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Oscillator strengths for O, from 6 to 14 eV are derived from the energy-loss spectrum of 100 eV
incident electrons. Integrated f values for the Schumann-Runge bands and continuum, which span
four orders of magnitude in intensity, agree well with high-resolution photoabsorption measurements.
Vibrational structure superimposed on the Schumann-Runge continuum, previously assigned to the
(say) ’H!g Rydberg state, contributes less than 0.5% to the total oscillator strength determined for
that region. These data also yield f values for discrete bands in the region between 9.5 and 14.0 eV,
where line saturation problems complicate oscillator strength analysis of the optical data. An
oscillator strength sum of 0.198 is obtained for all transitions below the ionization potential at 12.07

eV.

1. INTRODUCTION

Oxygen, the second most abundant molecule in the
atmosphere, plays an important role in a variety of
combustion and energy conversion processes. In the
life sciences it is a key element in respiration. Itis
also important in atmospheric photochemistry and other
phenomena such as aurora and dayglow. Molecular ox-
ygen is also involved in many nuclear radiation prob-
lems, for example, in the energy degradation of ioniz-
ing radiation in air and in the quenching of radiation-in-
duced luminescence in liquids. Consequently, the
microscopic processes of energy absorption by O, are
of considerable interest not only from a fundamental but
also a practical viewpoint.

The spectrum of energy absorption by O, has been
studied optically by many workers, The results have
been critically reviewed by Krupenie! and by Hudson.?
Lassettre and co-workers™* have studied the inelastic
scattering of 500 eV electrons from O, and used their
data to derive oscillator strengths at a number of ener-
gy loss values in the O, spectrum. However, because
the resolution of this early work was comparatively low,
oscillator strengths for many unresolved transitions
could not be separately determined. In a series of pa-
pers®™® we have recently reported apparent oscillator
strength distributions for a number of molecules derived
from high-resolution electron energy-loss spectra.
These data have been in generally good agreement with
optically measured values. In this paper we present
similarly derived values for O, for energy losses be-
tween 5 and 14 eV,

. EXPERIMENTAL METHOD AND PROCEDURE

The high-resolution electron energy-loss spectrum
(Fig. 1) of O, was measured with the NBS model AN-1
electron impact spectrometer® for 100 eV electrons
scattered within 20 mrad of the incident direction. The
energy-loss spectrum was recorded digitally by counting
the number of inelastically scattered electrons in 10
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meV energy-loss intervals. The count was stored in an
on-line computer operated in a multichannel scaling
mode. The spectrum was swept between selected energy
loss points of 4, 50 and 14,09 eV and between 21, 00 and
21, 39 eV alternately for increasing and decreasing ener-
gy loss. This was done so that pressure and electron
beam fluctuations would be averaged out. The spectrum
shown in Fig, 1 was accumulated for 200 sweeps with a
counting time per channel of 17 msec in each sweep.

The data were corrected in two ways, First, the
count rate is adjusted to allow for dead time in counting
circuitry. Because of the high speed of the counting
electronics, the major dead time comes from the pulse
length itself. The dead time (r) of this system was mea-
sured to be 20 nsec, and a dead time correction of the
form 1/(1 - RT) was applied, where R is the uncorrected
count rate, This correction assures linearity of the
spectrum over many decades of accumulated count.

The second correction was made to adjust the energy
loss scale to a calibrated energy-loss point, For this
purpose, comparable parts of helium and oxygen (0.1069
and 0. 1599 torr, respectively) were leaked together in-
to the apparatus. Pressures were measured with a
The energy-loss scale was
then adjusted so that the 2 P~ 1S transition in helium
was positioned at 21.216 eV. Further, a total-system
energy resolution of 30 meV was determined from the
measured full width at half-maximum for this transi-
tion. Research-grade oxygen with a stated purity of
99, 99% was used,

An apparent oscillator strength distribution was de-
rived from the energy loss data by a procedure dis-
cussed in detail elsewhere,® This procedure yields a
relative oscillator strength distribution from the ener-
gy-loss data by correcting for a finite angular accep-
tance of the apparatus. The relative distribution is then
normalized at one point in the spectrum, preferably in
a region of continuous absorption, to a differential os-
cillator strength determined from optical measure-
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FIG. 1, Electron energy-loss spectrum of molecular oxygen
for 100 eV incident electrons scattered at zero angle.
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ments, Application of this method for incident energies
as low as 100 eV is based on the theory of limiting os-
cillator strengths developed by Lassettre, *° That is,
for zero momentum transfer the limiting value of the
generalized oscillator strength is the optical oscillator
strength regardless of whether the Born approximation
holds. In practice, this means that the relative oscilla-
tor strength distribution determined from energy-loss
spectra at small scattering angles (i.e., small momen-
tum transfer) should closely resemble the optical oscil-
lator-strength distribution.

Aside from the above, other qualifications outlined in
Ref, 6 have prompted use of the term “apparent” in de-
scribing oscillator strength distributions derived by this
procedure, One qualification concerns neglect of higher
order terms in the expansion of the generalized oscilla-
tor strength f(K), where %K is the momentum transfer.
This is likely to produce deviations from the optical dis-
tribution, particularly when the shape of the generalized
oscillator strength at small /K changes significantly for
different energy losses. For O, however, measure-
ments™* show that for energy losses below 15 eV the
shapes of f(K) are similar,

The apparent oscillator-strength distribution for O,
was derived from the data in Fig. 1 by use of Eq. (9) of
Ref. 6 for an incident energy 7 =100 eV and maximum
acceptance angle 6=0,020 rad. The data were normal-
ized at 8,61 eV (1440 A) to an average optical value of
0.135 eV™! [o(hv) = 1. 48X 10°"" cm?] where the photoab-
sorption measurements of a number of workers appear
to be in best agreement (see Fig. 13 of Ref. 2). Figure
2 shows the apparent oscillator strength distribution for
O, derived in this manner., The total oscillator strength
for a particular band located between energies E, and E,
may be obtained from the data of Fig. 2 by integration:

E
f:f ® df/dE)dE .
By

We also obtained energy-loss spectra for 300 eV incident
electrons on O,, although the data were of generally
poorer quality. A check of oscillator strengths derived
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in the same manner from these data showed agreement
to about +5% over the same energy-loss region.

1. RESULTS

A. The Schumann-Runge bands and continuum region

The intense continuous absorption band with a broad
maximum at 8.6 eV (Fig. 2) is the well known Schu-
mann-Runge continuum B*Z;-X °Z;. Our values in this
region are compared with the data of Watanabe et al, !
in a logarithmic plot in Fig. 3(a). In Fig. 3(b) the same
region is compared on a linear scale with a representa-
tive selection of optical data. '™ The agreement be-
tween the optical and electron-impact values is extreme-
ly good, Our values agree most closely with the data of
Watanabe ef ¢l. ' from 7.0 to about 9.7 eV except for a
small region between 8,75 and 9.00 eV (1420 to 1380 &),
where their values are about 10% lower. However, as
can be seen in Fig. 3(b), other optical values lie above
or very near the electron-impact values in this inter-
val, The low-intensity peaks in the spectrum [Fig. 3(a)]
below 7,08 eV are the discrete Schumann-Runge bands.
On the high-energy side of the continuum two shoulders
are observed (Fig. 3) at approximately 9,15 and 9. 27
eV along with a broad maximum at 9, 58 eV in agree-
ment with the data of Watanabe ef al, ' Interpretations
of these continua are reviewed by Krupenie' and Hudson.?

Our energy-loss data in the region of the maximum in
the Schumann~Runge continuum are shown in more detail
in Fig. 4. The peaks indicated below the spectrum were
obtained by subtracting the estimated contribution of the
underlying continuum (i, e,, indicated by the dashed line)
from the measured spectrum. These peaks are not
generally apparent in the optical measurements, al-
though such weak structure in a region of intense ab-
sorption might easily have been missed by workers us-
ing discrete-line sources. B However, there is some
indication of structure in this region in the energy-loss
spectrum of Geiger and Schroder’® for 25 keV incident
electrons. The energy-loss data of Lassettre ef al. '
for incident energies of 50 and 70 eV also indicate some
structure, Recently, Cartwright ef al.®® resolved these
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FIG. 2. Apparent oscillator strength distribution for O, de~
rived from the energy-loss data of Fig. 1,
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FIG. 3. Comparison of oscillator strengths in the Schumann-Runge region of Oy: (a) logarithmic plot of electron impact results
(solid line) with optical data of Ref, 11 (X); (b) linear plot of electron impact results (solid line) with optical data (X—Ref, 11,
square—~Ref, 12, triangle—Ref, 13, and cross-Ref, 14),

features in the energy-loss spectra for 45 eV incident transitions to the (330,)3II, Rydberg state of O,. This
electrons, They identify these energy losses as due to ) identification is made by comparison with energies of
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FIG. 4. Energy-loss spectrum of the Schumann—Runge contin-
uum showing discrete structure. Subtraction of estimated con-
tinuum contribution (dashed line) from the spectrum yields the
peaks indicated below the curve,

the Rydberg states calculated by an improved virtual-
orbital method. They also found the dependence onscat-
tering angle to be consistent with that expected for a
symmetry-forbidden transition. In Table I the peak en-
ergies and intensities are compared with the data of
Cartwright et al. ®® Our data confirm their observation
of the large energy spacing between v'=1and 2, similar
to that found for O3(%1,) by Sanche and Schulz, *® In Ta-
ble 1 we also list the apparent oscillator strength for
each vibrational member after subtraction of the under-
lying continuum. It is unclear whether these values
should be regarded as “dipole” oscillator strengths, in-
asmuch as the assignment of this transition as (3sc,)’ll,
~X *z; implies a zero dipole oscillator strength, On
the other hand, evidence from both photoabsorption®
and high-energy electron energy-loss'® measurements

TABLE I. Comparison of the energies and intensities mea-
sured for the *II, Rydberg state of oxygen

Apparent
4 Energy (eV) Spacing (eV) Rel. Intensity f value Ref.
0 8.138%0, 010 0.71 18.2x107° a
8.145+ 0, 020 9.73 b
0.234 a
0,222 b
1 8.372+0,010 1.00 25,6x107° a
8.36640, 020 1.00 b
0, 242 a
0.244 b
2 8.614+0,010 0,75 20,8%107° a
8.610 0, 020 0.80 b
0,226 a
0.215 b
3 8.840+0,010 0,32 9.6x10%° a
8.825+0, 020 0.25 b

Y fro=T4.2%107°

*Present work, PReference 18,

TABLE II. Values of f,q for the Schumann—Runge continuum,

Watanabe, Metzger Goldstein
Inn, and and and
Zelikoff!! Cook? Mastrup'
E(eV) 7.067 7.079 7,048
EyleV) 9.670 9,187 9,744
f {optical) 0,161 0,142 0.156
f {electron impact) 0,162 0.156 0,162

suggests that this transition may have some dipole-al-
lowed character. However, it is also possible that the
observed transition probability for this state may arise
through quadrupole or magnetic dipole terms. The sum
of the apparent oscillator strengths over the four vibra-
tional members yields a value of 7.42x 1074,

In order to obtain a total oscillator strength for the
Schumann-~Runge continuum one must integrate from the
dissociation limit of 7, 082 eV to some upper energy cut-
off. The choice of this upper energy limit is somewhat
complicated by the presence of weak continua in this re-
gion, as mentioned earlier, Integration of optical data
also encounters this problem and the choice of integra-
tion limits by various workers has not always been the
same, In Table II we compare f,,; values we obtain
from the present work with optical values, where the
limits of integration were chosen to be the same. These
agree to better than 10%, which represents the uncer-
tainty in the normalization value used. Further justifi-
cation of the specific normalization we have chosen is
evident from the consistency of our values with inde-
pendent measurements made for other spectral features.
Rather than the limits of integration shown in Table II
we prefer the limits E,="7.082 eV and E,=9, 480 eV,
which do not include contribution from the broad maxi-
mum near 9,58 eV, This choice yields f ;. =0.161.
This includes the small contribution (0. 46%) from the
four peaks superimposed near the maximum of the con-
tinuum, as well as an estimated contribution of less than
3% from the weak continua at 9, 15 and 9,27 V.

At the low-energy end of the Schumann-Runge contin-
uum a series of closely spaced peaks are resolved in the
energy-loss spectrum (Fig. 1). These are the Schu-
mann-~Runge bands converging to the dissociation limit,
These peaks are approximately three orders of magni-
tude less intense than the maximum counting rate in the
continuum, We have determined the apparent oscillator
strength of each vibrational member of this series by
integrating over an energy interval for each peak equal
to the band origin separations tabulated by Krupenie, !
The intervals of integration extend 10 meV above each
band origin. This choice positioned the limits of inte-
gration very near the minima observed between succes-
sive peaks for the vibrational members betweenv'=3
andv’=14. The limits of integration were then simply
extended into the regions where distinct peaks were no
longer resolved. A correction was made for each ener-
gy interval to subtract out an assumed constant back-
ground. This correction contributes a large uncertainty
(# 7x 10°") to the oscillator strengths determined for
bands with v’ < 6 but has negligible influence for the high-
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TABLE III. Oscillator strengths of the Schumann—Runge bands of O,.

Optical values

Band origin

v —v eV) Bethke Halmann Farmer et al. Ackerman et al, Hasson et al. Electron values
0-0  6.121 3.45% 10710 3.3 x1071°

1-0 6,204 3.9 x10™ 3.5 x10% 2.7 %1078
2—-0 6,287 2.3 x10°% 2,6 x10® 2,69%x10°8 2,38x1078 1.99% 1078 6.2 %1078
3-0 6,366 7.4 x10°% 8,2 x10®  1,54%107 9.9 x1078 6.8 x1078 5,6 %1078
4-0 6.443 2.74%x107 2.4 x107  7,11%x107 3,21%x1077 2.97x107
5-0 6,516 7.28%x1077  7.48x1077  2.80%10° 8.52x107" 7.39%x1077
6-0  6.586 1.73%x10°%  1,77x10°¢  4,40%107® 1.91%107 1,70%107¢
7-0  6.652 3.56X10°%  4,24x10°® 8,15x107® 3.81x107® 3,50%107°°
8~0  6.714 6.75x10°%  6.59%x10"% 1,22x107° 6.68%10"° 6,85x1078¢
9-0  6.772 1.07x10°%  1,13%x10°°  1.50%107° 1.06%x107° 1.05%10°
10-0 6,825 1.56%107°  1.42x10°% 2,05%107° 1.57x10%° 1.60%x107°
11-0  6.873 2.16%107° 2.74%107° 2.09%10% 2.26%107°
12-0 6,916 2,81x107° 3.58%1075 2.53%x107° 2.88%10""
13-0 ° 6.953 3.17%10"° 3.66Xx10"° 2,88x107° 3,41%107°
14~0  6.985 3,24%x107° 3.69x107° 3,03x10"° 3.77T%x107°
15-0  7.011 3,26%107° 3,77%107 2,92%107° 3,73%107°
16—-0 7,032 3,16%107° 3,31x107° 2,59% 1070 3,53%107°
17-0 7,048 2,94%107° 3.16%107° 2,23%x10°° 3,03%10°°
18-0  7.061 2,03%107 1.83%x107% 2.72x1078
19-0 7,070 1,74%10"° 1.44%107° 1,98x%107°
20-0  7.077 1.35%10"° 1.64%107?

2A 10% correction to the 8—0 band was made to account for an estimated contamination of less than 1 ppm of mercury

vapor from the diffusion pumps.

er bands.

Oscillator strengths for the Schumann-Runge bands
are presented in Table III with optically determined
values?™® for comparison. The electron impact values
agree closely with the optical data of Bethke,?! Hal-
mann, 2 and Ackerman et al, ? betweenv’=4 and v’=11
and approach the higher values of Farmer et al.?* for
vibrational members greater than v’=13. The trend of
the oscillator strengths and vibrational quantum number
of the upper state is clearly shown in Fig. 5. The band
intensities observed in this work are in better agree-
ment with the data of Bethke?! than with the relative in-
tensities observed for high-energy electron impact. *®
Within experimental accuracies there is no significant
departure from the general trend of the optical data.
The present work yields an oscillator strength sum of
32.9x%10°° for the Schumann—Runge bands in good agree-
ment with optical values of 25,5x10°%, 31.4x10°%, and
35,4%107% obtained, respectively, by Ackerman et al.,??
Bethke, ! and Farmer et al, %

The band oscillator strengths, f@’,0), are related to
the Franck-Condon factors, q@w’,0), and to the elec-
tronic absorption oscillator strength f, by the expres-
sion?!

f(’l)',O) =f,1q(v',o)E(v',o)/E,,, s

where E(@@’,0) is the energy of the band origin, and E,,
is the weighted average energy of the transition (i.e.,

a value E,, = 8,53 eV divides equally the total oscillator
strength of the Schumann-Runge region). Recently,
Albritton®® has calculated precisely the Franck—Condon
factors for the B32 (')~ X 32;(1)":0) transition for v’
=4 through 13, His calculations are based on a RKR po-

tential derived from the most accurate spectroscopic
data available and are considered to be highly reliable,
Combining these with our data from Table IlI, we find
values of fy from 0. 128 to 0. 155 with an average of
0.140. These are somewhat smaller than the total f
value of 0, 162 obtained by integration of our data over
the Schumann-Runge bands and continuum, This dif-
ference may be accounted for by a falloff in the elec-
tronic transition moment at large internuclear separa-
tions (i, e,, breakdown in the Born-Oppenheimer ap-
proximation). However, it is also possible that transi-
tions to another dissociative state (or states) overlapping
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FIG. 5. Comparison of discrete oscillator-strength values for
the Schumann-Runge bands: circle—present results; square—
Ref. 21; X—Ref, 22; diamond—Ref, 23; triangle—Ref, 24.
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the B®z; state contribute intensity in the Schumann—
Runge region,

B. The 9-14 eV energy absorption region of O,

The region above the Schumann-Runge continuum is
complex with discrete absorption. Many high-resolu-
tion optical studies have been carried out in this region,
and numerous bands, many still unclassified, have been
observed, ' In addition to the optical data electron en-
ergy loss studies®% 1% hayve also been carried out in
this region. However, only the data of Lassettre and
co-workers*® have been used to provide quantitative es-
timates of oscillator strengths.

In this region of sharp structure it is difficult to com-
pare directly the photoabsorption data with the present
results. This is because of a large difference in the en-
ergy resolution achieved in the two techniques. High-
resolution optical measurements show higher peaks,
deeper valleys, and much narrower peak widths than
the comparatively low-resolution electron energy-loss
data, This is demonstrated in Fig., 6, where the present
data are compared with a summary of optical measure-
ments of Watanabe and co-workers,?’ Other photoab-
sorption spectra®~* ghow the same behavior, In a
spectral region dominated by continuous absorption,
this difference vanishes. See Fig. 6, for example, just
above the ionization potential (12,07 eV), where the elec-
tron and optical values merge.

However, it is precisely the sharpness of the O, ab-
sorption lines that complicates the determination of f
values for discrete bands from the photoabsorption data.
Because photon absorption is a resonant process, the
measured absorption will depend on both the finite spec-
tral band width of the incident radiation and the natural
absorption width of the specific transition, which may

Huebner, Celotta, Mielczarek, and Kuyatt
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vary from one absorption line to another. Thus the mea-
sured absorption cross section will exhibit a bandwidth
dependence if the natural line width is narrower than the
instrumental bandwidth (see Ref. 2 for a more complete
discussion). All available photoabsorption cross sec-
tions for O, in this spectral region are subject to this
bandwidth dependence.? At an incident energy of 100 eV
inelastic electron scattering is a nonresonant process,
and experimental difficulties of this kind are absent.

We have determined integrated values of the oscillator
strength for small energy-loss intervals in the 9 to 15
eV region. At present there is no other reliable tabula-
tion of f values for transitions in this region. We have
chosen energy-loss intervals that separate major fea-
tures of the spectrum. These correspond closely to
the groupings indicated by Tanaka.3' The f values for
these intervals unavoidably include contributions from
several unresolved transitions, and no attempt was made
to separate them or to subtract any possible underlying
continuum. The f values we obtain are listed in Table
IV, where the energy intervals are indicated by end
points E, and E,, The first column labeled E, gives the
peak energy of the major feature observed between E,
and E,, These peak energies agree within +0.010 eV
with the energies tabulated by Geiger and Schroder™ for
the principal features of their energy-loss spectrum.
The last column of the table lists the identification label
or upper state designation commonly associated®™**® with
the prominent features in that interval. For more re-
cent attempts at assignments in this region see Cart-
wright et al.® and Lindholm,

Besides the general comparison between the present
oscillator strength distribution and the optical data (Fig.
6), one additional comparison can be made. Silverman
and Lassettre! obtained limiting oscillator strength

o
10 =N EEE T R ]’ T T T T ] T 1T ] 1T 777 J T 1T 1T 7 r T 1T T3
= 3
- % x -
r x % .
x x ‘ x
- x X ‘ l _
-1 A b 5 x|
0 ‘ Wt el < =
H e % 1K xX » X kX =
- | x MEINAE Sk 7
- i P ) - >>?<‘ x -
$ 1072 d L l A Vo ol |
2 E X1p i X 3  FIG. 6. Comparison of oscilla-
rr} - x 7| tor strengths in the 9-15 eV
2 - ; -] region of O,: electron-impact
- > { x XX A . .
° -3 v x x ] results {solid line); optical
£ 107 x X x 3 values of Ref, 27(X).
w = xx 3
- x -
< o < .
a. H x X —
< 0 x ]
= x x o= g
= x ]
-
105 o v o v b g A B A R R B AR
9 10 11 12 13 14 15

ENERGY LOSS (eV}

J. Chem. Phys., Vol. 63, No. 1, 1 July 1975

Downloaded 21 Jan 2003 to 129.6.97.18. Redistribution subject to AIP license or copyright, see http://ojps.aip.org/jcpo/jcpcr.jsp



Huebner, Celotta, Mielczarek, and Kuyatt: Oscillator strengths for molecular oxygen 247

TABLE IV, Oscillator strengths for transitions in O, from
9,58 to 14.04 eV,

E,nleV) EleV) E,(eV)  fvalue Identification®

9,58 9,48 9,74 ©1,01x10%

9.96 9,74 10,18 10,24x1073 longest band
10.28 10,18 10.44 8.04x1073 second band
10.57 10,44 10,62 1.47x 1073 third band
10.66 10, 62 10.71 6.50%x10™ a
10.76 10,71 10, 86 2.42x10°3
10. 90 10,86 10.96 9.00x10™ b
11.03 10. 96 11,17 1.59%107 b,c
11.24 11,17 11,33 1,10x107% c
11,46 11,33 11,52 2,10x 1073 d
11,55 11.52 11.59 5,02x10™ (?)

11,64 11,59 11.74 2,05x107% d

11, 82 11,74 11,87 1.63x1073 d
many 11,87 12,10 2,83x1¢73

many 12,10 12,24 1,.82x107

12,34 12,24 12,40 3.79%1073 H
12.48 12.40 12.53 7.25%1073 H
12.61 12,53 12,66 11,76x1073 H,H'
12,74 12,66 12,78 14,.83x 1073 H,H'
12, 84 12,78 12,91 17.24%x107 H'
12,96 12,91 13.02 16.41x1073 M,H'
13.08 13,02 13.13 15.67x1073 M
13,20 13,13 13,25 13.90%10"% M
13.30 13.25 13,36 11,86x10%? M,M’-
13.41 13.36 13.46 9.87x1073 M, M’
13,51 13.46 13,57 10,33x107? M
13.62 13,57 13.67 9,52x10%3 M’
13.75 13.67 13.79 11.66x1073 M, (?)
13,86 13.79 13.94 14.24x10% J
13,99 13,94 14.04 10,27x10°% J

%See Refs, 31 and 32,

values for energy losses at 9.9 and 12,9 eV by extrap-
olation of their measurements of the generalized os-
cillator strength to zero momentum transfer, These
values have recently been revised by Lassettre and
Skerbele® to correct for the streaming error in the Mc-
Leod gauge used for pressure measurements in the ear-
lier work, The corrected f values for the peak at 9.9
eV and the region at 12.9 eV (10.8~13,7 eV) are 0.020
and 0. 147, respectively. Their 9.9 eV peak observed
at low resolution undoubtedly is a composite of the three
regions of Table IV, including the longest, second and
third bands at 9, 96, 10.28, and 10.57 eV. The sum of
f values we obtain in the region from 9. 74 to 10. 66 eV
is 0,0198 in excellent agreement. The sum of f values
we obtain in the region from 10.71 to 13,67 eV, which
spans most of the values presented in Table IV, is

0. 159, approximately 8% larger than their result. Simi-
larly, they obtain an oscillator strength of 0. 179 for the
Schumann—-Runge continuum, which is 11% larger than
our value of 0, 162 for the Schumann—Runge bands and
continuum. From this comparison, we conservatively
estimate the accuracy of the oscillator strengths ob-
tained in this work to be better than + 15%.

The present data yield an oscillator strength sum of
0. 198 for all transitions below the ionization potential
of O, at 12,07 eV and of 0.383 below 14.09 eV,

IV. SUMMARY AND CONCLUSIONS

The apparent oscillator strength distribution for O,
derived in this work agrees well with optical measure-
ments throughout the region investigated. For the first
time integrated oscillator strengths for the Schumann-
Runge band system have been obtained from electron
energy-loss measurements. These values exhibit a de-
pendence on vibrational quantum number of the upper
(3z;) state consistent with high-resolution optical data.
Our analysis shows that the same Franck-Condon fac-
tors hold for 100 eV incident electrons as for excitation
of this transition by photons.

Oscillator strengths were also determined for transi-
tions between 9,5 and 14, 09 eV, where optical measure-
ments are complicated by absorption line saturation
problems, The close agreement we obtain with the inde-
pendent measurements of Lassettre and co-workers dem-
onstrate the reliability of the present results, Our
tabulation of f values should be a helpful guide for future
theoretical assignments of the many unclassified transi-
tions of O, below 14 eV,
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