV based on the OS–O
bond dissociation energy (5.66 eV) and the electron affinity of O−

(1.46 eV). If SO is formed in the excited a 1� state, the value of
�H0 would be 4.99 eV. Any substantial contribution from the for-
mation of SO (a 1�) state is likely to increase the value of �H0
from 4.2 eV, increasing the observed disparity further. Thus, within
the experimental uncertainties, our results indicate the dominant
dissociation limit in both the resonances to be the X 3�− limit.

It is not clear if the finite energy spread (∼0.5 eV) of the electron
beam and the approximation used in Eq. (4) to evaluate the kinetic
energy will explain the large shift of �H0 to the lower energy.
A possible reason for this is the presence of vibrationally excited
molecules in small quantities in the interaction region produced by

the radiation from the filament within the electron gun and migrat-
ing to the interaction region. We note that the ion yield curve also
shows a threshold of about 3.3 eV, similar to previous measure-
ments [4,16]. This trend is seen in the case of NO2 also, as discussed
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ig. 5. O− from DEA to NO2. (a) Ion yield curve and (b) the measured kinetic energy
s a function of electron energy across the three resonances.

elow. Such a problem has been seen in earlier measurements and
ommented on [19].

.2. NO2

The DEA to NO2 gives O− as the dominant ion [19,20] with three
ain peaks located at 1.8, 3.5 and 8.5 eV, respectively, as shown

n Fig. 5a. There exists no clear identification of the negative ion
tates corresponding to these peaks. Also no measurement has been
eported on the kinetic energy of the fragment ions.

The ToF spectra of O− from NO2 also show only one Gaussian
ype peak similar to the case of O− formation from SO2, indicating
hat the ions are formed with low kinetic energy. Like in the case of
O2, we are unable to get very accurate information due to the low
inetic energy release. However, the following qualitative features
ay be obtained from the data. Around all the three resonances,

he width of the mass peak increases very slowly with the electron
nergy. The kinetic energies obtained from the ToF spectra using
q. (4) are plotted with respect to the electron energy in Fig. 5b.
or the 1.8 eV resonance, the ion kinetic energy appears to start

rom near zero energy indicating that the potential energy surface
f the 1.8 eV resonance may have a minimum along the ON–O bond
nd extending into the Franck–Condon region as shown in Fig. 4.
its for the data around the three resonances give three straight
ines with very small slope. This indicates that in all the three cases,
l of Mass Spectrometry 289 (2010) 39–46 43

the excess energy is distributed as the internal energy of the NO
fragment. The best-fit lines for the first two resonances meet the
x-axis at 1 and 0.9 eV, respectively. These two are fairly close to
each other considering the experimental errors and indicates same
dissociation limit for the two resonances. However, this is lower
than the minimum heat of formation, 1.65 eV calculated from the
established thermo-chemical parameters (D(ON–O) = 3.11 eV and
EA(O) = 1.46 eV). Though there could be a shift to lower energy due
to the finite energy resolution of the electron beam and limitation
in using Eq. (4), the difference is considerable, as in the case of SO2.

As shown in Fig. 5b, the fitted line corresponding to the third
peak at 8.5 eV gives an x-intercept of 5.6 eV. This shows that the NO
is formed in an electronically excited state. The first electronically
excited state of NO (a 4�i) is 4.77 eV above the ground state [17].
The corresponding threshold energy for the dissociative attach-
ment would be 6.42 eV. Though the value obtained by us is lower
by about 0.9 eV, it is consistent with the shift we observe in the dis-
sociation limit of the first two resonances. The difference between
the x-intercept between the first two resonances and the third reso-
nance is about 4.7 eV, which is very close to the expected difference
in the dissociation limits. Thus we may conclude that the third
resonance may be dissociating into NO (a 4�i) + O−.

3.3. NF3

The DEA to NF3 is known to give F−, F2
− and NF2

− with F−

being the dominant ion. The resonance appears as a broad peak
in the F− channel with finite cross-section at zero energy, peaking
at 1.8 eV and extending up to 5 eV [21]. High resolution measure-
ments of the ion yield curve and ion kinetic energy measurements
by Ruckhaberle et al. [9] have shown the broad peak to consist
of two overlapping resonances centred at 1.8 and 2.2 eV, respec-
tively. Their kinetic energy measurements for F− indicated fairly
large values. These large kinetic energies have been found to limit
the accuracy of the earlier measurements on absolute DEA cross-
sections on this molecule [21]. One aspect of the measurements
by Ruckhaberle et al. [9] is that their plot of total ion translational
energy vs. electron energy seems to give a value of −1.63 eV for
�H0 for the formation of F−. Based on thermo-chemical parame-
ters (D(F2N–F) = 2.47 eV and EA(F) = 3.4 eV), we expect �H0 to be
−0.93 eV. In Fig. 6a we give the ToF spectra of F− taken at various
electron energies across the resonance along with the measured
total translational energy of the fragments. Each ToF spectrum
shows well-separated peaks corresponding to the ‘direct’ and ‘turn-
around’ ions indicating that the ions are formed with appreciable
amount of kinetic energy. The separation between the two peaks is
found to increase with electron energy and above 2.2 eV an addi-
tional peak appears between the two. This additional peak indicates
a new channel for the formation of F−, but with low kinetic energy.
As discussed by Ruchaberle et al. [9] this is likely to be due to
the three-body fragmentation process: F− + F + NF, which has an
energetic threshold of 1.9 eV. Ruchaberle et al. argued that the
three-body fragmentation is due to the resonance at 2.2 eV. Based
on the intensities seen in the ToF spectrum, the three-body frag-
mentation channel seems to have relatively low cross-section as
compared to the two-body process.

A plot of the kinetic energy of F− as a function of electron energy
is given in Fig. 6b. A straight line through the data points has a slope
of 0.3 as against the value of 0.73, if all the excess energy appears
as kinetic energy of the fragments. The smaller value indicates that
considerable fraction of the excess energy being deposited into

the vibrational energy of the NF2 fragment. An extrapolation of
the straight line to the x-axis provides �H0 for the reaction. We
find that this value is −0.92 eV, in excellent agreement with the
expected value of −0.93 eV. As discussed above, the data of Ruch-
aberle et al. had indicated a value of −1.63 eV for �H0 in this
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Fig. 6. F− from DEA to NF3. (a) Time-of-flight spectra and

ase. However, we note that we have reproduced all the quali-
ative features of the kinetic energy measurement by Ruchaberle
t al., while getting the correct threshold energy for the reaction.
gain, with reference to Fig. 4, the large kinetic energy release in

he two-body fragmentation channel indicates the strong repulsive
ature of the potential energy surface along the F2N–F bond in the
ranck–Condon region for the two resonances.

.4. H2O2

There has been only one report on DEA to H2O2. This pro-
ided information on the product ions, the resonances and the
bsolute cross-sections using two different techniques [12]. One
f these employed a trochoidal electron monochromator coupled
o a quadrupole mass spectrometer and the other used a simple
hree-element pulsed electron gun with a segmented time-of-flight
pectrometer optimized for complete collection and detection of all
he ions irrespective of their kinetic energy and angular distribu-
ion. In the high resolution measurements, it was found that both
− and OH− are produced in the ratio of 1:4 with the O− peaking
t 0.25 eV and the OH− peaking at 0.4 eV while measurements with

he experiment optimized for complete ion collection showed the
ombined ion yield curve of O− and OH− peaking at 0.6 eV. It was
lso found that the ion yield curve obtained using the latter tech-
ique extended beyond 2 eV. In the present ToF spectrometer also,
e are unable to separate out the O− and OH−. However, since OH−
easured kinetic energy as a function of electron energy.

dominates the cross-sections, we ignore the contribution of O− in
the calculation of kinetic energy from the ToF data. The prepara-
tion of H2O2 to obtain a relatively pure sample in the interaction
region is similar to what has been discussed earlier [12]. The ToF
spectra taken at different electron energies are shown in Fig. 7.
At the threshold energy, the ToF mass spectra shows one peak,
fairly Gaussian in shape and no doublet structure due to ‘direct’
and ‘turn-around’ ions is seen indicating that OH− ions are formed
with very low kinetic energies. As the electron energy increases, the
two peaks corresponding to the ‘direct’ and ‘turn-around’ ions start
to get separated and well above the resonant peak the two peaks
are separated from each other. For calculating the kinetic energy
we use Eq. (2) where the ToF peaks are well separated as in the
case at 1.2 and 1.4 eV. At lower energies, where the peaks are not
separated, we use Eq. (4) for calculating the kinetic energy.

The kinetic energy of OH− as a function of electron energy is
shown in Fig. 7b. It is found that the kinetic energy is very small at
the rising edge of the ion yield curve. This indicates that the neg-
ative ion resonance formed by electron attachment is not a purely
repulsive surface, but has a minimum along the O–O bond and this
extends into the Franck–Condon region as shown in Fig. 4. The

DEA products start to appear when the electron energy is above
the dissociation limit. We find that the ion energy increases lin-
early with the electron energy. The straight line through the data
points has a slope of 0.45, indicating that 90% of the excess energy
is going into the translational energy and that the resonance is dis-
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Fig. 7. OH− from DEA to H2O2. (a) Time-of-flight spectra at different elec

ociating almost like a diatomic system with very little vibrational
xcitation of the OH and OH− fragments. An extrapolation of the
traight line to electron energy axis provides the information on
he appearance energy of the reaction, i.e. the electron energy that
orresponds to the zero kinetic energy of the ion. The observed
ppearance energy (�H0(obs.) = 0.35 eV) is very close to that calcu-
ated (�H0(cal.) = 0.32 eV) from the established thermo-chemical
arameters (D(HO–OH) = 2.15 eV, EA(OH) = 1.83 eV).

. Conclusion

The ion kinetic energy data in the DEA to SO2 shows that the
otential energy surface of the resonance at 4.6 eV has a minimum
long the OS–O bond extending into the Franck–Condon region
nd that most of the excess energy goes into vibrational excitation
f the SO fragment as the electron energy increases. The kinetic
nergy of the O− ions also shows that both the 4.6 and the 7.2 eV

esonances have the same dissociation limit. In the case of NO2
lso most of the excess energy appears to be going into the vibra-
ional excitation of the NO fragment at all the three resonances at
.8, 3.5 and 8.5 eV, respectively. While the two lower resonances
issociates into the electronic ground state of NO, the 8.5 eV res-
nergies and (b) measured kinetic energy as a function of electron energy.

onance appears to dissociate to give electronically excited NO (a
4�i) state. The ion kinetic energy data also indicate that the poten-
tial energy surface of the resonance at 1.8 eV has a minimum along
ON–O bond and overlapping with the Franck–Condon region. In the
case of NF3, our measurements are consistent with previous mea-
surements by Ruchaberle et al. [9] indicating the presence of two
resonances within the broad peak at 2 eV, one of which dissociates
entirely through a two-body process, while the higher energy one
seems to have some small probability to dissociate through a three-
body process. It is also found that considerable part of the excess
energy in the F− channel goes into the internal excitation of the NF2
fragment as observed earlier [9]. The significant difference from the
earlier [9] measurements is that we have been able to obtain more
reliable kinetic energy distribution for the F− channel as seen from
the excellent agreement of the measured threshold energy with
the thermo-chemical data. From the kinetic energy data of OH−

from H2O2 we find that unlike the other three molecules discussed

above, the negative ion resonance appear to dissociate almost like
a diatomic system, leaving very little internal energy in the OH and
OH− fragments and that the potential energy surface of the reso-
nance has a minimum along the O–O bond and it extends into the
Franck–Condon region.
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