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Abstract

Datasets of oscillator strength spectra, photoabsorption cross sections, and mass absorption
coefficients are evaluated for 9 atoms (H, He, Li, N, O, Ne, Na, Cl, and Ar) and 23 molecules
(Ha, N,, O,, CO, NO, HCI, H,0, CO,, N,O, NO,, H,S, SO,, O;, NH;, CH4, C,H,, C;H,4, C,Hg,
CH;0H, C4Hg, SiHy, SFs, and Cy), which are based on the data compiled by Berkowitz [Atomic
and Molecular Photoabsorption: Absolute Total Cross Sections (Academic Press, 2002)]. The
atomic number of adopted atoms is up to 18 (Ar) and that of constituent atoms of adopted
molecules is not larger than 17 (Cl). For these atoms and molecules, experimental data are
plenty to construct a reliable oscillator strength spectrum over the entire energy region. Datasets
reported here are presently the most reliable because Berkowitz adopted cross sections after
severe consideration of existing experimental data. The oscillator strengths are selected to

satisfy the several sum rules and other theoretical bound conditions.
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1. Introduction

We reconstructed the oscillator-strength spectra (OSS) of 9 atoms and 23 molecules on the
basis of photoabsorption cross sections compiled and published by Berkowitz [Atomic and
Molecular Photoabsorption: Absolute Total Cross Sections (Academic Press, 2002)]. He treated
gaseous atoms up to Ar, the atomic number Z of which is 18. He treated gaseous molecules
composed of atoms up to Cl (Z=17). For these atoms and molecules, plenty experimental data
are available to construct a reliable OSS over the entire energy region. Moreover, the basic
theoretical frame work for data analysis such as standard sum rules stands good for light atoms.
These data were used to obtain the averaged stopping power by Kamakura et al. [J. Appl. Phys.,
100 (2006) 064905].

2. Definitions

The pth energy moment of the oscillator-strength spectrum (-2 < p < 2) is defined by

Y e[ E”(df jdE 1)

where f_ denotes the oscillator strength for discrete excitation to state n, and df /dE the

oscillator-strength density per unit excitation energy E in the continuum. The lower limit IP of

the integration represents the (first) ionization potential. The oscillator strength f, for

transition from the ground state 0 to an excited state n is defined by
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Here m denotes the electron mass, 7 is Planck's constant divided by 2n, E_ the excitation
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energy of discrete state N (measured from the ground state), and I, the position vector of the

sth electron in the atom or molecule. Experimental information on the oscillator-strength

spectrum is obtained mainly from measurements of the photoabsorption cross section, Gph(E)

at photon energy E. The relation between the two quantities is

df mc
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The moment S(p) of Eq. (1) has the dimension of the pth power of the excitation energy E.
Here we use the Rydberg energy Ry = 13.606 eV as the unit of E throughout, and refer to the

moment value measured in (Ry)p as S(p) for simplicity of expression.



The oscillator-strength moment S(p) is often related to certain physical quantities. In the
present context, S(— 2) and S(O) are particularly important, we used these as constraints to
the selection of the magnitude of a measured oscillator-strength spectrum. The quantity S (— 2)
is proportional to the static electric-dipole polarizability, a reliably measured value of which is
often available. The quantity S (O) represents the total number of electrons in the system under
consideration according to the Thomas-Reiche-Kuhn (TRK) sum rule, which should be accurate

to ~0.1% for the atoms and molecules we treat in the present datasets.

3. Data survey

Berkowitz performed a thorough survey of photoabsorption cross sections for 32 atoms and
molecules, and gave recommended cross-section data over the entire energy range [Atomic and
Molecular Photoabsorption: Absolute Total Cross Sections (Academic Press, 2002)]. The data
are given in terms of the oscillator-strength spectrum. To arrive at the most probable set of data,
he adjusted data obtained from various sources with the use of the sum rules of Eq. (1) as a
guide. The oscillator-strength data are given in the following three forms. Firstly, many of the
oscillator-strength values are tabulated for individual discrete transitions. Secondly, the
continuum oscillator-strength spectrum is often shown graphically for selected energy intervals.
Thirdly, at higher energies, the oscillator-strength density is usually given by a four-term
polynomial, df /dE =ay” +by’ +cy* +dy’. Here the variable y is inversely proportional to
the excitation energy E and a, b, ¢, and d are fitting coefficients.

In some energy intervals, the oscillator-strength spectrum is not given explicitly; only partial
spectral moments S(p) for p=-2,-10,1,2 are listed in tables. In such cases, numerical
data were obtained from the original papers cited. When the oscillator-strength spectrum is
given graphically, we obtained from a digitizer and read data with sufficient resolution in E.

Once the oscillator-strength data have been determined for the entire energy region, we can
calculate partial values of spectral moments S(p) in any given energy interval. For the energy
intervals where Berkowitz does not give numerical values of the oscillator strength, values
initially obtained with the digitizer were adjusted so that they gave partial values of spectral
moments S(p) consistent with those given by him. In those energy intervals, we judged that
we used the same oscillator strengths as he used if we could reproduce S(O) and S(l) values
within the accuracy of £ 1%. Generally a good reproduction of all the moments should be
obtained if proper oscillator strengths are used. [The reason why equally good reproduction of
all the partial values could not be obtained for S(p) for p=-2,-10,,2, is probably due to
some difference in computational methods for each S(p) .

For all the species of atoms and molecules, oscillator-strength moments, S(p) for



p=-2-10,]1,2, were calculated for every energy intervals and compared with those listed in
Berkowitz's book. In some cases we found significant disagreements between our values of
S(p) and those of Berkowitz; some values in his book were found to be incorrect and some
necessary data were missing. After full communications with Berkowitz on the correct data, a
final set of data of oscillator-strength spectra was established for each of the 32 atoms and
molecules. The main corrections to his book are as follows.

In attempting to reproduce the calculations reported by Berkowitz [Atomic and Molecular
Photoabsorption: Absolute Total Cross Sections (Academic Press, 2002)], it was necessary to
obtain further information about oscillator-strength spectra or photoabsorption cross sections. In
some cases we found that numerical values given in Berkowitz's book should be corrected. In
the following we draw up a list of these supplementary data and corrections for each atom or
molecule. The number of Tables and pages cited below are those of his book.

For Li, the following data should be added in Table 2.7, p.22.

For O, the value of the moment S(— l) in the energy range from 25.30 eV to 28.83 eV (Table
2.16, p.40) should be corrected from 0.891 to 0.1891. Oscillator-strength data used by
Berkowitz to calculate the moments in the energy range from K edge to 572.8 eV are given in
the following table (Table 2).

For Cl, the moment S(O) in the energy range from 16.42 eV to 43 eV (Table 2.30, p.77) is
corrected from 4.0105 to 4.1015.

For Ar, the correct values of moments S(l) and 3(2) in the energy range from 243.0 eV to
253.0 eV (Table 2.34, p.89) are 3.5471 and 64.8246, respectively. The value of coefficient ¢ in
the energy range from 500 eV to 929.7 eV (Table 2.35, p.90) should be 8315.576, not 8315576.
In this energy range, the correct value of the moment S (l) is 111.9896.

For CO, the values of moments S(p), p=-2-10]1,2, in the energy range from IP to
17.712 eV (Table 4.14, p.160) are corrected slightly to 0.6587, 0.7582, 0.8771, 1.0195, and
1.1908, respectively.

For NO, the moment S(l) in the energy range from 435 eV to 539 eV (Table 4.17, p.170) is
corrected to 17.4857.

For HCI in the energy range from 38.0 eV to 91.5 eV, Berkowitz says that "'this is
controversial region where little, if any, reliable data exist" and uses cross sections obtained by
interpolating a few data with a smooth curve. Although we tried the same method on the basis
of the data given in the cited references, we failed to reproduce the moment values in his book.
Photoabsorption cross sections given by Berkowitz are as follows (Table 3).

It was also stated that new photoabsorption cross section data could be obtained from the
following website, ftp://ftp.chem.ubc.ca/pub/cooper/. However, new data were not adopted in

the present calculation because such corrections were beyond the scope of the present work.



For CO,, the corrected value of the moment 5(2) in the energy range from 35.93 eV to
107.08 eV (Table 5.4, p.192) is 145.296, not 15.296.

For SO,, the moment S(l) in the energy range from IP to 16.67 eV (Table 5.13, p.223)
should be corrected to 1.9237.

For NHj, the correct values of coefficients given in Table 6.3, p.244, in the energy range from
425.0 eV to 2042.4 eV are a =7.907258, b = 10573.86, ¢ = 232623, and d = 987685.8.

For SiHy, the value of the moment 8(2) in the energy range from 101.0 eV to 108.0 eV
(Table 6.22, p.312) should be 9.4158, not 93.4158. Further, the coefficient d given in Table 6.23,
p-314, in the energy range from 1872 eV to 10000 eV should have a minus sign, namely
-380068525. Then the correct value of the moment S(O) in this energy range is 1.4964.

Table 1. Supplementary data of energies and oscillator strengths for the 1s2snp Rydberg series

in atomic lithium.

Assignment Energy (eV) f
(1s25°S)6p’P 63.951 0.005
(1s25°S)7p’P 64.121 0.003
(1s25°S)8p’P 64.184 0.002
1525°S)9p*P 64.232 0.0014
p

Table 2. Energies and oscillator strengths for the energy range from the K edge to 572.8 eV in

atomic oxygen.

Energy (eV) f Remarks

527 0.0452 Peak

541.2 0.00483 Peak

545.85 0.00374 Peak

542.68 0.001679 Peak

547.46 0.001404 Peak

544 0.001056 Underlying continuum, O"
548.8 0.000939 Underlying continuum, O"
544.5 0.004521 Underlying continuum, O™
547 0.01150 Underlying continuum, O™
550.5 0.01485 Underlying continuum, O™

552.5-572.8 0.09402




Table 3. Photoabsorption cross sections in the energy range from 38.0 eV to 91.5 eV in

molecule HCI.

Energy (eV) Cross section (Mb) Energy (eV) Cross section (Mb)
38.0 2.85 65.0 1.5

40.0 2.6 70.0 1.43

45.0 2.2 75.0 1.35

50.0 1.92 80.0 1.27

55.0 1.72 85.0 1.20

60.0 1.6 91.5 1.155




4. List of data

e Atoms (9)
Atomic Hydrogen (H)
Helium (He)
Lithium (Li)
Atomic Nitrogen (N)
Atomic Oxygen (O)
Neon (Ne)
Sodium (Na)
Atomic Chlorine (CI)
Argon (Ar)

e Diatomic molecules (6)

Molecular Hydrogen (H»)
Molecular Nitrogen (N,)
Molecular Oxygen (O,)
Carbon Monoxide (CO)
Nitric Oxide (NO)
Hydrogen Chloride (HCI)

e Triatomic molecules (7)
Water (H,0)
Carbon Dioxide (CO,)
Nitrous Oxide (N,O)
Nitrogen Dioxide (NO,)
Hydrogen Sulfide (H,S)
Sulfur Dioxide (SO,)
Ozone (0O3)

e Polyatomic molecules (10)
Ammonia (NH3)
Methane (CH,4)
Acetylene (C,H,)
Ethylene (C,Hy)
Ethane (C,Hy)




Methanol (CH;0H)
Benzene (C¢Hp)

Silane (SiH,)

Sulfur Hexafluoride (SFs)

Buckminsterfullerene (Cgp)
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Energy, eV Source
Discrete
1s — np Verner et al., Astron. Astrophys. Suppl. Ser., 108 (1994) 309
(up to n=30)

Continuum

formula described in text
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He

Energy, eV Source

21.2 - 24.5874 (1P) Berkowitz, J. Phys. B, 30 (1997) 881-892
IP-120 Table 2.2 p.15 (Berkowitz's book™)

60 -72 Berkowitz, J. Phys. B, 30 (1997) 881-892

Schulz et al., Phys. Rev. Lett., 77 (1996) 3086

120 -280 Table 2.2 p.15 (Berkowitz's book*)

280 - 1000 Table 2.2 p.15 (Berkowitz's book™)

1000 - 13600 Table 2.2 p.15 (Berkowitz's book*)

13600 - oo formura described in text

Salpeter and Zaidi, Phys. Rev., 125 (1962) 248

* Atomic and Molecular Photoabsorption: Absolute Total Cross Sections (2002)
(Academic Press)
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Li

Energy, eV Source
0-5.3917 (IP) Table 2.4 p.19 (Berkowitz's book*)
IP-24.797 Table 2.5 p.20 (Berkowitz's book*)
24.797 - 65.0 Table 2.5 p.20 (Berkowitz's book*)
58.91 - 65.65 Table 2.7 p.22 (Berkowitz's book*)

(resonance)
64.9 - 73.82 Table 2.8 p.22 (Berkowitz's book*)
(resonance)
65.0-75.0 Fig. 2.6 p.23 (Berkowitz's book*)
75.0 - 200.0 Table 2.5 p.20 (Berkowitz's book*)
200.0 - 851.5 Table 2.5 p.20 (Berkowitz's book™)
851.5 - 2000 Table 2.5 p.20 (Berkowitz's book*)
2000 - 10000 Table 2.5 p.20 (Berkowitz's book*)
10* - 10° Chantler, J. Phys. Chem. Ref. Data, 24 (1995) 71
10° - co Bethe and Salpeter** (K-shell only)

* Atomic and Molecular Photoabsorption: Absolute Total Cross Sections (2002)
(Academic Press)

** Quantum Mechanics of One and Two-Electron Atoms (1977)
(Plenum), p.305
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Energy, eV Source
Discrete - 14534128  Table 2.10 p.27 (Berkowitz's book*)
(IP)

IP-30.0 Table 2.12 p.33 (Berkowitz's book*)

30.0 - 49.6 Table 2.12 p.33 (Berkowitz's book™)

17.898 - 20.335 Dehmer et al., . Chem. Phys., 60 (1974) 2676

(resonance) Carroll et al., Astrophys. J., 146 (1966) 553

49.6 - 180 Table 2.12 p.33 (Berkowitz's book*)

180 - 409.9 Table 2.12 p.33 (Berkowitz's book™*)

Pre-K edge Table 2.12 p.33 (Berkowitz's book™)

409.9 - 2042.4 Table 2.12 p.33 (Berkowitz's book*)

2042.4 - 10000 Table 2.12 p.33 (Berkowitz's book*)

10* - 10° Chantler, J. Phys. Chem. Ref. Data, 24 (1995) 71
10° - oo Bethe and Salpeter** (K-shell only)

* Atomic and Molecular Photoabsorption: Absolute Total Cross Sections (2002)

(Academic Press)

** Quantum Mechanics of One and Two-Electron Atoms (1977)

(Plenum), p.305
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Energy, eV Source
0-13.618 (IP) Table 2.14 p.36 (Berkowitz's book*)
IP - 18.64 Table 2.15 p.38 (Berkowitz's book*)
autoionization only
IP-16.93 Angel and Samson, Phys. Rev. A, 38 (1988) 5578
continuum
16.93 - 18.64 Angel and Samson, Phys. Rev. A, 38 (1988) 5578
18.64 - 25.30 Table 2.17 p.41 (Berkowitz's book*)
25.30 - 28.83 Angel and Samson, Phys. Rev. A, 38 (1988) 5578
28.83 - 47.69 Table 2.17 p.41 (Berkowitz's book*)
47.69 - 280 Table 2.17 p.41 (Berkowitz's book™*)
280 - 552.5 Table 2.17 p.41 (Berkowitz's book™*)
552.5 (K edge) b.6 p.41 (Berkowitz's book*)

-572.8

572.8 - 2622.4 Table 2.17 p.41 (Berkowitz's book™*)
2622.4 - 10000 Table 2.17 p.41 (Berkowitz's book*)
10* - 10° Chantler, J. Phys. Chem. Ref. Data, 24 (1995) 71
10° - o Bethe and Salpeter** (K-shell only)

* Atomic and Molecular Photoabsorption: Absolute Total Cross Sections (2002)
(Academic Press)
** Quantum Mechanics of One and Two-Electron Atoms (1977)
(Plenum), p.305
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Ne

Energy, eV Source

0-21.661 Table 2.19 p.49 (Berkowitz's book™*)

21.661 - 48.475 Table 2.21 p.52 (Berkowitz's book*)

455 -48.8 Codling et al., Phys. Rev., 155 (1967) 26
Aleksandrov et al., Opt. Spectrosc. (USSR), 54 (1983) 4
Langer et al., J. Phys. B, 30 (1997) 593

48.475-2500 Table 2.21 p.52 (Berkowitz's book*)

250.0 - 280.0 Table 2.21 p.52 (Berkowitz's book*)

280.0 - 870.25 Table 2.21 p.52 (Berkowitz's book*)

867.25 - 870.25

870.25 - 2984.3
2984.3 - 10000
10* - 10°
10° - o

Hitchcock and Brion, J. Phys. B, 13 (1980) 3269
Esteva et al., J. Phys. B, 16 (1983) L263-268
Table 2.21 p.52 (Berkowitz's book™)

Table 2.21 p.52 (Berkowitz's book*)

Chantler, J. Phys. Chem. Ref. Data, 24 (1995) 71
Bethe and Salpeter** (K-shell only)

* Atomic and Molecular Photoabsorption: Absolute Total Cross Sections (2002)
(Academic Press)
** Quantum Mechanics of One and Two-Electron Atoms (1977)
(Plenum), p.305
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Na

Energy, eV Source
2.1037 Table 2.22 p.56 (Berkowitz's book*)
3.7531-4.9764 Table 2.23 p.57 (Berkowitz's book*)
4.9764 - 5.1391 Table 2.24 p.58 (Berkowitz's book™)
5.1391 (IP) - 6.359 Table 2.25 p.60 (Berkowitz's book*)
6.359 - 14.0 Table 2.25 p.60 (Berkowitz's book*)
14.0-36.5 Table 2.25 p.60 (Berkowitz's book™)
30.77 - 38.71 Table 2.26 p.62 (Berkowitz's book™*)
(2p resonance)
36.5-53.7 Table 2.25 p.60 (Berkowitz's book™)
66.4,69.4 b.5 p.61 (Berkowitz's book*)
(2s resonance)
53.7-311.7 Table 2.25 p.60 and 2.27 p.63 (Berkowitz's book*)
311.7-1079.1 Table 2.25 p.60 and 2.27 p.63 (Berkowitz's book*)
1075 - 1088 Table 2.28 p.64 (Berkowitz's book*)
(1s resonance)
1079.1 - 3691.7 Table 2.27 p.63 (Berkowitz's book™)
3691.7 - 10000 Table 2.27 p.63 (Berkowitz's book*)
10* - 10° Chantler, J. Phys. Chem. Ref. Data, 24 (1995) 71
10° - oo Bethe and Salpeter** (K-shell only)

* Atomic and Molecular Photoabsorption: Absolute Total Cross Sections (2002)
(Academic Press)

** Quantum Mechanics of One and Two-Electron Atoms (1977)
(Plenum), p.305
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Cl

Energy, eV Source

Valence Spec. — Table 2.29 p.69 (Berkowitz's book™)
16.42 (*S)
16.42 - 43 Table 2.31 p.78 (Berkowitz's book™)
Samson et al., Phys. Rev. Lett., 56 (1986) 2020

43-915 Table 2.31 p.79 (Berkowitz's book™)
91.5-208 Table 2.31 p.79 (Berkowitz's book*)
208.0 - 705.0 Table 2.31 p.79 (Berkowitz's book™)
705.0 2830 Table 2.31 p.79 (Berkowitz's book™)
270 Ninomiya et al., J. Phys. B, 14 (1981) 1777
2821 Bodeur et al., Z Phys. D, 17 (1990) 291
2830 - 10000 Table 2.31 p.79 (Berkowitz's book*)
10* - 10° Chantler, J. Phys. Chem. Ref. Data, 24 (1995) 71
10° - oo Bethe and Salpeter** (K-shell only)

* Atomic and Molecular Photoabsorption: Absolute Total Cross Sections (2002)
(Academic Press)

** Quantum Mechanics of One and Two-Electron Atoms (1977)
(Plenum), p.305
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Ar

Energy, eV Source
0-15.93711 Table 2.33 p.88 (Berkowitz's book*)
15.937 - 29.239 Table 2.35 p.35 (Berkowitz's book*)

26.6 - 29.2 Berrah et al., J. Phys. B, 29 (1996) 5351
Madden et al., Phys. Rev., 177 (1969) 136

29.239 - 48.0 Table 2.35 p.35 (Berkowitz's book*)

48.0 - 79.3 Table 2.35 p.35 (Berkowitz's hook*)

79.3-243.0 Table 2.35 p.35 (Berkowitz's book*)

243.0 - 253.0 Cham et al., Phys. Rev. A, 46 (1992) 149

253 — 264 Cham et al., Phys. Rev. A, 46 (1992) 149

264 — 271 Cham et al., Phys. Rev. A, 46 (1992) 149

271-321 Cham et al., Phys. Rev. A, 46 (1992) 149

321 - 336 Cham et al., Phys. Rev. A, 46 (1992) 149

336 - 500 Table 2.35 p.35 (Berkowitz's book™)

500 - 929.7 Table 2.35 p.35 (Berkowitz's book*)

929.7 — 3203 Table 2.35 p.35 (Berkowitz's book*)

3203.3 Deslattes et al., Phys. Rev. A, 27 (1983) 923

3206 - 6199.3 Table 2.35 p.35 (Berkowitz's book*)

6199.3 - 10* Table 2.35 p.35 (Berkowitz's book*)

10* - 10° Chantler, J. Phys. Chem. Ref. Data, 24 (1995) 71

10° - o Bethe and Salpeter** (K-shell only)

* Atomic and Molecular Photoabsorption: Absolute Total Cross Sections (2002)
(Academic Press)

** Quantum Mechanics of One and Two-Electron Atoms (1977)
(Plenum), p.305
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H>

Energy, eV Source
11.18 - 14.67 Table 4.1 p.127 (Berkowitz's book*): Lyman bands
12.29 - 14.47 Table 4.1 p.127 (Berkowitz's book*): Werner bands
13.70 - 14.67 Table 4.2 p.128 (Berkowitz's book*)
13.99 - 16.52 Table 4.2 p.128 (Berkowitz's book*)

Higher Rydbergs Glass-Maujean et al., Z. Phys., D5 (1987) 189
-15.4258 (IP)  a.3 p.128 (Berkowitz's book™)

Dissociation Glass-Maujean et al., Z. Phys., D5 (1987) 189
Continuum

below IP

Dissociation Glass-Maujean et al., Z. Phys., D5 (1987) 189
Continuum

above IP

Predissociation Table 4.4 p.131 (Berkowitz's book*)

above IP

Autoionization Table 4.5 p.132 (Berkowitz's book*)

15.4258 (IP) - 17.0  b.4 p.131 (Berkowitz's book*)

17.0-18.0 b.4 p.131 (Berkowitz's book*)

18.0-40.0 Table 4.6 p.134 (Berkowitz's book™)

40 - 80 Table 4.6 p.134 (Berkowitz's book*)

80 - 160 Table 4.6 p.134 (Berkowitz's book*)

160 - 300 Table 4.6 p.134 (Berkowitz's book*)

300 - 1800 Table 4.6 p.134 (Berkowitz's book*)

1800 - 10* Table 4.6 p.134 (Berkowitz's book*)

10* - oo o(H,) = 1.444 X2 X 5(H)

* Atomic and Molecular Photoabsorption: Absolute Total Cross Sections (2002)
(Academic Press)
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N,

Energy, eV

Source

12.500 - 13.788
12.854 - 14.808
12.912 - 13.922
12.934 - 14.482
13.103 - 14.275
14.330 - 14.860
14.364

14.839

14.92 - 15.58 (IP)
IP - 18.786
18.786 - 107.07
107.07 - 200
200 - 407.4
401.0

405.6

406.8

407.4 - 430
430 - 1253.6
1253.6 - 3691.7
3691.7 - 10*
10*- 10°

10° - o

Table 4.7 p.142 (Berkowitz's book*)

Table 4.7 p.142 (Berkowitz's book*)

Table 4.7 p.142 (Berkowitz's book™)

Table 4.7 p.142 (Berkowitz's book*)

Table 4.7 p.142 (Berkowitz's book™)

e'I1, Chan et al., Chem. Phys., 170 (1993) 81
e'>," Chan et al., Chem. Phys., 170 (1993) 81

n =5, 11, Chan et al., Chem. Phys., 170 (1993) 81
IP Chan et al., Chem. Phys., 170 (1993) 81

Chan et al., Chem. Phys., 170 (1993) 81

Table 4.9 p.144 (Berkowitz's book*)

Henke, et al., Atom. Data Nucl. Data Tables, 54 (1993) 181
Table 4.9 p.144 (Berkowitz's book™)

Table 4.8 p.143 (Berkowitz's book*)

Table 4.8 p.143 (Berkowitz's book™)

Table 4.8 p.143 (Berkowitz's book*)

Zhadenov et al., Opt. Spectrosc (USSR), 62 (1987) 204
Table 4.9 p.144 (Berkowitz's book™)

Table 4.9 p.144 (Berkowitz's book™*)

Table 4.9 p.144 (Berkowitz's book*)

Chantler, J. Phys. Chem. Ref. Data, 24 (1995) 71
Bethe and Salpeter** (K-shell only)

* Atomic and Molecular Photoabsorption: Absolute Total Cross Sections (2002)

(Academic Press)

** Quantum Mechanics of One and Two-Electron Atoms (1977)

(Plenum), p.305
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O,

Energy, eV Source
7.125 - 12.07 (IP) Table 4.10 p.151 (Berkowitz's book*)
IP - 24.53 Holland et al., Chem. Phys., 173 (1993) 315
24.53 - 107.07 Table 4.12 p.153 (Berkowitz's book*)
107.07 - 206.06 Table 4.12 p.153 (Berkowitz's book*)
206.06 - 506 Table 4.12 p.153 (Berkowitz's book*)
530.9 Barrus et al., Phys. Rev. A, 20 (1979) 1045
506 - 600 Barrus et al., Phys. Rev. A, 20 (1979) 1045
600 - 2622.4 Table 4.12 p.153 (Berkowitz's book*)
2622.4 - 10 Table 4.12 p.153 (Berkowitz's book*)
10*-10° 5(0,) = 2x5(0), Chantler, J. Phys. Chem. Ref. Data, 24 (1995) 71
10° - o Bethe and Salpeter** (K-shell only)

* Atomic and Molecular Photoabsorption: Absolute Total Cross Sections (2002)

(Academic Press)

** Quantum Mechanics of One and Two-Electron Atoms (1977)

(Plenum), p.305
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CcO

Energy, eV Source

8.028 - 9.950 Table 4.13 p.159 (Berkowitz's book*)
10.776 - 11.034 Table 4.13 p.159 (Berkowitz's book*)
11.397 - 11.662 Table 4.13 p.159 (Berkowitz's book*)
11.522 - 11.789 Table 4.13 p.159 (Berkowitz's book*)
12.130 - 14.013 Chan et al., Chem. Phys., 170 (1993) 123

14.0136 (IP) Chan et al., Can. J. Phys., 43 (1965) 1706
-17.712

17.712 - 20.68 Chan et al., Can. J. Phys., 43 (1965) 1706

20.68 - 26.84 Chan et al., Can. J. Phys., 43 (1965) 1706

26.84 - 124.37 Table 4.15 p.161 (Berkowitz's book*)

124.37 - 292.5 Table 4.15 p.161 (Berkowitz's book*)

287.4 Table 4.14 p.160 (Berkowitz's book*)

292.5 - 350 Fig. 4.6 (Berkowitz's book*)

350 - 539.5 Table 4.15 p.161 (Berkowitz's book*)

534.1 Table 4.14 p.160 (Berkowitz's book*)

539.5 - 598 Barrus et al., Can. Phys. Rev. A, 20 (1979) 1045

598 - 1486.7 Table 4.15 p.161 (Berkowitz's book*)

1486.7 - 3691.7 Table 4.15 p.161 (Berkowitz's book*)

3691.7 - 10 Table 4.15 p.161 (Berkowitz's book*)

10* - 10° Chantler, J. Phys. Chem. Ref. Data, 24 (1995) 71

10° - oo Bethe and Salpeter** (K-shell only)

* Atomic and Molecular Photoabsorption: Absolute Total Cross Sections (2002)
(Academic Press)
** Quantum Mechanics of One and Two-Electron Atoms (1977)
(Plenum), p.305
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NO

Energy, eV Source
5.480 - 7.437 Table 4.16 p.169 (Berkowitz's book*)
7.517 - 9.264 (IP) Chan et al., Chem. Phys., 170 (1993) 111
IP-18.44 Chan et al., Chem. Phys., 170 (1993) 111
18.44 - 20.93 Chan et al., Chem. Phys., 170 (1993) 111
20.93 - 32.0 Table 4.18 p.171 (Berkowitz's book*)
32.0-80 Table 4.18 p.171 (Berkowitz's book*)
80 - 150 Table 4.18 p.171 (Berkowitz's book*)
150 -405 Table 4.18 p.171 (Berkowitz's book*)
399.7 Table 4.17 p.170 (Berkowitz's book*)
405 - 435 Fig. 4.8 p.172 (Berkowitz's book*)
435 - 539 6(NO) = 6(N)+c(0),

Henke, et al., Atom. Data Nucl. Data Tables, 54 (1993) 181
532.7 Table 4.17 p.170 (Berkowitz's book*)
539 - 565 Fig. 4.9 p.173 (Berkowitz's book*)
565 - 2042.4 Table 4.18 p.171 (Berkowitz's book*)
2042.4 - 10° Table 4.18 p.171 (Berkowitz's book*)
10* - 10° o(NO) = 6(N)+c(0)
Chantler, J. Phys. Chem. Ref. Data, 24 (1995) 71

10°- oo Bethe and Salpeter** (K-shell only)

* Atomic and Molecular Photoabsorption: Absolute Total Cross Sections (2002)

(Academic Press)

** Quantum Mechanics of One and Two-Electron Atoms (1977)

(Plenum), p.305
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HCI

Energy, eV Source
6.71- 9.25 Neo et al., J. Chem. Phys., 85 (1986) 719
9.301-9.336 Table 4.19 p.178 (Berkowitz's book*)
9.581 - 9.634 Table 4.19 p.178 (Berkowitz's book*)
9.649 - 9.671 Table 4.19 p.178 (Berkowitz's book*)
9.918 - 9.999 Table 4.19 p.178 (Berkowitz's book*)

10.021 - 10.925
10.925 - 11.627
11.627 - 12.527

Table 4.19 p.178 (Berkowitz's book*)
Table 4.19 p.178 (Berkowitz's book*)
Table 4.19 p.178 (Berkowitz's book*)

12.527 - 12.7458 (IP) Table 4.19 p.178 (Berkowitz's book*)

IP - 14.415
14.415 - 14.423
14.423 - 16.97
16.97 - 38.0
38.0-915
91.5-198

198 - 208

208 - 232

232 - 2820
2820 - 2855
2855 - 10*
10*- 10°

10° - o

Frohlich and Glass-Maujean, Phys. Rev. A, 42 (1990) 1396
Table 4.19 p.178 (Berkowitz's book*)

Frohlich and Glass-Maujean, Phys. Rev. A, 42 (1990) 1396
Daviel et al., Chem. Phys., 83 (1984) 319

Table 4.19 p.178 (Berkowitz's book*)

Table 4.20 p.179 (Berkowitz's book*)

Hayes and Brown, Phys. Rev. A, 6 (1972) 21

Ninomiya et al., J. Phys. B, 14 (1981) 1777

Table 4.20 p.179 (Berkowitz's book*)

Bodeur et al., Z. Phys. D, 17 (1990) 291

Table 4.20 p.179 (Berkowitz's book*)

Chantler, J. Phys. Chem. Ref. Data, 24 (1995) 71

Bethe and Salpeter** (K-shell only)

* Atomic and Molecular Photoabsorption: Absolute Total Cross Sections (2002)

(Academic Press)

** Quantum Mechanics of One and Two-Electron Atoms (1977)

(Plenum), p.305
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H.0

Energy, eV Source
6.60 - 12.6174 (IP)  Table 5.1 p.185 (Berkowitz's book*)
IP - 20.66 Katayama et al., J. Chem. Phys., 59 (1973) 4309
Fig. 5.3 p.184 (Berkowitz's book™)
20.66 - 124.0 Table 5.3 p.186 (Berkowitz's book*)
124.0 - 533 Table 5.3 p.186 (Berkowitz's book™)
534.0 Table 5.2 p.186 (Berkowitz's book*)
535.9 Table 5.2 p.186 (Berkowitz's book*)
537.0 Table 5.2 p.186 (Berkowitz's book™*)
537.8 Table 5.2 p.186 (Berkowitz's book*)
538.4 Table 5.2 p.186 (Berkowitz's book™)
533 - 566 Ishii et al., J. Chem. Phys., 87 (1987) 4344-4360
566 - 2622.4 Table 5.3 p.186 (Berkowitz's book*)
2622.4 - 10000.0 Table 5.3 p.186 (Berkowitz's book*)
10*-10° Chantler, J. Phys. Chem. Ref. Data, 24 (1995) 71
10° - oo Bethe and Salpeter** (K-shell only)

* Atomic and Molecular Photoabsorption: Absolute Total Cross Sections (2002)
(Academic Press)
** Quantum Mechanics of One and Two-Electron Atoms (1977)
(Plenum), p.305
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Energy, eV Source
7.0-10.33 Chan et al., Chem. Phys., 178 (1993) 401
10.66 -13.7763 (IP) Chan et al., Chem. Phys., 178 (1993) 401
IP-35.93 Chan et al., Chem. Phys., 178 (1993) 401
35.93 - 107.08 Fig. 5.5 p.194 (Berkowitz's book*)
107.08 - 290.0 Table 5.5 p.194 (Berkowitz's book*)
291.0 Table 5.4 p.192 (Berkowitz's book™*)

290 - 341.3 Table 5.4 p.192 (Berkowitz's book*)
341.3-524.9 Table 5.5 p.194 (Berkowitz's book™*)
534.6 Table 5.4 p.192 (Berkowitz's book*)
524.9 -572.8 Table 5.4 p.192 (Berkowitz's book*)
572.8 - 2293.2 Table 5.5 p.194 (Berkowitz's book*)
2293.2 - 10000 Table 5.5 p.194 (Berkowitz's book*)
10* - 10° Chantler, J. Phys. Chem. Ref. Data, 24 (1995) 71
10° - oo Bethe and Salpeter** (K-shell only)

* Atomic and Molecular Photoabsorption: Absolute Total Cross Sections (2002)
(Academic Press)
** Quantum Mechanics of One and Two-Electron Atoms (1977)
(Plenum), p.305
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