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Threshold electron-impact excitation of ammonia has been studied using both trapped elec-
tron and SF6 electron-scavenger techniques. Results from the two excitation studies
show four well-defined peaks in the energy range from 6 to 12 eV. The scavenger spectrum
exhibits a small peak below the first singlet state which is analogous to that previously found

for H20 and is tentatively attributed to a triplet state. Also, an intense peak is observed at
approximately 17 eV. Dissociative electron-capture cross sections for NH3 and ND3 have
been measured with a total ionization chamber and the various ions contributing to these cross
sections were recorded as functions of the electron energy with a TOF mass spectrometer
using electron beams with resolution of -0.1 eV. The total negative-ion cross section for NH3

(5.74 && 10 cm ) peaking at 5.65 eV is approximately 1.1 times larger than the ND3 cross
section (5.36 && 10 cm ) peaking at 5.86 eV which is analogous to previous results for water
and heavy water. The total ionization cross section for NDS peaked at 0.21-eV higher en-
ergy than that for NH3. This is ascribed to a difference in the zero-point energy for the two

molecules. The electron energy scale determined from Cl /HC1 in the mass-spectrometer
study of the various ion-current peaks (e.g. , H, NH2, NH, etc. ) corresponded exactly to
that obtained for the cross sections using the 19.31-eV He resonance in the total ionization
measurements. Accurate measurements of the H (D ) ion kinetic energy as a function of in-
cident electron energy yield a dissociation energy of 4.35 + 0.15 eV for NH2 —H (or ND2 —D) .

I. INTRODUCTION

Two basic classes of experiments have evolved
for studying electronic excitation of molecules by
electron impact. The first is designed to deter-
mine the energy distribution of the inelastically
scattered electrons for a fixed-energy incident
beam. The scattered electron energy distribu-
tions are referred to as "energy-loss spectra. "
The spectra are usually detected for forward scat-
tering although angular distributions are presently
being studied. In the second type of scattering ex-
periment a nearly monoenergetic electron beam of
variable mean energy is directed into a gas, and
only those electrons having lost essentially all of

their energy upon collision are detected. In this
case, total collection of "zero-energy" electrons
is carried out, independent of the scattering di-
rection. Since the incident electron energy must
exactly match the excitation threshold of the tar-
get molecule before a scattered current is mea-
sured (i.e. , completely inelastic collision), the
spectrum obtained is referred to as a "threshold
excitation spectrum. " At present there are two
basic experiments used to study threshold excita-
tion: (I) the trapped-electron technique and (2)
the more recent electron-scavenger method.

In 1958 Schulz' introduced the trapped-electron
method in which low-energy electrons resulting
from inelastic scattering are trapped in a shallow
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electrostatic well (- 0. 1 —0. 3 eV) introduced into
the scattering chamber. Since only electrons
having lost nearly all of their energy are collected,
the incident energy must closely rnatch the excita-
tion potential of the molecule before a trapped-
electron current is detected. The resulting plot of
current versus electron energy is a threshold
electron-impact excitation spectrum. Contribu-
tions to the measured trapped-electron current
may also arise due to elastic scattering (especially
at low energies) and to the formation of negative
ions which must be considered in an analysis of the
data. Details of the construction and operating po-
tentials of the trapped-electron apparatus have
been discussed by Schulz

The recent SF, scavenger technique first demon-
strated by Curran' is a very sensitive method of
detecting optical1:y forbidden transitions by elec-
tron impact. This method utilizes the intense
resonance electron attachment process in SF, at
-0.0 eV to scavenge electrons which have suffered
inelastic collisions with a sample gas in a mass
spectrometer. Electrons with energy very close
to the excitation threshold of a molecule AB are
"thermalized" to -0.0 eV by a single inelastic-
scattering event and subsequently captured by SF,.
The sequential reactions can be written

f st+ thermal'

e +SF -SF

A plot of the SF, ion current versus incident
electron energy obtained in this manner is there-
fore a threshold excitation spectrum. The method
is especially useful for the detection of optically
forbidden transitions because such transitions are
allowed under electron impact and often the ex-
citation functions are strongly peaked near thresh-
old. The SF, scavenger technique has several dis-
tinct advantages for the study of electronic excita-
tion at threshold. For instance, negative ions
produced in the collision chamber by electron col-
lisions with the sample gas do not contribute to the
SF, signal but can be analyzed separately, where-
as such ions often contribute to the current of the
trapped- electron technique. The simultaneous
detection of a precisely known negative-ion pro-
cess can oftentimes be used as a means of cali-
brating the electron energy scale. Also, no elec-
trostatic potential is imposed into the collision
chamber avoiding any effect on the mean energy or
width of the electron beam.

Recently, dissociative attachment processes in
molecules have been the subject of a considerable
number of theoretical and experimental studies.
An excellent review of the present state of the
theory has been presented by J.C. Y. Chen. Ex-
perimental investigations of capture cross sections

for H„'y' H, O, ' CH4, ' and the hydrogen halides~
(and their deuterated analogs) together with
studies of temperature effects upon dissociative
attachment cross sections' have provided quanti-
tative tests for much of the theory. A Priori cal-
culations of electron-attachment cross sections
and subsequent isotope effects are not possible at
this stage, and the need for experimental studies
in this field remains evident.

In this paper we present experimental studies of
threshold electron-impact excitation and negative-
ion formation in ammonia and deuterated ammonia.
To our knowledge only two other electron-impact
excitation studies of ammonia have been per-
formed" ~" (incident electron energies from 33 to
300 V), and no threshold excitation studies have
been reported. Dissociative electron attachment
in ammonia has been studied by a number of
authors" " however, only the most recent study"
has presented cross-section data. Data are pre-
sented also on the cross sections for dissociative
electron attachment, negative-ion yields as a func-
tion of energy, and kinetic energies of the product
ions for NH, and ND, .

II. EXPERIMENTAL

The "SF, electron-scavenger" technique pre-
viously employed by Compton et al. "was modi-
fied to incorporate automatic retarding potential-
difference techniques. A Bendix TOF mass spec-
trometer identical to that previously described"
was employed. The electron beam was gated on
for - 5 p, sec intervals at a repetition rate of 15 kHz,
corresponding to a rectified electron current of
-10 ' A. A square wave or sinusoidal modula-
tion signal of - 0. 1-V amplitude was applied to the
retarder grid of the electron gun at a frequency of
22 Hz. Thus electrons within the modulated band
which take part in dissociative attachment or be-
come scavenged through process (1) produce ion
currents which are modulated at the same fre-
quency. Following amplification by an electron
multiplier and electrometer, the fraction of the
ion current produced by electrons in the - 0. 10-V
band was obtained by demodulation of the ion cur-
rents at a frequency of 22 Hz with a "lock-in" am-
plifier. The ion mass being monitored could be
selected within the range 1- 300 amu with a res-
olution of better than 1 amu. Ion currents were
recorded as a function of electron energy on an
X-F plotter. The X axis displacement was syn-
chronized with the motor driven potentiometer
that continuously varied the electron energy
through a selected range. The electron energy
scale in these mass spectrometer studies was
calibrated by use of the Cl /HC1 dissociative
attachment resonance. "

In the second type of scattering experiment,
trapped- electron spectra, dissociative attachment
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cross sections, and ion kinetic energies mere de-
termined from the cylindrical electron collision
apparatus shown in Fig. 1. Dimensions of the
apparatus are given in the caption to the figure.
The collision chamber and inner gold grid were
held at ground potential. The outer grid and total
ionization collector were tied together electrically.
Saturation of the electron current to the electron
collector mas achieved with an electric field of
only a few volts/cm. Saturation of the negative-
ion current to the ion collector required an elec-
tric field of 6. 5 V/cm. Quasimonoenergetic
electron beams with resolution of -0. 1 eV mere
produced in the manner described in the TOF
mass spectrometer experiments above. The
trapped electron and negative-ion currents were
recorded as continuous functions of the electron
energy on an X-Y recorder. The mell depth in
the trapped-electron studies was estimated by ob-
serving the shift in the resonance state in nitrogen
at 11.8V eV 2' as a function of the potential pro-
ducing the field penetration into the collision re-
gion.
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FIG. 1. Diagram of electron collision chamber.
Collision-chamber path length =1.515 in. Diameter of
ion collector = 1.15 in. Electron-beam apertures in
electron-beam grids are 30 mil holes, exit to electron
collector is 40 mil hole. Background pressures mere
generaQy less than 1 x 10 Yorr.

The electron energy scale and electron energy
resolution mere determined by observing the trans-
mission resonance in helium at 19.31 eV." The
eidth of the He resonance at one-half of its max-
imum value was 0. 15 eV which is an indication of
the electron energy resolution. The electron
energy resolution (i.e. , observed width of the He

resonance) did not change noticeably upon addition
of ammonia. The peak in the He resonance,
which was used to set the electron energy scale,
could be read to within 0. 05 eV. Zero suppression

of the transmitted current in the region of the
He resonance permitted the use of a relatively
small helium pressure (-10 4 —10 ' mm Hg) for
the calibration runs. Calibration of the electron
energy scale by the He resonance is superior to
observing the trapped-electron peak resulting from
the He(2'S) state since this state can be excited
with electron energies greater than its threshold
(19.81 eV). Consequently, the accuracy of the
electron energy scale calibrated by the He(2'S)
level is attended by an uncertainty as large as the
well depth (-0. 1 —0. 2 eV).

Gas pressures in both the mass spectrometer
and total ionization chamber were determined with
an M. K. S. Baratron capacitance manometer em-
ploying a "1-Torr" head. The accuracy of the
pressure measurements in the mass spectrometer
has been discussed previously" and is believed
to be +10%. The accuracy of the pressure mea-
surements (and other systematic errors) for the
total ionization experiment mas checked by de-
termining the cross section for dissociative elec-
tron attachment in oxygen. The maximum 0 /0,
cross section was determined to be 1.6~10 "cm'
which is in excellent agreement with previous val-
ues. Thus the pressure measurements in the two
experiments are believed to be accurate to within
1 p.

IH. THRESHOLD EXCITATION SPECTRA OF
AMMONIA

The "SF, scavenger" threshold excitation spec-
trum of ammonia is presented in Fig. 2. The
electron energy scale was calibrated by use of the
NH, peak at 5. 65 eV (See Sec. V). The horizon-
tal bars (indicating the wavelength range of the ob-
served transitions) and the electronic state desig-
nations shown in Fig. 2 are taken from the com-
pilation by Herzberg. " The arrows (0) designate
energy-loss peaks observed by Skerbele and
Lassettre" for 300-eV incident energy electrons.
The peak in the region from 6 to V eV is attributed
to excitation of the lowest optically allowed state
of ammonia ('Am"). The peak is slightly skewed
toward lomer energies which may be due to charge
exchange between H or NH, and SF,. The peak
at -8.6 eV does not correlate well with either the
optically observed states or the energy-loss peaks
of Skerbele and Lassettre. .

" It is reasonable to
ascribe the peak in the region from 10 to 11 eV to
the 6 state. The structure in the peak around
12 eV is due to noise. The center of the peak cor-
relates mith a small peak in the high-energy data
of Skerbele and Lassettre; however, due to the
difference in incident electron energy the tmo
states may not be the same.

A small peak below the first singlet ('A, ")state
with a maximum at -4.4 eV is reproducible in the
SF, scavenger spectrum for ammonia. A sirgilar
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5 to 20 eV. Two different well depths (™0. 1 and
-0.3) are represented. As in the scavenger spec-
trum, the horizontal bars and state designations
are taken from Herzberg" and the arrows (0) in-
dicate energy loss peaks reported by Skerbele and
Lassettre. " The large peak in the region from 5
to 8 eV is composed, of both negative ions and in-
elastic electron scattering due to the 'A,"state.
The dashed curve represents the negative-ion con-
tribution to the "trapped-electron" current (re-
corded with approximately zero well depth) U.sing
a well depth of -0. 1 eV, the 'A, "peak is slightly
resolved from the negative-ion peak and a shoul-
der at - 7. 5 eV hints at the possibility pf another
state in this energy region. It was not possible
to observe the low energy (4. 4-eV) peak which
was detected in the scavenger spectrum due to
the intense negative-ion current peak in this re-
gion.

The three major peaks in the region from 8. 5
to 12 eV correspond to those of the scavenger
spectrum; however, the peak energies are about
0. 2 eV lower in energy. This is due in part to
the difficulty in locating the peak energy of the
negative-ion current in the 9 to 12-eV region, the
intensity ratios of the three inelastic peaks are
roughly the same as the corresponding peaks of
the SF, scavenger spectrum. Thus the "SF,
scavenger" data and "trapped-electron" spectrum
for 0. 1-V well depth are in fair agreement over
the energy range from 5 to 12 eV. Peaks also
occur above 12 eV and12. 3, I3.5, -14.5, 16.8
(center of the broad maximum), and - 18 eV. A
shoulder also occurs at - 16 eV. AQ of these
peaks are also evident in the data using the deeper
well (0. 3 V). Sun and Weissler" have studied
vacuum ultraviolet absorption cross sections in
ammonia and find a weak maximum

o =21 Mb, at 1130+201 (11.0+0. 2 eV),

and a strong maximum"

a =34 Mb, at 730+20k (1V+0. 5 eV).

The two maxima have been associated with the
ionization limits of the outer electrons of am-
monia. It is reasonable to suspect that the broad
peak centered at -16.8 eV corresponds to the
strong absorption observed in the vacuum ultra-
violet spectrum. Although ionization electrons
probably contribute to the trapped-electron cur-
rent around 16.8 eV, Metzger and Cook" have
argued that processes other than ionization (e. g. ,
dissociation) also occur between 13 and 17 eV.
In view of the structure observed in the trapped-
electron spectrum from 12 to 19 eV, this is most
probably correct.

IV. CROSS SECTIONS FOR PRODUCTION OF
NEGATIVE IONS

The dissociative attachment cross sections for
ammonia and deuterated ammonia are shown in
Fig. 4. The two curves represent ion currents
as a function of electron energy under identical
source conditions (pressure and electron current)
with the ordinate adjusted to give the cross sec-
tion for ammonia as measured according to the
procedure outlined in Sec. II. Twenty-three
measurements of the cross section fear ammonia
obtained at different pressures and after differ-
ent gas fillings result in an average cross sec-

tion of +0. 2x10 ' cm from this value. The
average of 17 corresponding measurements for
deuterated ammonia yielded an average cross
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FIQ. 4. Dissociative electron-
attachment cross sections for am-
monia and deuterated ammonia.
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section of 5.36X10 "cm' with. a, maximum devia-
tj.on of +0. 3X10 ' cm . The standa, rd deviation
for the ammonia cross-section measurements was
0. 12x10-" cm2 a.nd for ammonia -d, 0. 22x10 "
cm'. The dissociative attachment isotope eff ect
determined from the peak values (at- 5. 7 eV) of
the direct cross-section measurements is

3 3

The isotope effect determined by negative-ion cur-
rent measurements upon alternate gas fillings of
NH3 and ND3 unde r identi cal sour ce conditi ons
gives

The two ratios are in reasonable agreement; how-
ever, the latter measurements are believed to be
more accurate since in these measurements the
electron emission did not change upon adding gas
to the system (the pressure in the electron fila-
ment region was always less than 1&&10 ' mm Hg).
The isotope effect determined here is in exact
agreement with that obtained independently by
Sharp and Dowell. "

The absolute cross-section measurement was
checked for NH, by determining the negative-ion
production-peak cross section relative to the pos-
itive ionization cross section at 85 eV. Reversing
the ion collector field and appropriately adjusting
the electron energy, the ratio of the negative-ion
cross section to positive-ion cross section was
0.31+ 0.002. The positive-ion cross sections for
ammonia have been measured by a number of au-
thors: 2.21 A' (at 60 eV)P' 3.54 A' (at 75 eV);"
2.2 —2.5 A' (at 70 eV) "and 2.0 A' (at 100 eV)."
Multiplication of the average of these measure-
ments (2.5 A') by 0.031 gives a negative-ion cross
section at the peak for ammonia of 7.7 x 10 "em'.
This is reasonably close to our directly measured
value of 5.74x 10 "em' and serves as a crude
check of this value.

The effect of isotopic substitution upon the neg-
ative-ion cross sections for ammonia

(o /o =1.1)
NH, ND,

the nuclear kinetic-energy operator is the per-
turbation operator. " The ratio of the cross sec-
tions can be reduced to

'NH, /'ND, ("D—ND, /~H- NH,
)

l(~f I
V,

( )I ~
X (2)

a D-ND

where Vg2 represents the second derivative with
respect to the distance separating the dissociating
system [ it will be shown later that for the peak in
the cross section at -5.6 eV only H (D ) and
NH, (ND, ) need be considered], gf and gf are
the initial and final nuclear wave functions. The
simplest mass dependence on the peak cross sec-
tion contained in the integrals represented in Eq.
(2) is found by neglecting the final-state mass
dependence and assuming that the square of the
ground nuclear state wave function is projected
upon a dissociating state in the Franck-Condon
region. Under this assumption the ratio of the
peak cross sections becomes

('N.,) (~D m ~"'

( ND~ j peak ( H- NH~ f
which is only slightly higher than the measured
value. Thus it appears that the simplest interpre-
tation of the isotope effects upon dissociative at-
tachment in NH„H, O, 'HCl, HBr, and HI arises
from the kinetic-energy operator treatment.
Autodetachment from the dissociating negative-ion
system does not have to be invoked to explain
these small direct isotope effects.

Calibration of the electron energy scale for the
peaks in the electron-attachment cross sections
shown in Fig. 4 was determined by observing the
helium "window" at 19.31 eV and is believed ac-
curate to within 0. 05 eV. The peak in the am-
monia-d, cross section peaked 0. 21 eV at higher
energy than the ammonia peak cross section.
This difference in energy is surprisingly close to
the difference in the total zero-point vibrational
energies for these molecules (0. 219 eV).

is in the same direction but somewhat smaller
than that previously found for water vapor'

(o /o = 1.3).
2o 2o

The isotope effect observed for water vapor was
accounted for in a quite straightforward manner
by assuming that capture is possible due to the
breakdown of the separation of nuclear and elec-
tronic motion in the Schrodinger equation, i. e. ,

V. STUDY OF INDIVIDUAL IONS PRODUCED
FROM NH3 AND ND3

The major dissociative attachment cross-section
peak between 5 and 7 eV in NH, (ND, ) is composed
of H (D ) and NH, (ND, ). Figure 5 shows a
direct recorder trace of the ND, current and a
smooth line drawn through an average of three D
tracings. The D current is seen to peak about
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by Rapp and Briglia. " Sharp and Dowell" give

a

(D /ND, (ND2 /ND, )

which, combined with

z'I-
IJJ
lL
K
C3

(ND, -/ND, )

predict a total cross section of 5. 4x10 "cm'
which is in excellent agreement with our directly
measured value of 5. 36&10 "cm'.

6
ELECTRON ENERGY (eV)

FIG. 5. Negative-ion current yields of D and ND2

from ND3 as a function of electron energy.

0. 2 eV lower in energy than ND, (electron energy
scale calibrated by Cl /HC1). The ratios of the
D to ND, intensities shown is probably too small
because of ion discrimination in the mass-spec-
trometer source and because of a different initial
multiplication factor at the electron multiplier.
Similar curves were obtained for H and NH,
from NH, .

The low-energy side of the NH, peak is found to
be broader than that of the rising part of the
Cl /HC1 curve indicating that NH, is produced
with a nonvertical onset. The energy at the peak
NH, (ND, ) as determined from the Cl /HCl
calibration was 5. 60(5. 80) eV, which is in excel-
lent agreement with the peak energies of the total
ionization measurements calibrated by means of
the 19.31-eV helium "window. " Figure 6 shows
direct recorder traces of NH, , NDH, and ND,
currents with a mixture of NH, and ND3 in the mass
spectrometer. The NDH is present as a result
of isotopic exchange between NH, and ND, . Again
one notices a 0. 20 eV difference in the peak en-
ergies of NH, and ND, which. is attributable to
the zero-point energy difference in NH, and ND, .
As we would expect, NDH peaks midway be-
tween NH, and ND,

The cross section for the production of ND, j
ND, was determined relative to the known cross
section for 0 /N, O, using the mass spectrometer.
Since the ion kinetic energy and masses of these
two ions (0 and ND, ) are approximately the
same, ion-current measurements at equal pres-
sure mixtures of ND, and N, O should be a reason-
ably good determination of the relative cross sec-
tions. The results gave

= 2. 5+0. 3&&10 "cm',

using the cross section for 0 /N, O as reported

Ill
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I-z
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I

FIG. 6. Comparison of energy dependence of NH2

from NH3 and ND2 from ND3. NDH comes fram
NHD2 and NDH2 and is a result of isotopic exchange be-
tween NH3 and ND3.

Figure 7 shows NH, , NH, and ND, , ND ion
currents in the electron energy range from 4 to
-14 eV. The ratio of the ND, peak height at
-10 eV to that near 6 eV is 0.038; the correspond-
ing ratiofor the NH, peaks is 0. 029. The traces
of Fig. 7 are normalized to equal NH, and ND, (see
Fig. 5) peak heights at -6 eV. The deuterated
peaks (ND2 and ND ) shown in Fig. 7 both occur
at -0.4-eV higher energy than the corresponding
NH, and NH peaks. This difference cannot be
completely accounted for by the zero-point motion
discussed in connection with the -6-eV peaks.

Ion kinetic-energy measurements as a function
of electron energy have been made for H /NH,
and D /ND, in the energy region of 5 to 7 eV'4

by retarding the ion current reaching the ion col-
lector. The automatic retarding potential-differ-
ence technique was employed to obtain electron
energy resolution of -0. 1 eV. The retarding volt-
age required to reduce the ion current to zero was
taken to be the ion kinetic energy for ions which
enter the cylindrical retarding field at zero angle
with respect to the field lines. Negative-ion cur-
rents from ND, are shown as a function of the con-
tinuously variable ion retarding voltage in Fig. 8
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FIG. 7. Negative-ion current
yields of ND and ND2 from ND3

(NH2 and NH fro~ NH3) as a
function of electron energy from
-9—14 eV.
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ION RETARDING CURVES FOR
NEGATIVE IONS IN DEUTERATED
AMMONIA

E=il — iE —D( )-E
( )i, (4)

NH3

where MH is the proton mass, MNH the mass of
ammonia, D(NH H) is the dissociation energy of
the NH, —H boncf, and E~(H) is the electron af-
finity of the hydrogen atom. Figure 9 shows ion
kinetic-energy plots versus electron energy for
D /ND, and H /NH, . Lines drawn through the
points have the proper slope (0. 90 for H /NH,

R
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5.0

FIG. 8. Ion-retarding curves for negative ions in
deuterated ammonia.

for various incident electron energies. The H
and D ions will be the most energetic and cor-
respond to the ions being the last to be retarded
to zero energy as the retarding voltage is in-
creased For diato. mic-like dissociations (i. e. ,
the dissociation products are not vibrationally or
rotationally excited), a plot of ion kinetic energy
(E~) versus electron energy (Ee) should follow the
relationship
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FIG. 9. Plot of ion kinetic energy as a, function of
electron energy for D from ND3 and 8 from NH3.
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TABLE I. Dissociation energy of NH2 —H.

D(NH, —I-I)

(kcal/mole)

& 124
& 112
& 117
104
104+ 2

100
102
106+ 3
100+ 3

Method

predis sociation
mercury photosensitization
fluorescence
NH3 + H = NH2 + H2

pyrolysis of hydrazine
pyrolysis of benzylamine
magnetron
e+ NH3 NH2++ H+ e
e+ NH3 ~NH2+ H

Reference

a
b

e

f
g'

h

aK. F. Bonhoeffer and L. Farkas, Z. Physik. Chem.
A134, 337 (1928).

H. W. Melville, Proc. Roy. Soc. (London) A152,
325 (1935).

A, Terenin, J. Chem. Phys. 3, 436 (1935).
M. Szwarc, Proc. Roy. Soc. (London) A198, 285

(1949).
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and 0. 94 for D /ND, ) and extrapolation to zero
ion kinetic energy together with the known electron
affinity of hydrogen yields a dissociation energy
of 4. 35 + 0. 15 eV (100+ 3 kcal/mole) for NH, -H
or ND, -D." Table I compares this value with
that determined by different techniques and good
agreement is seen among the various methods.
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A molecular optical potential has been used to reproduce the quenching of glory undulations

in the total cross section of Li and HBr colliding at relative velocities 10 cm/sec v 3.10

cm/sec. The experimental results over the whole velocity range are well fitted by a r
law for the imaginary part of the potential. Complex phase shifts, opacity function, and

elastic angular distribution have been calculated with this potential. Comparison with calcu-
lations using a real potential shows rainbow and supernumerary rainbow maxima and an in-
crease of intensities at large angles in both cases. The main effect of inelastic transitions
is to decrease the scattering intensity at large center of mass angles.

I. INTRODUCTION

We present in this contribution results on a
molecular optical potential which reproduces the
quenching (i. e. , decrease in the amplitude) of
glory undulations observed recently' in the total
cross section of Li and HBr colliding in the range
of relative velocities 10' cm/sec & v ~ 3.10' cm/
sec, or relative kinetic energies from 0. 033 to
0. 301 eV. Glory undulations were predicted2 and
measured' some time ago for atom-atom collisions
and their origin is well understood. More recent-
ly, measurements made with crossed beams of
atoms and molecules indicate a quenching of these
glory undulations that can in general be attributed
to excitation of vibration-rotation levels of the
molecule and to reaction. 4

II. OPTICAL POTENTIAL FOR Li+ HBr

In the case of Li+ HBr at the relative kinetic
energies investigated, excitation of vibrational
levels is forbidden by energy conservation. Con-
tribution of reactions in the region of impact pa-

rameters relevant to the glory effect is expected
to be small. '~' The quenching may then be at-
tributed to rotational excitation of HBr. This is
interpreted here as equivalent to absorption of the
scattering flux, and may be discussed in terms of
optical (complex) molecular potentials. ' Such a
potential, taken as

V(~) = V(~) i W(r)—

was used to solve a system of two radial equations
for the scattering function y(r), with asymptotic
form

y(x) -kx(j (kx)+t (k)[n (kr)+ij (kr)]},

t (k) = (2i) '[exp(2igf) —1],

(2)

l l l' (4)

where r is the interparticle distance, k the rel-
ative wave number, and jl and el first- andsecond-
class spherical Bessel functions. The equations


