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Endoergic ion-molecule-collision processes of negative ions. 
I. Collision of 1- on S02 

Kamel M. A. Refaey* and J. L. Franklin 

Department of Chemistry. Rice University. /lollston. Texas 770U1 
(Received 14 November 1974; revised paper received 11 March 1976) 

A new method has been developed for the investigation of endoergic ion-molecule-collision processes of 
negative ions. This method is. in effect, an extension of an earlier one developed by Refaey and Chupka 
used in connection with positive ions. An ion source with separate ionization and collision chambers was 
constructed and mounted on a Bendix time-of-flight mass spectrometer. 1- ions produced in the ionization 
chamber by electron resonance capture of HI are pulsed to the desired energy where they enter a collision 
chamber containing a different gas. Cross sections for various endoergic ion-molecule-collision processes 
are measured as a function of the incident ion (1-) energy. Collision of I - on S02 gives the secondary ions 
SO,. 10", 0-, SO-, and S- and/or 0, in the energy range 2-25 eV (cm). Experimental thresholds were 
used to determine heats of formation as well as the electron affinities of various species. The electron 
affinities of S02' 10, SO, and S were determined as 1.05, 2.3, 1.2, and 2.0 eV. The onset for the formation 
of 0- indicates that it is accompanied by the neutral ISO. This onset leads to ~HfISO) = -16 
kcal mole - I. IS has been suspected as a product in two separate cases. A fairly good estimate of l1 H fIS) 
can be set as 74 kcalmole- 1

• 

I. INTRODUCTION 

In recent years considerable attention has been de­
voted to the determination of electron affinities and the 
heats of formation of negative ions. Several techniques 
have been employed, including dissociative resonance 
capture, 1,2 electron photodetachment,3,4 the magnetron,S 
negative ion-molecule reactions,6 calculations of crys­
tal lattice energies, 7 and several others. 4,7,8 Because 
of the fact that electron affinities cannot be determined 
by direct electron attachment or by exoergic electron 
transfer, studies have recently been directed toward the 
measurement of the threshold energy of charge trans­
fer reactions as a means of determining electron affini­
ties. 9- 14 The present study falls into this category. 

Endoergic ion-molecule reactions of positive ions 
have been investigated by several authors who employed 
various techniques. 15-19 One of the most effective tech­
niques is the tandem mass spectrometer developed by 
Lindholm 19 and extended to negative ions in several lab­
oratories. 9- 12 Tandem mass spectrometers are, how­
ever, very expensive, and attempts have been made to 
measure the threshold of charge transfer reactions by 
less elaborate means. Thus, Chupka and his associ­
atesZO- Z3 employed a dual mass spectrometer source 
with separate ionization and collision chambers to study 
positive ions and subsequently extended the technique to 
negative ions. 13,14 

The present study employed a modification of the 
Chupka dual source applied to a time-of-flight mass 
spectrometer. In addition to charge transfer, this 
study included ion-molecule reactions and dissociative 
charge transfer reactions. 

II. EXPERIMENTAL 

The primary ion used in this study has been I - formed 
from HI by dissociative reasonance capture. This 
choice was made for the following reasons. First, 1-

is a heavy ion (m/e= 127), and in colliding with light 
gases its energy in the laboratory will be greatly re­
duced to give the corresponding value in the center of 
mass systemo Second, HI has a high cross section for 
dissociative resonance capture to produce I - at low 
electron energy (~O. 0 eV). Third, the spectrum pro­
duced at this electron energy will be that of I - ion only 
and many of the target gases of interest, such as SOz, 
COz, CO, NOz, NO, and 0z, can be used, since most of 
these gases do not produce negative ions at this low 
electron energy. Fourth, the initial translational en­
ergy of I - from HI is essentially thermal and is not sen­
sitive to electron energy, since the greatest part of the 
translational energy released will be carried away by 
the hydrogen atom. 

The experiments were carried out on a Bendix time­
of-flight (TOF) mass spectrometer model 12 series 
provided with model 1077 Bendix pumping system below 
the ion source region. The mass spectrometer is also 
equipped with model 3015 Bendix output scannero A 
Leeds and Northrup dual channel speedomax XL flatbed 
620 series recorder is used in these measurements. 

Gases used were HI of 98.0% purity and SOz of 99.9% 
purity provided by Matheson Gas Products. The gases 
were used without further purification. The pressure 
in the collision chamber was maintained constant 
throughout the measurements. The incident ion energy 
was varied from ~ 0 to 100 eV in the laboratory system. 

Thermochemical values employed in evaluating the 
results of this investigation are collected in Table I. 

A. The ion source 

The ion source shown in Fig. 1 was specially con­
structed for the purpose of this investigation. It con­
sists of a high pressure ionization chamber haVing a 
narrow electron entrance slit and a small (1. 25 mm 
diameter) exit port. Since it is unimportant in these 
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TABLE I. Thermochemical values employed in evaluating the 
results of this investigation. 

Species ~,(kcal/mole)a E. A. (eV)b 6Ji, ion 

0 59.55 1.47 25.6 

S 66.64 2.077 18.6 

I2p3/2 25.535 3.07 -45.5 

I 2p 1/2 47.27 

SO 1.496 1.1 -24 

S02 -70.944 1.0 -94 

10 41.8 

O2 0 0.45, 1.1 -10.5, -25.4 

~aken from Ref. 38. l>raken from Ref. 40. 

measurements to know the pressure in the ionization 
chamber, no provision has been made to monitor its 
value. The body of the ionization chamber is insulated 
from the repeller and drawout plates by thin sheets of 
Teflon that cover only places of possible contact. Al­
though provisions have been made to apply a repeller 
potential, it was found that better focusing and ion in­
tensity are obtained when the repeller. plate is grounded. 
Gas enters the ionization chamber through a O. 5 mm 
diameter hole in the center of the repeller plate. Al­
though no provision has been made to monitor the pres­
sure in the ionization chamber, a good indication is ob­
tained by an ion gauge connected to the ion source re­
gion. The flow of gas to the ionization chamber is con­
trolled by a needle valve. Primary ions leave the ion­
ization chamber through a 1. 25 mm diameter hole in the 
draw-out plate. 

The collision chamber consists of a metal box con­
nected to the gas inlet system through a needle valve and 
to a variable capacitance (mks type 77 Baratron) pres­
sure gauge. The collision chamber is separated from 
the ionization chamber and from the plate following it 
by buffer zones approximately 1 mm thick to facilitate 
pumping and minimize gas cross contamination. The 
inlet and exit ports of the collision chamber and the port 
in the final plate are aligned concentrically and have 

TARGET GAS-
-to BARATRON GAUGE 

FILAMENT 

c G.P.:ftr;~UJ 
CONTROL GRID---1 li'.:-. 
row •• "", "'''' 11 

PRIMARY ION GAS • 

+IOOOeV 

I I 
REPELLER PLATE 

DRAW-OUT PLATE 

ELECTRON TRAP 

CHAMBER': :-

E~,,~U 
~DRAW-OU~ PULSE 

COLLISION REGION 

FIG. 1. The ion source of the Refaey and Chupka type with 
separate ionization and collision chambers. 

FIG. 2. The control grid pulse (C. G. P.) and the draw-out 
as shown on a dual channel oscilloscope. The rise of the 
C. G. P. marks the beginning of the cycle. 

diameters 1. 5, 2.0, and 2.0 mm, respectively. The 
length of the colliSion chamber is 12 mm, but calcula­
tions of the cross sections are based on an effective 
path length of 13 mm to include possible contributions 
from the buffer zones. 

The draw-out pulse is applied to the entire collision 
region (draw-out plate, collision chamber, and the 
plate following the collision chamber). After leaving 
the collision region, the ions are further accelerated to 
a final potential of 3500 V. The ions leave the ion 
source region through a 2. 5 mm diameter hole where 
they enter the flight tube. This last hole separates the 
ion source region from the flight tube region which per­
mits the separate pumping of both regions. To mini­
mize electric field penetration between various regions 
of the ion source, all holes are covered with an etched 
molybdenum mesh of 100 lines/in. and more than 80% 
transmission. 

The ion source is operated in the same fashion as 
those of conventional Bendix time-of-flight sources. 
Electrons are held back from entering the ionization 
chamber by the so-called control grid bias (e.G. B.) ap­
plied to the control grid (first electron grid). This bias 
is negative with respect to the filament. At the begin­
ning of each cycle (100 J..Lsec), a pulse (e.G.p.), Fig. 
2, applied to the control grid makes it positive with re­
spect to the filament and allows the electrons to pass 
through to the ionization chamber. A pair of collimat­
ing slits each O. 38 mm wide and 2 mm long are used to 
insure that the electron beam crosses the ionization 
chamber in the median plane between the repeller and 
the draw-out plates. Immediately after the e. G. P. 
drops to zero, the draw-out pulse, Fig. 2, is applied to 
the collision region. The draw-out pulse is variable to 
control the collision energy and of much larger dura­
tion to assure removal of primary ions from the ioniza­
tion chamber. The pulse used in these experiments has 
a sharp rise time (- 10-7 sec) and a duration of 30 J..Lsec. 
It is essentially square at the top except for some small 
ripple at the start. After leaving the collision region, 
both primary and secondary ions are further accelerated 
to a final potential of 3500 V where they enter the flight 
tube. 

The input potential to the circuit used to provide the 
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FIG. 3. Ionization efficiency curves of r(m) at various values 
of the control grid bias. 

draw-out pulse is monitored by a Fluke Model 8100 A 
digital multimeter. It was found that the meter reading 
coincides fairly well with the pulse height as checked by 
a calibrated oscilloscope. For this reason the meter 
reading is taken directly as a measure of the pulse 
height. 

The production of the primary ions is greatly affected 
by the relative magnitudes of the control grid bias to 
the control grid pulse. The pulse used in this investi­
gation, Fig. 2, is about 19 V at its highest pOint. The 
ionization efficiency curves of I - from HI at various 
values of the control grid bias are shown in Fig. 3. It 
is clear that the ion intensity increases as the control 
grid bias becomes less negative, allOwing more elec­
trons to pass through to the ionization chamber. There 
is also an apparent increase in the appearance potential 
which indicates a change in the electron energy distribu­
tion caused by the change in the control grid bias. It is 
obvious that the best operating. conditions would be that 
in which the control grid pulse and the control grid bias 
are comparable in values as shown by the bottom curve 
in Fig. 3. However, at these conditions the primary 
ion intensity would be too low to produce sufficient 
amounts of secondary ions. The value of the control 
grid bias has been held as close (0.5-3.0 eV apart) to 
the pulse height as measurements permit and kept con­
stant throughout each measurement. 

B. The cross section 

Owing to the fact that secondary ion peaks are broad­
er than normal peaks and because of the changes in the 
focusing properties of the ions due to changes in the 
draw-out pulse, the area under the peak rather than its 
height is considered a better measure of the ion inten­
sity. The cross sections are evaluated using the rela­
tion 

(1) 

where Is and Ip are the integrated secondary and primary 

ion intenSities, respectively, n is the concentration of 
the neutral molecules, and L is the effective length of 
the collision region. In these experiments IslIp < O. 05. 

Because product ions may be lost, the cross sections 
reported here are only lower limits. 

C. The mass or time-of-flight shift 

It was observed that secondary ions (produced by col­
lision) do not appear in the mass spectrum at the posi­
tions estimated for the corresponding primary ions (pro­
duced in the ionization chamber), but appear delayed in 
time. For example, 0- ions produced by colliSion of I­
on 802 at a draw-out pulse of 100 V and a final potential 
of 3500 V appear about 1.6 Msec later than 0- ions pro­
duced in the ionization chamber under the same condi­
tions. This shift is about 1. 1 Msec in the case of 80-. 
Of course, 0- and 80- formed by dissociative resonance 
capture of 802 do not appear at the same electron en­
ergy as I - from HI. However, if the electron energy is 
increased until 0- and 80- are formed from the 802 
gas leaked to the ionization chamber, their pOSitions on 
the oscilloscope screen, Fig. 4(b), can then be deter­
mined relative to those produced by collision, Fig. 4(a). 

The mass (or time-of-flight) shift is related to the 
flight time of an ion of the same mass formed in the 
ionization chamber which is then accelerated at the 
same draw-out energy, and after passing through the 
collision chamber, is accelerated to a final energy of 
3500 V. The comparable time for the secondary ion is 

FIG. 4. (a) The spectrum produced by collision of r on S02 
at r energy of about 15 eV (c. m.) and electron energy of 
1.5 eV. (b) The spectrum produced when the electron energy 
is raised to 4.5 eV. 0- and SO- are produced in the ionization 
chamber. r intenSity is still high but very low compared with 
r intensity in Fig. 4(a). 
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the sum of the times for I - to be accelerated into the 
collision chamber plus the time for the secondary ion to 
travel from its point of formation to the collector. If 
we assume collision to occur at the center of the col­
lision chamber and allow the secondary ion its propor­
tional share of the energy in the center of mass, rea­
sonable agreement between calculated and observed 
mass shifts is obtained; thus, calculated shifts for 0-
and SO- are 1. 8 jJ.sec and 1. 2 jJ.sec, respectively, as 
compared to measured shifts of 1. 6 jJ.sec and 1. 1 jJ.sec. 

The mass shift observed in this investigation is one 
of the great advantages of the TOF operation. In these 
studies it has eliminated concern over possible inter­
ference between secondary ions and ions of the same 
mass formed in the ionization chamber. 

D. Experimental difficulties 

As will be seen subsequently, unusually intense back­
grounds were observed with 0- and SO-. This fact made 
determination of the thresholds difficult and conse­
quently the measurements on these ions were repeated 
several times starting at the lowest possible energies 
to assure the true thresholds being included. 0- and 
SO- are both formed from S02 at relatively low ener­
gies by dissociative resonance capture, and the back­
ground of these ions results from this reaction with 
stray electrons in the collision chamber. The electrons 
must be formed by collisional detachment from 1-, 
since electrons from the electron beam are excluded 
from the ionization chamber. In a few experiments ef­
fects due to stray electrons from the filament were de­
tected and results of these experiments were discarded. 

There is some variation in measured cross section 
between determinations for the same process, but the 
structure of the curves and the various onsets are quite 
reproducible. Uncertainties in the measurement of re­
actant and product ion intensities, resulting from mul­
tiplier fatigue, are the main cause of variations in 
cross section. Although cross contamination between 
gases in the ionization and collision chambers was not 
expected to cause serious difficulties, there is some 
indication that cross contamination may have contrib­
uted to the variation in cross section discussed above. 
The best results were obtained when this contamination 
was kept to a minimum. This was done by first intro­
ducing HI gas into the ionization chamber and then con­
trolling the flow to give high I - intensity. The pressure 
of HI gas leaked to the collision chamber is then mea­
sured. The target gas is then introduced into the col­
lision chamber to a pressure (usually about 10 times 
the previous value) that does not cause an appreciable 
drop in 1- intensity and give rise to measurable product 
intensities. The flows of both gases are then finally ad­
justed around the previous settings to optimize both rand 
product ions intensities. Repeated measurements under 
different conditions indicate that in most cases the cross 
sections are reproducible within 25% of their average value. 

E. Determination of thresholds 

It will be observed that the experimental cross sec­
tion curves, calculated from Eq. (1) as a function of the 

incident ion (C) energy, show in some- cases a signifi­
cant amount of curvature at the threshold. This curva­
ture can primarily be attributed to the thermal energy 
spread of the target gas molecules and the kinetic en­
ergy distribution of the incident ion. 

The incident ion energy is taken to be one-half the 
draw-out pulse voltage, but actually the primary ion 
beam will have an energy distribution related to the 
width of the electron beam. The experimental results 
suggest that in this work, this energy distribution does 
not Significantly affect the results. 

The Doppler broadening14,24 resulting from the ther­
mal energy spread of the neutral target molecules prob­
ably accounts for most of the observed curvature at the 
threshold. To account for the effect of Doppler broad­
ening on the thresholds, prior knowledge of the thresh­
old law is required. Phase space theory of J. C. 
Light,25 P. Pechukas and J. C. Light,26 and D. G. 
Truhlar 27 predicts an abrupt threshold and a linear in­
crease in the cross section within an energy range of 
"" o. 1 eV. Calculations27 extended over a larger energy 
range indicate a gradual departure from linearity with a 
negative curvature, reaching a maximum and then de­
creasing with energy. The present measurements are 
qualitatively consistent with such threshold behavior. 

The distribution in center-of-mass (c. m. ) energy 
caused by the thermal motion of the target gas mole­
cules has been derived by Chantry 24 for the case of a 
monoenergetic particle beam interacting with target 
molecules having an isotropic Maxwellian velocity dis­
tribution corresponding to a temperature T. If the nom­
inal c. m. energy Eo exceeds a few kT, then the dis­
tribution has a full-width at half-maximum (FWHM) of 

W1/ 2 =(11.1ykTEo)1/2, (2) 

where T is in "1<, y= m/(m + M), and m and M are the 
projectile and target masses. The distribution given by 
Chantry gives rise to a tail in the experimental cross 
section curve. Linear extrapolation yields a threshold 
which is shifted to lower energies by an amount AET 
given by 

(3) 

where W1 / 2(ET ) is the Doppler width evaluated at c. m. 
beam energy of Eo = ET • The lower limit in (3) repre­
sents the shift in the case of a linearly riSing cross 
section while the upper limit is the shift corresponding 
to a step-function cross section. Here the shift will be 
calculated in an approximate manner as 

AET = O. 2W1/ 2(ET) • 

For the thresholds obtained in these measurements, 
AET ranges from 0.12 to 0.23 eV. 

III. RESULTS AND DISCUSSIONS 

(4) 

The experimental results are shown in Figs. 5-11. 
Figure 5 shows the variation of the cross sections for 
various ions resulting from the collision of 1- on S02 as 
a function of the incident ion (I -) energy. The observed 
secondary ions in the energy range 2-25 eV (unless 
otherwise specified, the center-of-mass energy will be 
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given) are S02' 10', 0', SO', and (S' and/or O2). Fig­
ure 4(a) shows the spectrum taken at an I' energy of 
about 15 eV. Those ions were identified as secondary 
ions by several methods. One of these methods is the 
ionization efficiency curves shown in Fig. 6. It is ob­
vious that the secondary ion currents follow closely the 
current of the primary ion I'. The observed ions must 
constitute at least 85%-90% of the total current of prod­
uct ions in this energy range. 

The curves in Fig. 5 resemble the breakdown 
curves2S- 32 obtained for the fragmentation of positive 
molecular ions. Such breakdown curves result from the 
decomposition of normally stable ions as the energy is 
increased. Reese et al. 33 observed FSOa formed from 
F 2S02 and determined its appearance potential from 
which an approximate electron affinity of 2 eV for FS02 
can be deduced. Similarly, IS02 would also be expected 
to have a positive electron affinity. Since, also, the 
sum of the cross sections of the various processes is 
approximately constant between 7. 5 and 15 e V, it is pos­
sible that the present results may be interpretable in 
terms of the breakup of an intermediate IS02 complex. 
At sufficiently high energies, direct reactions are to be 
expected and may dominate. 

In the following paragraphs each of the secondary ions 
will be examined separately. 

A. SO; 

In Fig. 7 two sets of data obtained 6 months apart are 
plotted. Almost identical values of the threshoW are 
obtained from both curves. Although the cross sections 
are slightly different, the two curves also show fairly 
close agreement of the probable onset of a second pro­
cess at 2.9 eV. The measurements shown in the filled 
circles were discontinued at about 3.8 eV so compari­
son at higher energies cannot be made. 

The threshold for S02 formation occurs at 1. 9 eV. 
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1 
FIG. 5. Cross sections for 
production of various ions re­
sulting from collision of r on 
S02' The upper curve (~ud 
represents the sum of all 
cross sections. 

FIG. 6. Ionization efficiency 
curves e + ill -r + H and of the 
secondary ions. 
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With a Doppler correction of O. 12 eV, this becomes 
2.02 eV. Since E.A.(1)34 is 3.07 eV, then E.A.(SOa) is 
1. 05 eV. The apparent second onset of 2.9 eV (3.05 eV 
including Doppler correction) may be due to the process 

1-+SOa-SOa+laPl/a' (5) 

which corresponds to E.A.(SOa)=1.05 eV. This value 
is in good agreement with earlier reported ones. 35,36 

The energy dependence of the cross section near 
threshold for the formation of 10- by collision of I - on 
SOa is shown in Fig. 8. At low r energies, the I - peak 
exhibits a long tail which precludes possible detection 
of low 10- intensities. For this reason the cross sec­
tion curve is extrapolated to give a threshold of 4.5 eVo 
With a Doppler correction of 0.2 eV, this becomes 4.7 
eV. The formation of 10- at onset takes place via the 
mechanism 

1-+ SOa - 10- + SO , (6) 

FIG. 8. Energy dependence of the cross section for the pro­
duction of 10- as a result of collision of r on 802' 

6 EC.M(eV) 

FIG. 7. Energy dependence 
of the cross section for the 
production of 80'2 as a result 
of collision of r on 802, Full 
and open circles represent 
different measurements. 

which gives ~Hf(IO-)= -11. 5 kcal mole- 1
• This value 

is in good agreement with the value - 19 kcal mole-1 

(- 14 kcal mole-1 Doppler corrected) obtained from col­
lision of I - on Oa 37 and, in combination with38 ~Hf (10) 
=41.8 kcalmole-t, gives E.A.(10)=2.3 eV. 

C. 0-

0- produced by collision of I - on S02 has been re­
ported. 39 The results are shown in Fig, 9, and give a 
threshold of 5.3 eV. With a Doppler correction of 0.2 
eV, the threshold becomes 5.5 eV. 

The early formation of 0- by collision of I - on SOa as 
indicated by the onset at 505 eV does not correspond to 
the process 

(7) 

since this process requires an energy of at least 7. 1 
eV, when E.A.{O) is taken as 1.47 eV.40 The 5.5 eV 
onset must be attributed to 

6 7 8 9 10 12 13 

INCIDENT ION (n ENERGY 

FIG. 9. Energy dependence of the cross section for the pro­
duction of 0- as a result of colliSion of r on 802, Full and open 
circles represent different measurements. 
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FIG. 10. Energy dependence of the cross section for the pro­
duction of SO' as a result of collision of r on 802' Full circle 
points represent repeated measurements on an expanded scale 
by a factor of 2. 

I - + S02 - IS02 - 0- + ISO , (8) 

which gives AHf(ISO) = -16 kcal mole-i. This corre­
sponds to a bond dissociation energy, 1)(1 -SO), of about 
43 kcal mole-1, which is not unreasonable. 

The high background cross section indicated by the 
scattered points below 5. 3 eV comes primarily from 
the dissociative resonance capture by S02 of electrons 
collisionally detached from 1-. 

A rise in the cross section curve, Fig. 9, at about 
10.8 eV may be associated with the process 

which has a calculated threshold of 10.9 eV. A third 
rise at about 12.1 eV may be due to the process 

(9) 

1-+ S02 -0- + IS +0 , (10) 

which gives AHf (IS) = 74 kcal mole-t, in reasonable 
agreement with other deductions (see below), or to the 
complete breakup process 

TABLE II. Results of collision of r on S02' 

Reaction products 

SO'2+ I2P3/2 

SO'2+ I2pl/2 

10- + SO(3};;) 

0-+IS0 

O-+IO+S 

0- +IS+0 

80-+10 

8""+1+02 

02+ 1S 

a6Hf of neutral. 
t>:r'entative. 

A. P. (eV) 

Observed 

1.90 

2.90 

4.5 

5.3 

~ 10.8 

~12.1 

5.6 

6.9 

6.9 

Corrected 

2.02 

3.05 

4.7 

5.5 

5.8 

7.13 

7.13 

M f (i on) 
(kcal mole-1) 

-11.5 

_16a 

23 

-26.5 

21.5 
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FIG. 11. Energy dependence of the cross section for the pro­
duction of S' and/or 0'2 as a result of collision of ron S02' 
The dashed line represents the level of the background signal. 

r- + S02 - 0- + I + S + 0 , ( 11) 

which has a calculated threshold of 12.8 e V. 

D. SO-

Open circle points in Fig. 10 represent the variation 
of the cross section for the formation of SO- as a func­
tion of I - energy. Full circle points represent a sec­
ond set of measurements of the cross section on a scale 
expanded by a factor of 2. The cross section falls to 
zero near 5.6 eV. With a Doppler correction of 0.2 eV, 
the onset energy is 5.8 eV and corresponds to the pro­
cess 

I - + S02 - SO- + 10 , (12) 

which gives AHf (SO-) = - 26. 5 kcal mole-i. This value 
in combination with AHf (SO) = 1. 5 kcal mole-1 gives 
E. A. (SO) = 1. 2 e V, in good agreement with earlier de­
terminations. 36,41,42 

E. A. (eV) 

Calculated 

1.05 

1. 05 

2.30 

1.20 

2.0 

Best estimate 

1.05±0.10 

1.6 

1.1 

2.1 
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E. S- and/or 0; 

The onset energy for the production of ions of mass 
32 is near 6.9 eV. With a Doppler correction of 0.23 
eV the threshold energy becomes 7.13 eV, which is con­
sistent with the process 

C +802-8- +02+I(2P3/2) • (13) 

This gives AH,(8-) = 21. 5 kcal· mole and E.A.(8)=2.0 
eV, in good agreement with previously reported val­
ues. 43 ,44 

If O2 is the principal secondary ion of mass 32, the 
reaction at 7.13 eV is probably 

C +802 -Oi + IS • (14) 

This yields AH, (IS) = 58 or 75 kcal· mole when AH, (02) 
is taken, respectively, as - 10.5 or - 25 kcal mole- l

• 

The higher value is in good agreement with the AH,(IS) 
= 74 kcal mole- l given by Eq. (10) above. 

IV. CONCLUSIONS 

The method of Refaey and Chupka20-22 has been 
adapted to a pulsed operation with a TOF mass spec­
trometer. The instrument has been used to determine 
the threshold energies of several product ions formed 
by the collision of I - with 802, The results obtained 
give reproducible values, and these agree reasonably 
well with results obtained by other methods. The prin­
cipal reactions and the corresponding measured results 
are summarized in Table n. 
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