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Bibliography of Electron and Photon Cross Sections
with Atoms and Molecules

Published in the 20™ Century

*

—— Ammonia and Phosphine

Makoto Hayashi

(Gaseous Electronics Institute)**

Bibliographies of original and review reports of experiments or theories of electron and
photon cross sections and also electron swarm data are presented for atomic or molecular
species with specified targets. These works covered 17 atoms and 51 molecules. The
present bibliography is only for ammonia (NH3) and phosphine (PH3). About 820 (NHs)
and 190 (PH3) papers were compiled respectively. Comprehensive author indexes for
each molecule are included. The bibliography covers the period 1922 through 2000 for
NH; and 1928 through 2000 for PHs. Finally, author's comments for NH; electron collision
cross sections are given.

‘Keywords : NH; and PH; molecules, collision cross sections, electron, elastic scattering,
rotational, vibrational and electronic excitations, dissociation, ionization, photon,
photoabsorption, photodissociation, photoexcitation, photoionization, electron swarm, drift
velocity, diffusion coefficient, ionization coefficient, excitation and ionization energies,
transition probabilities, lifetimes of excited states

*  This work was carried out under the collaboration research program at National Institute for

Fusion Science
**  460-0008 Sakae-Highhome 503, Sakae 4-15-14 Nakaku, Nagoya, Japan



Intreduction
History

This bibliography is the result of a continuing literature survey which was
begun around 1970 and originally encompassed only eleciron collision cross
section and electron swarm data. The organization responsible for continuing
this survey is Nagoya lostitute of Technology, Nagoya. From 1994, the work
continued to Gascous Electronics Institute, Nagoya. In 1997, the collection
of photon cross section references was begun. The search for references inm
both cases was retrospective and included all papers reporting measurements,
theoretical calculations or reviews and data compilations of such cross
sections and electron swarm data.

Scope

This bibliography contains references to original research papers which
report experimenis or theoretical calculations of cross sections for electron
and photon collisions with ammonla and phosphine molecules NHs and PH3. The
review papers on this subject are also included. Some ammonia and phosphine
molecule cluster papers are included. Some conference reports, coempany or
agency reports and PhD thesis are included. Ammonia and phosphine molecules
ion papers and positron collision papers are not included in principle.

Papers reporting the following data are included.

For electron collision cross section :
1) elastic scattering
2) rotational excitation
3) vibrational excitation
4) electronic excitation
5) dissociation
6) ionization
. 7) attachment
8) grand total scattering (sum of elast:c and inelastic cross sections)
9) electron swarm parameters (drift velocity, diffusion coefficient)
10) excitation and ionization coefficients

For photon collisien c¢ross section
1} photoabsorption
2) photoexcitation and fluorescence
3) photodissociation
4) photoionization



For some related data :-
1} excitation and ionizalion energies
2) transition probabilities
3) lifetimes of excited states
4) others :

The energy range for electron cross section data is usuvally ¢ - 10 keV,
but some higher eleciron energy papers are included. The wavelength range
for photon cross section data is from microwave to X-ray. Mosl papers are
concerned with infrared, visible and uvltraviolet ray region.

The bibliography includes the papers published in the 20th century, from
1961 to 2000. Oldest paper for NHs in this list is given by K B.Wahlin (1922)
Oldest paper for PHs molecules is given by R Robertson (1928). So for this
biblipgraphy. published papers from 1922 to 1999 are conmpiled by alphabetical
order of the first author’s surname of the paper. And the references published
in 2000 and plus some old papers found very recently after compilation are
added as "Addenda of References for NHs and PH:". In total, about 800 for NHs
and 19¢ for PHs papers are compiled in the ammonia and phosphine molecule
bibliography.

Organization

This report consists of four paris : introduction, the bibliography and
its addenda, author index, and some comments on electron collision cross
sections. . .

Bibliography

In this section the complete citation for all references are given. At
first following classifications are shown :

E : Elastic collision ' QT : grand_Total cross section

R : Rotational excitation (sum of elastic and inelastic
V. : Vibrational excitation - glectron cross sections)

EX : electronic_EXcitation 0 came from Querschnitt

D : Dissociation :

I :_fomization

A :_Attachment

ME : MEtastable molecules

S . electron_Swarnm :

0 : Others (photon cross sections and theé others)

All authors’ initials and surname, journal name, volume, inclusive pages and
vear of publication are given as well as the title, and some additional
information in the square bracket [ ]. E and T ip the square bracket mean
experiment and theory. o



Bibliographies for NHs and PHs are divided into two parts :

NH3

Part 1. 1922 - 1999 p. I - 4%

Part 2. Addenda of References publtished in 2000, plus some
old papers p. 50 - 71

PHs ,

Part 1. 1928 - 1999 »p. 1 - 15

Part 2. Addenda of References published in 2000, plus some
old papers p. 16 - 19

Author Index

in this section all authors are listed alphabetically by surmame. After

each author's name is a list of page numbers indicating which references he
or she authored or coauthored.

NHq p. 1 -11
PH4 p. L -5

Each auihor index of ammonia and phosphine molecules follows eéch bibliography.

Some Comments on Electron Collision Cross Sections for NHs
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References for NHs, NDs and
radicals NH, and NH (1900 - 1999)

{Ammonia, Ammonia-Ds)

[Amine]
E : Elastic colflision, R : Rotatioal excitation,
V : Vibrational excitation, EX : Electronic excitation,
D : Dissociation, I : lonization,
A : Attachment, QT : Grand total cross section,
S . Swarm, a : lonization coefficient,
0 : The others, [ ]: Additional informatien,

E : Exp., T : Theory.

The oldest paper in this list is given by H.B.Wahlin (1922).

EX T. Abuain, I.C. Walker and D. F.Dance : J. Chem. Soc.Faraday Trans. I, 80 641-645

{1984)
The lowest triplet state in ammonia and methylamine detected by
electron-impact excitation. [E, NHz, CHzNH-]

Y. Achiba, K. Sato, K. Shobatake and K. Kimura : J.Chem. Phys. 78, 5474-5479 (1983)
A photeelectron spectroscopic study of (3+41) resonant multiphoton
ionization of NO and NHs. (E. hy, NHs NO]

B. Adamczyk : Ann.Univ.Marie Curie-Skiodowska, Sect. AA20, 141- (1969/70)

B. Adamczvk, L. Wojcik. K. Bederski and M. Pleszczynski : Ann. Gniv. Marie Curie-
Sklodowska, Sect. AA30, 369- (1973)

B. Adamczvk, K. Bederski. W Szyszko and L. Wojcik : Folia Soc.Sci. Lubl. 18,
167- {1974)

[E, NHsz: see K. Bederski (1980)]

H Agren, I. Reineck, H. Veenhuizen, R. Maripuu, R. Arneberg and L.Karlsson : Mol.
Phys. 45, 477-492 (1982)
A iheoretical investigation of the U.V.excited 'A; — 2A; photoelectron
spectra of NHs and NDs. [T. hy. NH3, NDs]

V.N. Akimov, A. S. Vinpgradov and A. V. Zhadenov : 0pt. Spectrosc. 65, 210-213
{1988) -
Resonance characteristic properties of the oscillator-strength distribu-
tion in K absorption spectra of N, and NHs molecules. (E. hv, NHs, Nz

- NH3 1 -



[

F.Alberti and A.E. Douvglas : Chem. Phys. 34, 399-402 (1978)
Anomalous populations 'in the A doublets of the ¢TI state of NH.
[E, hy, NH3; NH3 t hy — Ha ¢ NH(CIH)]

N.L. Aleksandrov and A P Napartovich : Phys. Usp. 36. 107-128 (1993)
Phenomena ir gases and plasmas wilh negative ions. '
[review., NHs. No. CO. 02, SFs. N20. CCl4)

D.T.Alle, R.J.Gulley, S. J. Buckman and M. J. Brunger : ). Phys. B25, 15331542

(1992 O
Elastic scattering of low-energy electrons from ammonia.
(E. NHs: DCS, 2 - 30 eV, 10/20 - 120/1257]

M. 1. Al-Joboury and D.¥. Turner : J. Chem. Soc. 4434-4441 (1964)
Molecular photoelectron spectroscopy. Part . A summdry of ionization
potentials. [E, hy, NHz, 0, NO2, CHs, CegHs, C2Hs, etc. 48 compounds]

S.Altshuler : Phys. Rev. 107.114-117 (1957) -
Theory of low-energy electron scattering by polar molecules
[T, NHs, H,0; 0.36 - 1 eV}

R.D. Amos : J.Chem. Soc. Faraday Trans. II 83, 1595-1607 (1987)
Geometrlcs, harmonic frequencies and infrared and Raman intensities: for
H20, NHs, and CHq [T hy, NHs, HQU Cﬂq]

R. Angstl, H. Finsterholzl, H. Frunder,D. It1lig, D. Papousek P. Pracna
K.Narahari Rao, H. W. Schrotter and S.Urban :-].Mol. Spectrosc. 114, 454—472

{1985)
Fourier transforms and CARS spectroscopy of the v, and V3 fundamental

bands of 14NHa [E, hy, NHs]

€. J. Apps, M. J. Bramwell, J. L. Cuoper J.C.Whitehead and F. Wlnterbottom : Mol.
Phys. 83, 1265-1271 (1994)
The fluorescence excitation spectrum of deuterated ammonia in the region
105 - 200 nm : the E, F and G states of NDs. [E, hv, NDs]

M.B.Arfa — M. Ben Arfa

M.N.R.Ashfold.M.T.Macpherson and-J. P. Simons : Top. Curr. Chem. 86, 1-90 (1979)
Photochemistry and spectroscopy of simple polyatomic molecules in the
vacuum ultraviolet. [review, NHs, etc., 371 references]

M.N.R. Ashfold R.N.Dixon and R.J. Strickland : Chem.Phys.88,463-478 {1984) -

Molecular predissociation dynamics revealed through -multiphoton ionisation
spectroscopy. 0. The C' 'Ay’ state of NHa and NDs. [E, hv, NHs, NDs]

- NH3 2 -



(]

M.N.R. Ashfold, C. L. Bennett and R.N.Dixon : Chem. Phys. 93, 293-306 (1985)
Predissociation dynamics of A-state ammonia probed by two-photon
excitation spectroscopy. (E. hv, NHs]

M.N.R. Ashfoid, C. L. Bennett, R.N. Dixon, P. Fielden, H R1e|ey and R. ). Strickland :
J.Mol. Spectrosc. 117, 216-227 (1986a)
Fluorescence excitation and emission spectroscopy of the C' 'A;" Rydberg
state of ammonia : Assignment of the "Schuster bands of ammonia”.
[E. hy, Nﬂg. ND3]

M.N.R. Ashfold, C. L. Bennett and R.N.Dixon : Faraday Discuss. Chem. Soc. 82,
163-175 (1986b)
Dissociation dynamics of NH3(A'A2"). [E, hv, NHsl]

M.N.R. Ashfold. C. L. Bennett and R F.Strickland : Comments At.Mol. Phys. 19,
181-203 (1987) -
Rydberg states of ammonia. [review, hv. NHs, NDsl

0.Ashihara : ISAS Report No.530, I-18 (1975)
The electron energy loss rales by polar molecules. (T, NHs, ]

P. Avouris, A. R. Rossi and A. C. Albrecht : J. Chem. Phys. 74, 5516-5520 (1981)
Electronic band-shape calculations in ammonia. (T, NHs]

J. 0. Bahr, A. J. Blake, J. 0. Carver, J. L. Gardner and VY. Kumar : J.Quanti.3Specirosc.
Radiat. Transf. 12, 59-73 (1972)

Photoelectron spectra and partial photoionization cross sections for

NO, N,0, CO, €02 and NHj. [E, hv, NHsz, NO, N0, €0, COz; 584 - 890 A}

V. A Bailey and W.E.Duncanson : Phil.Mag. 10, 145-160 (1930)
On the behaviour of electrons amongst the molecules NHs3. Hp0 and HCL.
[E, NHs, H20, HCI]

M.S. Banna and D. A Shirley : J.Chem Phys. 63, 4759-4766 (1975)
Molecular photoelectron spectroscopy at 132.3 eV. The second-row
hydrides. [E. hv, NH3, CHs, Ho0, HF, Nej

M. S. Banna, H. Kossmann and V. Schmidt : Chem. Phys. 114, 157-163 (1987)
A study of valence jonization of ammonia thh synchrotron radiation.
[E ‘h Vv, NH3]

H. Baumgartel, H. W. Jochims, E. Ruh!, H. Bock. R. Dammel, J. Minkwitz and R Nass :
Inorg. Chem. 28, 943-949 (1989)
Photoelectron and photoionization mass spectra of the fluoramines
NH3-nFs. (E, hv, NHs, NF3, NHF,, NH-F]

A. 0. Bawagan and C.E. Brion : Chem. Phys. Lett. 137, 573-577 (1987)

Orbital imaging of the "line pair” electrons in N(CH3) 3. NHsz and NFj
by electron mementum spectroscopy. (E. NHa, NF3, N{CHs) s]

- NH3 3 -



0 A 0.Bawagan, R.Mutler-Fiedler,C. E.Brion, E. R. Davidson and C. Boyle : Chem.
Phys. 120. 335-357 (1938a)
The valence orbitals of NHs by electron momentum spectroscopy :
Quantitative comparisons using Hartree-Fock limit and correlated
wavefunciions. [E, NHs]

0 A 0. Bawagan and C.E. Brien : Chem. Phys. 123,51-63 (1988b)
Studies of the electron density in the outermost orbitals of NH2CHs,
NH{CH3) 2, N(CHs3)s and NFs by eleciron momentum spectroscopy :@ evidence
for charge delocalization. [E. NHa, -NFs, NHoCHs, etc.]

0 M. G.Bawendi, B. D. Rehfuss, B. M. Binelli, M. Okumura and T.0ka : J.Chem Phys. 90
5910-5917 (1989)
Observation and analysis of the v s band of NHs™t. [E, kv, NHsl

E K.D.Bayes,D.Kivelson and S.C.Wong : I. Chem Phys. 37, 1217-1225 (1962)
Measurement by cyclotron resonance of molecular cross sections for
elastic collisions with 295 "K electrons.

{E, NHs, N2, (0, N30, S0z, H20. HCN, etc.]

I K.PBederski, L. Wojcik and B. Adamczyk : Int.J. Mass Spectrom lon Phys. 35,
171-178 (1980) -K
Tonization of ammonia by electron impact at 25 - 1000 eV,
fE, NHs; partial, NHs*, NH.*, NH*, Ho*, H*, Nt, NHs2%]

0 S.P.Belov, L.I.Gershstein, A.F. Krupnov, A. V. Masltovskij, S.Urban, V. Spirke and -
D. Papousek : J. Mol.Spectrosc. 84, 288-304 {1980)
Inversion and inversion-rotation spectrum of '4NHs in the v exc:ted
state. {E, hv. NHs)]

0 5. P Belov, V P. Kazakov, A. F. Kranov V.N. Markov, A. A, Mel' nikov, V. A Skvortsov
and M. Tu. Tret vakov : J.Mol.Spectrosc. 94, 264-282 (1982)
The study of microwave pressure lineshifts,
(E, hv, NHs, PHs, H,0, CHsCl. etc.]

0 S.P.Belov, A.F. Krupnov, V. N. Markov, A. A. Mel' nikov. V. A. Skvortsov and
M. Tu. Tret’ vakov : J. Mol.Spectrosc. 101, 258-270 (1983)
The study of micrewave pressure lineshifis : Dynamic and isotfopic
dependences. [E, hwv, NHs, Ho0, N20, PHs, OCS, etc.]

Y M. Ben Arfa and M. Tronc : J.Phys. B18, L629-L632 (1985) -X
Resonant vibrational excitation of NHs by low-energy electron impact.
[E, NHa:; 5 - 10 eV]

V M. Ben Arfa-et M. Tronc : J.Chim. Phys. 85, 889-897 {1987) -X
Excitation vibrationnelle de NHs par impact d'electrons : 3 - 10 eV.
[E, NHs; DCS]

V M. Ben Arfa, F. Edard and M. Tronc : Chem Phys.Lett. 167, 602-606 (1990) OK

Isotope effect in resonant vibrational excitation of Ho0(D20},
NH3(ND3). CH4 (CDa) [E, NHg ND3, H20. DQO. Cﬂq, CD4]

- NH3 4 -



M. Ben Arfa and M. Tronc : Chem Phys. 155, 143-148 -(1991) -
Lowest energy triplet states of group Vb hydrides : NH3 (ND3) and PHs.
(E, NHs, NDs, PHs]

W.S. Benedict : Phys. Rev. 47, 641-641 (1935)
Ultraviolet absorption spectra of the deutero-ammonia.
[E, hy, NH3, NH.D, NHD;, NDs]

W.S.Benedict and E.K.Plyler : Can.J.Phys. 35, 1235-1241 (1957a) -
Vibration-rotation bands of ammonia. II. The molecular dimentions and
harmonic frequencies of ammonia and deuterated ammonia.

{E, compilation, hv, NHs, NDs}-

W.S.Benedict, E. K. Plyler and E.D. Tidwell : J. Chem Phys. 29, 829-845 (1957))
Vibration-rotation bands of ammonia. II. The region 3.2 - 4.3 microns.
[B. hy, NH3] ) .

W.S.Benedict, E. K. Plyler and E.D Tidwell : }. Res.Natl.Bur.Stand. 61, 123-147

(1958) :
Vibration-rotation bands of ammonia. I. The combination bands v, +
(V'], V3). [E, hy, NH3] o '

W.S.Benedict, E. K. Plyler and E.D. Tidwell : J. Chem. Phys. 32, 32-44 (1960)
Vibration-rotation bands of ammonia. IV. The streching fundamentals and
associated bands near Ju. {E, hv, NHsz; 3060 - 3580 cm™ 1]

S.W.Bennett, J.B. Tellinghuisen and L. F. Phillips : J.Phys. Chem. 75, 719-721
(1971) ‘ : : '
Absorpiion coefficients and ionization yvields of some small molecules at
58.4 nn. [E, hy, NH3. Ar., CD, NO, C02, C2H5. CHsOH. CszUH. etc.}

}.Berkowitz : Photoabsorption, Photoionisation and Photoelectron Specrto-
scopy, Academic (1979)

K.D.Beyer und K. H Welge : Z.Naturforsch. 19a, 19-28 (1964)
Photodissoziationen von Ho, N, 0z, NO, C0, H0, CO> und NHz im extremen
Vakuum-YV. [E. hv. NH3 etc.] ’

K.D.Beyer und K. H. Welge : Z. Naturforsch. 22a. 1161-1170 (1967)
Photodissoziation zu elektronisch angeregten Bruchstucken von Ha, Hs20
und NH; im extremen Vakuum-UV. T.. ([E, .hv. NHs, Hz, Ha0}

G.Bieri, L. Asbrink and ¥.von Niessen : J.Elect. Spectrosc. Reiat. Phenon. 27,
129-178 (1982)
30. 4-pm He () photoelectron spectra of organic molecules. Part VI.
Miscellaneous compounds. (E. hv., NH3, HoS, SFs, SiFq, I2, etc.].

D.M. Bishop, J.R. Hoyland and R G. Parr : Mol.Phys. 6, 467-476 (1963)

Simple one-center calculation of breathing force constants and equilibrium
internuclear distance for NH3, "Hz0 and HF. [T, NHa, H20, HF]

- NH3 5 -



EX

D.M.Bishop, §. -C. Leclerc and Y. Takahata : J.Mol.Specirosc. 39, 79-89 (1971)
An investigation of the lower lylng excited states of ammonia.

[T, NHs; MC SC method]

D.M. Bishop and L. M. Cheung : J.Phys.Chen. Ref.Data 11,119-133 (1982) -
Vibrational coniributions to molecular dipole polarizabilities.
[compilation. NHs, HF - HI, DC1, CO, NO, H.0, CO2, CS,, N20, 03, 0OCS,
SUQ, BCI3 BF3, HECO, NF3, PF3. PH3. CC14, CFq, CH4. CHFg. SiH4 GEH4,
SFs. CgHg. CgFe. ete. ] .

M. Bobeldijk, W. J. van der Zanda and P. G. Kistemaker : Chem.Ph}s.l79,125—l3U
(1994 -
Simple models for the calculation of photoionization and electron impact
ionization cross sections of polyatomic molecules.
(T. e and hy, NHs. H20. C3He, CeHe; two semi-empirical models].

R.G. Body, D.S. McClure and E.Clementi : J.Chem. Phys. 49, 4916-4924 (1968)
SCF wavefunctions for the NHs molecule. Potential-energy surface
and vibrational force constamts. [T. NHs]

H.M.Boechat Roberty and G. G. B. de Souza : J. Phys. B25, 4641-4647 (1992) -

Experimental observation of a minimum in the generalized oscillator
strength for the A('A2") <« X{'A;) transition of ammonia.
[E. NHs; 1 keV] :

J. Bonamy and D. Robert : J. Quant. Spectrosc.Radiat. Transf. 15,855-862 (1975) -
Pressure broadening mechanisms of the ammonia lines : Rotation,
inversion and rotatiom—inversion spectra of NHs perturbed by monoatomic
gases. [E, hv, NHs + (He. Ar, Xe, Ho, 02)]

M.C.Borde, A. Henry et M.L.Henry : Compt. Rend. Acad. Sci. B262, 1389-1390 (1966)
Emission du gaz ammoniac excite par le rayonnement d' un laser-a gaz
carbonique. {E, hv, NHsl :

N.Bose and W.Sroka : I.Naturforsch. 26a. 1491-1495 (1971)
UVU radiation by dissociative excitation of NHs.
[E, NHs; th.- 480 eV. 906 - 1216 Al

L. Bouby and H. Abgrall : 5th ICPEAC. Leningrad 584-585 (1967) -
Attachment of thermal electrons to oxvger in the presence of various

compounds as a third body.
[E, 0o + (NH3, Ho0, CoHa, CO2, H2S. CHsOH, ete. )]

N.E.Bradbury : J. Chem Phys. 2, 827-834 (1934)

Formation of negative ions in gases by electron attachment. Part L.
NHa, 'C0. NO. HC! and Clo. [E, NHs;, €O, NO, HCI1, Cl3]

- NH3 6 -



L=

G. R. Branton, D. C. Frost, F. C. Herring, C. A. McDowell and I. A Stenhouse : Chem.
Phys. Lett. 3, 581-584 ({969}
The ionization potentials of ammonia and ammonia-ds, measured by
photoeleciron spectrescopy and INDO calculation of these values.
[E and T, hy, NHs, NDs]

G.R. Branton, D. C. Frost, T. Makita, C. A. McDowell and 1.A. Stenhouse : Phil. Trans.
Roy. Soc. London A268, 77-85 (1970)

Photoelectron spectra of some polvatomic molecules.

[E. hv, NH3. NDg, C2H4, C2D4. 02]

M. Breitenstein, . Mever and A Schweig : Chem. Phys. 112, 199-203 (1987}
Cl calculation of electron and X-ray scaltering cross sections of
non-linear molecules : Ho0 and NHs.

[T, NH3, H20; configuration interaction]

N.J.Bridge and A.D. Buckingham : Proc. Roy. Soc. London A295, 334-349 (1966}
The polarization of laser light scattered hy gases. -
[T and E, NH3, Hz. Dz, Nz. CU. NO, 02. HCI, Clz. {:02, NQU. 502. etc.]

C.E.Brion : Radiat.Res. 64, 37-52 (1975)
"Photoelectron” spectroscopy by electron impact. Coincidence studies of
scattered and ejected electrons. [E, e and hv, NHs, Ne - Kr, H»0]

€. E.Brion, H Hamnett, G. R. Wight and M. J. van der Wiel : J.Elect. Spectrosc.
Relat. Phenom. 12, 323-334 (1977) - :
Branching ratios and partial oscillator strengths for the photoionizalion
of NHs in the 15 - 50 eV region. [E, hv, NHs]

C.E.Brion and A.Hamnett : in Advances in Chemical Physics, Vol. 45, John
Wiley & Sons 1-80 (1981)
Continuum optical oscillater-strength measurements by electron spectro-
scapy in the gas phase.
{review, E and T, NHa, Ne - Xe, Hz, Np, (O, CHs. etc.]

C.E.Brion and I.P.Thomson : J.Elect.Spectrosc. Relat. Phenom. 33, 287-300
{1984a)
Compilation of valence shell molecular photoelectron branching raiios as
a function of emergy. [compilation, hy, NH3, Hz0, HF, HCI, HBr, 0,
NO, €0, N2, CHs, CO2, CO0S, €52, N20]

C.E.Brion and J.P. Thomson : J.Elect. Spectrosc. Relat. Phenom. 33, 301-331
{1984b)
Compilation of dipole oscillator strengths (cross sections) for the
photoabsorption, photoionization and ionic fragmentation of molecules.
[compilation, hy. NHs, Hz. CO, Nz, 02, KO, HF, HCl, HBr, H,0. CHs4, N0,
C0z, 05, CS5,, SFsl

1.P. Bromberg : 9th ICPEAC, Seattle 98-111 (1975)OK

Measurement of absolute collision cross sections of electrons elastically
scattered by gases. [E, NH3, He, Ne, Kr. Hg. No. CO, H;0. CH»F:]

- NH3 7 -



0 L

R.Brown and R. A Toth : J.Opt. Soc. Am. B2, 842-8556 (1985)
Comparison of the frequencies of NHs, C02, H20, N20, C0, and CHq as
infrared calibration standards. [E, NHs, (0, Hz0, etc.]

0 L.R Brown and D.B. Peterson : J. Mol Spectrosc. 168, 593-606 (1994)
An empiricai expression for linmewidths of ammonia from far-infrared
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References for PHs and
radicals PH,, PH - (1900 - 1999}
{Phosphine)

[Tetratomic hvdride]

E : Elastic collision, R : Rotatical excitation.

Y : Vibrational excitation, EX : Electronic excitation,

D : Dissociation, I : lonization,

A : Attachment, QT : Grand total cross section,
S Swarnm, ©: lonization coefficient,

0 : The others, [ ]: Additienal information,

E : Exp., T : Theory.

The oldest papers im this list are given by R Robertson (1928a-d).

R Ahlrichs, F.Keil H Lischka, W. Kutzelnigg and V. Staemmler : J. Chen. Phys. 63,
455-463 (1975)
PNO-CI (pair natural-orbital configuration interaction) and CEPA-PNO
(coupled electron pair approximation with pair neutral orbitals)
calculations of molecular systems. I. The molecules MgHz, Alls, SiHa,
PHs {planar and pyramidal}, H.S§, HC!, and the Ar atom
(1. PHs, SiHs, H2S, HCI, etc.]

A Ainetschian, U Haring, 6. Spiegl and W. A. Kreiner : J. Mol. Spectrosc. 181,
99-107 (1996)
The v /v, diad of PHs. [E. hv., PHs)

B. A. Andreev, A. V. Belov. A. V. Burenin, L. I. Gershtein, A. F. Krupnov, A. V. Maslorskii
and S.M. Shchapin : Opt. Spectrosc. 44, 363-364 (1973)
Millimeter spectrum of the phosphine molecule in the excited vibrational
states vp = | and vq = 1. (E, hy, PHs] ‘

S.K. Atreya, M. H Wong. T. C. Owen, P. R. Mahaffy, H B. Niemann, I. de Pater, P. Drossart
and Th. Encrenaz : Planet. Space Sci.d47, 1243-1262 (1999):
A comparison of the atmospheres of Jupiter and Saturn : deep atmospheric
composition, cloud structure, vertical mixing, and origimn.
[compilation, PHs, NHs, H20, CHy, etc.]

A. Baldacci.V.Malathy Devi, K. Narahari Rao and G. Tarrago : J.Mol. Specirosc.
81, 179-206 (1980

Spectrum of phosphine at 4 to 5 pm : Analysis of v 1 and v 3 bands.

(E, hy, PH3: v ;=2321.1314, v 3=2326.8766 cm !, see G.Tarrago (1981)]
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K. E. Banyard and R. B. Hake : J.Chem Phys. 43, 2684-2689 (1965)
United-atom approximation applied to argonlike molecules. 1. PH2".
PHs, and PH.*. [T, PHs, etc:]

K. H. Becker und K. H Welge : Z.Naturforsch.19a, 1006-1015 (1964)
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ammonia, phesphine and arsine. [E. hy. PHs, NHs. AsHs]
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Studies in the infra-red region of the spectrum. Part . — Infrared
absorption spectra of ammonia,. phosphine and arsine.
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Studies in the infra-red region of the spectrum. Part IV, — Discussion
of absorpiion bands of ammonia, phosphine and arsine. ‘
[analysis, hv, PH3, NH3, AsHs]
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(1975a) o . . :
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Rydberg excitations in X-ray absorption spectra. - "
[E. hv. PH3, CHs, BoHs  BFs. No. HCL, H»S, SiH4, SiFsl
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[E, PHs, PoH;. SiH4, SizHe. SiPHs]
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[E. hv., PHsl
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on molecules including the elements sodium through chlorine.
[T, PHs, HCl1, H,S, 0CS. SO02, PF3, SFs etc.]
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Effective rotational Hamiltonian for PHs. [T, hv. PHj]
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Electric dipole moment of PHs in the w4 = 1 state. [E, hy, PHa)
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{1966)
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G.Strey : J. Mol Spectrosc. 24, 87-99 (1967)
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Infrared-infrared double resonance signals of PDs observed by €0 laser
Stark spectroscopy : New electric field standards in CO laser Stark
spectroscopy. [E. hy. PDs]

S.Tanimura and X. Takagi : J.Mol. Spectrosc. 104, 414-416 (1984)
Observation of infrared radiofregquency two-photon transitions of
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resolution line-by-line simuiation of the v 2 and v 4 bands.

[E, hv, PHs; 818 - 1340 cn™t, v = 992.1301, v4 = 1118.3131 cn™'}
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" G.Tarrage and M. Dang-Nhu : J.Mol. Spectrosc. 111, 425-439 (1985)
Ground state rotational energies of (s, quasi-spherical top molecules :
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The pentad 2v o, va2+ va, 2vVa4, Vv, and vs of PHs at 4 - 5 pum :
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Mass spectrometric study of phosphine and diphosphine. {E, PH3, P,H4]
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Part IV. Tetratomic hydride molecules, AHs. - [compilation, PHs, NHs, etc.]

C.Winstead, Q. Sun, V. McKoy, J. L. da Silva Lino and M. A.P. Lima : I.Phys. D24,
141-147 (1992) O '

Low-energy electron scattering by methane, arsine anhd phosphine.

[T, PHa., AsHs, CH4]
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Wiley & Sons 103-190 (1996) - :
Electron scattering by small molecules.
freview., PHs;., NHs, H-0, CHs, SiHa, GeHa, AsHs, "HeS. Co2H4, CsHs, CoHs,
SiqHe, CFg4l
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The far infrared absorption spectra of ammonia and phosphine gases under
high resolving power. (E, hv, PHs, NHs, H-0]

T.1.Xia, T.5. Chien, C. Y.R. Wu and D. L. Judge : I.Quant.Spectrosc, Radiat. Transf.
45, 77-91 (19%1) -
Photoabsorption and photoionization cross sections of NHs, PHs, HoS, Cola,
and CoHs in the VUV region. ’
(E., hv. PH3, NHs, HoS5. CzHz, C2H4; th. - 1060 Al
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105, 7033-7037 (1983)
Nature of the frontier orbitals in phosphine, trimethylphosphin, and
trifluorophesphine. [T, PH3. P(CHs)s, PF3; SCM-Xa -DV]

P.K.L.Yin and K. Narahari Rag : J.Mol.Spectrosc.51,199-207 (1974}
v o and v 4 fundamentals of phosphine occurring at § - 12 gm
[E, hy. PHs]

E.B. Zarate. G. Coopler and C.E.Brion : Chem. Phys. 148, 277-288 (1990a) -
Absolute osciltator strengths for the photoabsorption, photoionization
and ionic photofragmentation of phosphine. 1. The valence shell.

{E, hv, PHz; 5 - 130 eV]

E.B. Zarate, G. Cooper and C. E.Brion : Chem. Phys. 148, 289-297 (1990b) -
Absolute oscillator strengths for the photoabsorption, photoionization
and ionic photofragmentation of phosphine. H. The P 2p and 2s inner
shells. [E. hy, PHs; 120 - 220 eV]
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Addenda of References for PHs

(published in 2000, plus some old papers)
2000 (2 pages)

QT W.M. Arivasinghe, T.Wijerathna and D. Powers : Phys. Rev. A68, 032708/1-5 (2003) -
Total electron scattering cross sections of PHs and SiHs molecules in
the energy range 90 - 3500 eV.

. {E, PHs, SiHs: first Qr measurement for PHj3)

0 L.R.Brown, R.L Sams, I.Kleiner, C.Cottaz and L. Sagui : J. Mol. Spectrosc. 215,
178-203 (2002)
Line intensities of the phosphine dyad at lD L m.
[E. hv., PH3; 830 - 1310 cn !}

0 L.Fusina and G.Di Lonardo : J.Mol.Struct.517-518. 67-78 (2000)
The v, and v 4 bending fundamentals of phosphine (PHs).
[E, hv, PH3; 750 - 1400 cm™!]

0 M Ishida, M. Ehara and H.Nakatsuji : J.Chem Phys. 116, 1934~1943 (2002)
Outer— and inner-valence ionization spectra of NHs, PHs, and AsHs :
symmetry-adapted cluster configuration interaction general R study.
[T PHs, NHs, ASH;—}]

0 A.Jurgensen and R.G. Cavell : Chem Phys. 273, 77-89 (2001)
Central atom ls photoabsorption spectra of nitrogen and phosphorus
AX3 (A =N P and X = F, H) meiecules.
[E and T, hv, PHs, PFs, NHs, NF3]

E G.P.Karwasz, R. 5. Brusa and A Zecca : Livista Nouvo Cimento 24, No.1, 1-118
v {2001)

EX One century of experiments on electron—-atom and molecule scattering :

I A critical review of integral cross-sections. 0. — Polyatomic

A molecules. [compilation, PHs, NHs, H20, ete.}

0 I.Kleiner,G Tarrage, C. Cottaz, L. Sagui, L. R. Brown, R. L. Poynter, H. M. Pickett,
P.Chen, J. C. Pearson, R. L. Sams, G. A. Blake, 5.Matsuura, V. Nemtchinov, P. Varanasi,.
L. Fusina and G. Di Lonardo : J.Quant. Spectrosc. Radiat. Transf. 82, 293-312
(2003)
NHs and PHs line parameters : the 2000 HITRAN update and new results.
[compilation, hv, PHz NHs)

0 L.S.Rothman, A. Barbe, D. C. Benner, L. R. Brown, C. Camy-Peyret, M. R. Carleef,
K. Chance, et al.: J.Quant. Spectrosc. Radiat.Transf. 82 5-44 (2003)
The HITRAN molecular spectroscopic database : edition of 2000 including
updates throwgh 2001. {compilation, hy, PHs, NHs, Hz0, C0, 03, etc.]
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.N.Ulenikov, E. §. Bekhtereva. G. A. Gnopenko, E. A. Sinitsin, H. Burger and
.Jerzembeck : J.Mol. Spectrosc. 208, 236-248 (2001)
Isotopic effects in XHs{C3v) molecules : the lowest vibrational bhands of
PH.D reinvestigated. [T. PH3. PH.D]

]

=

.N.Ulenikov, 0. L. Petrunina, E. 5. Bekhtereva, E. A. Sinitsin, H. Burger and

W. Jerzembeck : J.Mol.Spectrosc. 215, 85-92 (2002a)

High-resolution infrared study of PHD2, : the P-H stretching bands v,
and 2v 4. [E, hv, PHDg:; v, = 2324.005, 2v 1 = 4563.634 co™ ']

.N.Ulenikov, E. §. Bekhtereva, V..A. Kozinskaia, J. -J. Theng, 5. -G. He: S. -M. Hu,
.-S.7hu, C. Leroy and L. Pluchart : J.Mol. Spectrosc. 215, 295-308 (2002b)
On the study of resonance interaclion and splittings in the PHs molecutle :
Vi1, Va3 Vot vs and Zvg bands. [E, hv. PHj]

oo

0.N.Ulenikov, E. 5. Bekhtereva, G. A. Onopenko and E. A. Sinitsin :. J. Mol.
Spectirosc. 216, 252-258 (2002¢)
On the determination of the equilibrium structure of the PHs molecule.
[T, PH3; rc = 1. 41678 A, ac = 93.6° ]

M.T.do N. VYarella, M. H. F. Bettega, A. P. P. Natalense, L. G. Ferreira and M.A P.Lima :

Braz. J. Phys. 31, 21-29 (2001)
Application of the Schwinger multichannel method with pseudo- polenllals
to electron scattering from polyatomic molecules. II. Rotational excita-
tion cross sections. - [T, PHs, NH3, CH, SiHs GeHs, etc.] :

Addenda (1900 - 1999)

L. ¥. Aarons, M. F. Guest, M. B. Hall and I.A. Hillier : J.Chem. Soc. Faraday Trans.
M69, 643-647 (1973)
Theoretical study of the geemetry of PHs, PFs and their ground ignic
states. (T, PHs, PFs: SCFMO wavefunctions]

C.A.Burrus, A. Jache and W.Gordy : Phys. Rev. 95, 706-708 (1954)
One-to-two millimeter wave spectroscopy. V. PHs and PDs.
[E. hV. PH3, PD3]

G.Buffa and 0. Tarrini : J. Mol.Spectrosc. 101, 271-277 (1983)
Comparison of pressure shift impact calculations with experimental
results. {T, hv. PHs, NHs, etc.: see S.P.Belov (1982)]

5. Hashinami, H. Mito, F Matsushima and K. Takagi : J.Mol. Spectrosc. 132, 1-12
(1988)

Laser Stark spectroscopy with a wide Stark tuning range.

(E, hv, PHs; 2v2 - vz, 2v2 bands]
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R.J.Kshirsager. K. Singh, R. D' Cunha. V. A. Job, D. Papousek, J. F. Dgilvie and

L. Fusina : J. Mol.Spectrosc. 149, 152-159 (1991)
Intensities of lines in the bands v and Va4 and the transxtlon dlpole
moments of PHs. [E, hy, PHs]

R.J. Xshirsager and V. A Job : J.Mol.Spectrosc. 161, 170-185 (1993}
Yibration-rotation bands of phosphine- d1 : Analysis of the v a, and
v 2 bands.- [E hv. PH2D]

S.Kukolich, L. Schaum and A. Murray : J. Mol.Spectrosc. 94, 393-398 (1982)
Measurements of rotational transitions and hyperfine structure in PHpD.
[E, hy, PHD] -

D. Papousek, H. Birk, U. Magg and H. Jones : J.Mol. Spectrosc. 135, 105-118 (1989}
Diode laser spectroscopy of the A - Az splittings in the v, = 1
and v4 = 1 vibrational states of PHs. - [E. hv, PHsl

M. Pariseau, E.Wu and J.Overend : J. Chem. Phys. 39, 217-223 (1963)
Adaptation of the Urey-Bradley force field to NHs, PHs, SbhHs. and AsHs.
[T, PH:, NHa, etc.]

}.D. Petke and J. W Whitten : !. Chem. Phys. 59, 4855-4866 (1973)
Comparatlve SCF and CI studies of NHs and PHg [T PH5;., NHal

M.H. Sirvetz and R E Westun Ir.:.J.Chem. Phys. 21 898-902 (1953)
The structure of phosphine. [E, hv, PHzD. PHD-]

F.W.Tavlor and S.B. Calcutt : J.Quant.Spectrosc. Radiat.Transf.32.463—477
(1984) -
Near-infrared spectroscopy of the atmosphere of Jup;ter
[review, E. hv, PHs, NHs, CHsl :

M.Tronc and F. Edard : 16th ICPEAC. New York 334- '(IQSN
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Quick Addenda of References for PHs

2000

QT C.Szmytkowski.L.Klosowski,A_Domaracka,M.Piolruwicz and E.Ptasinska-Denga :.

0

0

J.Phys. B37, 1833-1840 (2004)
Scattering of electrons from hvdride molecules : PHa.
[E, PHs, SiH,, HsS, HCI; 0.5 - 370 eV for PHs]

Addenda (1901 - 1999)

A.P.Hitchcock and D.C.Mancini : J.Elect. Spectrosc. Relat. Phenom. 67, 1-132
(1994) ‘ :
Bibliography and database of imner shell excitation spectra of gas phase
atoms and molecules.
{compilation, E and T, PHs. NH3, CHs4, CF4, BFs3 etc.]

I.F.Liu, J.N.Cutler, G. M. Bancroft, K. H. Tan, R. G. Cavell and J.S.Tse : Chem. Phys.
Lett. 172, 421-429 (1990)
High resolution gas phase photoabsorption spectra and multiple-scattering
Ya study of PXs (X = H, CHs, CFs) compounds at the PL,.3 edge.
[E and T, hy, PHs, PCHs, PCFs]

S.A‘Pope.I.H.Hilliér.M.F.Guesi and J.Kendric : Chem. Phys. Lett. 95, 247-249 .
{1983) . , N
The structure and stabifity of the dications, XHa2* (X = N, 0, P, 5).
[T, PHs, NHs, H-20, H->S, BIC.]‘ ‘

K. Ramaswamy and R. Balasubramanian : J. Mol.Struct. (Theochem) 7, 89-97 (1982)
Electrooptical parameters and polar tensors of some XYs tvpe molecules.
[T. PHs, NHs, NFs3, PFs]

W.H.E.Schwarz : Chem.Phys. 9, 157-164 (1975a) -
Continuous change from valence to Rydberg type states. An example of XUV
spectroscapy. [E, hv, PHs, HCI H2S, SiHa

W.H.E.Schwarz : Chem. Phys. 11, 217-228 (1975b)
Interpretation of the core electron excitation specira of hydride
molecules and the.properties of hydride radicals. : :
[discussion, PHs, NHs, HCl, H20, HpS, CHs, SiHg4l
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Some Comments on Electron Collision Cross Sections for NHs

We have determined the electron cellision cross section set for NHj
(Havashi (1990))., assuming that all NH; molecules are in the ground state.
This assumption is not true, so we do not like our cross section set for NHj
We cannot deiermine the exact values of cress section set for molecules.

The reason is very simplte. NHs molecules are always mixture of NHs(r) and
NH5 (v) initially at given experimental conditions.- And cross section sets for
NH; (r} and NHs (v} are different.’

Experimental and theoretical studies on electron collision cross sections
of NHs are summarized as follows

On the study of electron scattering cross sections for NHs

grand toial cross section, experiment
E. Bruche 1928
E. Bruche 1929
0. Sueoka B 19870 1 - 400 eV
Cz. Szmytkowski B 19890 1 - 250 eV
A lecca P 19920 75 - 4000 eV
G. Garcia B 19960 300 - 5000 eV, 3 %
H.Nishimura 1997
A. Zecca B 2000 comment
G.P.Karwasz 2001 compilation
grand total cross section, theory
A Jain B 1988 10 - 3000 ey
N.H March 11994
K.N. Joshipura B 1996a 50 -
G. Garcia 1997 500 - 5000 eV
Y. Jiang 1997 30 - 10600 ey
Y. Lino 1997 10 - 1000 ey



elastic, experiment

. D. Bayes C 1962
.L. Pack P 1962 0.001 - 0.1 eV
.Tice C 1967
.P. Bromberg 1975
.G.Christophorou D 198} :
.Trajmar 1983 compilation
.Csanak 1984 review
.¥. Shyn 1989 DCS, 8.5 and 15 eV
.Furlan C 1990 DCS(rei.). 12, 25, 50 eV
.T.Alle B 19920 DCS, 2 - 30 eV
. J. Buckman 1994
. . Buckman 1997
.P.Karwasz 2001 compilation
elastic, theory

.Altshuler P 1957 0,36 -1 ev
.Shimizu 1963 < 1 eV
CE.Mittleman P 1965

Szabo C 1974
.1.Fabrikant B 1977
.Jain 1983 0.01 - 10 eV
.S.Sharma B 1983 ' :

A Gianturco 1986
.P.Pritchard P 1989 DCS, 2.5 - 20 eV
A Gianturco 1991 ' '

.N. Rescigno P 1992a DCS, 1 - 20 eV

Yuan P 1992 0.5 - 20 eV
.Winstead 1996 review
.M. S. Ribeiro 1999 DCS, 5 - 100 eV
.M. 5 Ribeiro 2001



rotational excitation,

gxperiment-

no data

fheory

rotational excitation,
K. Takayanagi 1970
Y. Itikawa C1971a
Y. Itikawa 19711
M.T.do N.Varella € 1999
M.T.do N.Varella 2001

vibrational excitation,

7.5 - 30 ey

experiment

M. Ben Arfa - 1985
M. Ben Arfa 1987
S.Cvejanovic [987h
M. Bea Arfa 1990
M. Furlan C 1990
M. -J.Hubin~Franskin 1990
R.J.Gulley B 19920
G. P. Karwasz 2001

vibrational excitation,

2 - 0.5 eV

" DCS (rel.), 25,

DCS, 12 - 50 eV

50 eV

DCS, 5 - 15 eV .

compilation

theory

to theoretical value
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electronic excitation

gxperiment

.M. Skerbele
.L. Lassettre
.Clampitt

.¥. McGowan

.N. Compton

.R Harshbarger
. Bose

.R. Harshbarger
.R.Harshbarger
.F. Rendina

.J. Kieffer

.¥. Rablais

.D. Morgan

. R. Mohlman

. Fukui

.E. Johson

.M. Kishko
.Tsurubuchi
.¥Wight
.Mohlmann
.Mohlmaon
.van Sprang
.Carnahan

. Tasic -

. P. Bogdanova

. Kouchi
.Abuain

. Kurawaki

. Furlan

. Roy

.Fujita
.Jovanovic-Kurepa
.Jovanovic-Kurepa
.Sato

. Furlan
.J.Hubin-Franskin
.Muller
.P.Hitchcock
Muller

.M. Boechat Roberty
.Muller
.Cvejanovic
.P.Karwasz
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1970
1971
1971
1971
1971
1972
1973
1974
1976
1977
1977
1977

1977

19717
1978
1979

1979

1981
1981
1982
1982
1984
1984
19835
1985
1986
1986
1986
1386
1987
1987
1987
1990
1990
1992
1992
1992
2001

electronic excitation,

33 - 100 eV

emission, th.- 480 eV

9 - 60 ey

20 - 2000 ev

100 eV

th.- 100 ey

emission, 9 - 160 eV

emission, th.- 100 eV
1 KeV¥

emission

compilation




ionization,

experiment

.M. Mann

. Neuert

. F. Lampe
.H. Borman
.De Maria
.E. Stanten
.E.Melton
.Fiquet-Fayarad
.Adamczyk
B. Opal
_B. Opal

. B. Opal
.].van der Wiel
. Adamczyk
.D.Morrison
. Adamczvk
.Woijcik
.~C.Gomet
.Djuric
.Crowe
D.Mark

R. Wight
.—C. Gomet
. Bederski
.Djuric
.D.Mark
3. 0rient
.Locht

. Locht

. Locht

.A Svage

.Locht

¥.¥. S5 Rao
. A Syage
.Tarnovsky
.P.Karwasz
.Rejoub

1940
1952
1957
1961
1963
1964

C 1966
1968
1969
1971 a
1971 b
1972
1972
1973
1973
1974
1974
1975

(1976}
1977 O

€ 1977

1977

1978

1980 O

1981 O

1982

1985

1988 a

1988 b

1988 ¢

1988

1989

1992 O

1992 O

1997 O

2001

¢ 2001 O

far I8 - -]

75 eV

75 e¥

100 eV

250 - 2200 eV
th.- 300 eV
th.- 180 eV
th. - 300 eV
25 - 1000 eV
th.- 200 eV
review

th.- 500 eV
15 - 50 eV
18 - 50 eV
20 - 20 eV
th.~- 180 eV
30 - 100 ev
th.- 1000 eV
10 - 270 eY¥
th. - 200 eV
compilation
th.~- 1000 eV
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ionization,

theory

K Jain

.D Mark
.P.Xhare
.K. Srivastava
. P.Khare
.Margreiter
. Bobeldijk
. Hwang
.Vallance
.®. Harland
.-K. Kim
.Deutsch

attachment,

B 1976

€

experiment

1977
1987
1987
1989
1990
1994
1996
1996
1987
1997
2000

.B.Wahlin
.E. Bradbury
.Kraus

H. Dorman
N. Compton

E. Sharp

E. Parr
V..Rishud

D. Burrow
L.Stricklett
Tronc

Tronc

.Yalcin
.Ling

B. Dunning
P.Karwasz

attachment,

theory

no theoretical value

19212
1935
1961
1966
1969
1969
1972
1979
1984
1986
1987
1988
1992
1993
1995
2001

th. - 104 eV

4.5 - 7 eV

review
4 - 13 e¥

0 - 10 eV

review
compilation



Numbers of References

on Eleciron and Photon Collisions

with Atoms and Molecules

published in the 20th Century

2004. 7.27.

Atoms (17) Molecules (51)
At+te A+ hy M+te, M+ hy,
He » 2170 = 2 Hz, Do 2200 O 5 CHy 950
Ne 10 1140 # N2 2240 O
Ar 13 1960 O 02 1700 CF4 400
Kr ss 1000 Co 1190 CCl4 210
e &4 1180 O NO 880 CC1;F2 250
CHsClI 90

Li 5 450 Fo 196 O
Na 11 300 CIQ 360 O SiH4 230

Bro 140 O SifFy 140
K 49 319 Is 240 O Gel, 50
Rb 37 220
(s &5 370 HF 330 O 6 CoH4 370

HC] 420 O CH50H 350
0 8 390 HBr 220 O

Hi 150 O 7 $§Fsg 920
F o 90 :
Cl 1~ 130 3 Coo 1240 O

H>0 1200 O 8 CqHg 260
Cu 29 180 C2Fs 150
Cd 43 210 0s 480 SioHg 70
Ba ss 340 N2 450

N0, 350 9 CzHe 120
Hg so 600 H2S 270 C-Hs0H 60

" 50; 290 ‘

52 260

0cs 280 11 (3Hs 140
not final, but CsFs 100
finished mostly 4 NHs 320 O '

PH3 190 O 12 C4Fs 100
include electron Cshlg 240
SWarm papers CoH2 390 CeFe 100

NF3 110
include BF3 110 686 Cso 300
review papers BCls 90

H,CO 180 M: + My 850

¥ He(Ne) + e only.

(O The bibliography was publtished already.

Noi include He(Ne) + hv papers.



NIFS-DATA-62
NIFS-DATA-63
NIFS-DATA-64

NIF5-DATA-65

NIFS-DATA-66
NIFS-DATA-67
NIFS-DATA-68
NIFS-DATA-69
NIFS-DATA-70
NIFS-DATA-71

NIFS-DATA-72

NIFS-DATA-73

NIFS-DATA - 74

NIFS-DATA-75

NIFS-DATA-76
NIFS-DATA-77
NIFS-DATA-78

NIFS-DATA-79
i

NIFS-DATA-80
NIFS-DATA-81
NIFS-DATA-82
N'lFS-DATA-Sl

NIFS-DATA-84
NIFS-DATA-85
NIFS-DATA-B6

NIF5-DATA-87

Recent Issues of NIFS-DATA Series

R. K. Janev. Yu.V. Ralchenko, T Kenmotsu,
Unified Analytic Formula for Physical Sputtering Yield at Nummal [on Incidence: Apr. 2001

Y. Itikawa,
Bibtiography on Electren Collisions with Molecules: Rotational and Vibrational Excitations, 1980-2000 Apr. 2001

R.K. Janev, ).G. Wang and T.Kato,
Cross Sections and Rate Coeflicients for Charge Exchange Reactions of Protons with Hydrocarbon Molecules: May 2001

T Kenmotsu, Y. Yamamura, T Ono and T Kawamura,
A New Formula of the Energy Spectrum of Sputtered Atoms from a Target Material Bombarded with Light lons at Normat Incidence: May
2001

1. Murakami, U. 1. Safronova and T Kaio,
Dielectromic Recombination Rate Coeflicients to Excited States of Be-like Oxygen: May 2001

N. Matsunami, E. Hatanaka, ). Kondoh, H. Hosaka, K. Tsumori, H. Sakaue and H. Tawara,
Secondary Charged Particle Emission from Proton Conductive Oxides by lon Impact; July 200t

R.K. Janev, 1.G. Wang, 1. Murakami and T. Kato,
Criss Sections and Rate Coefficients for Electron-lmpact lenization of Hydrocarbon Melecutes: Oct. 2001

5. Zou, T Kato, |. Murakami,
Charge Exchange Recombination Spectroscopy of Li lE lons for Fusion Plasma Diagnostics: Oct. 2001

1. Murakami, T. Kato, A. lgarashi, M. Imai, Y. Hikawa, D. Kato, M. Kimura, T Kusakabe, K. Moribayashi, T. Morishita, K. Motohashi, L.
Pich] AMDIS and CHART update (I} Oct. 2002

5. Zou, L. Pichl, M. Kimura and T. Kato
Total, Partial and Differential lonization Cross Sections in Proton-hydrogen Collisions at Low Energy: Jan. 203

M. Hayashi
Bibliography of Elcctron and Photon Cross Sections with Atems and Molecules Published in the 20th Century — Argon -: Jan. 2003

I. Horacek, K. Houfek, M. Cizek, | Murakami and T Kato
Rate Coefficients for Low-Energy Electron Dissociative Attachment to Molecular Hydrogen: Feb. 2003

M. Hayashi

Bibliography of Electron and Photon Cross Sections with Atoms and Molecules Published in the 20th Century — Carbon Dioxide —: Apr.
2003

X. Ma, H.P. Liv, Z.H. Yang, Y.D. Wang, X.M. Chen, Z.Y. Liu, I. Murakami and C. Namba
Cross-section Data Measured at Low Impact Energies for A% Tons on Argon and Neon Targets. Apr. 2003

M. Hayashi
Bibliography of Electron and Photon Cross Sectiens with Atoms and Molecules Published in the 20th Century - Sulphur Hexafluoride —;
May 2003 '

M. Hayashi
Bibliography of Electron and Photen Cross Sections with Atoms and Molecules Published in the 20th Century - Nitrogen Molecule — ¢
June 2003

A, lwamae, T Fujimote, H. Zhang, 1. P Kilerease, G. Csanak and K.A. Berrington
Population Alignment Collisional Radiative Model for Helium-like Carbon:Polarization of Emission Lines and Anisotropy of the Electron
Velocity Distribution Functien in Plasmas: Aug. 2003

M. Hayash
Bibltography of Electron and Photon Cross Sections with Atoms and Molecules Published in the 20th Century ~ Xenon - ; Sep. 2003

M. Hayashi
Bibliography of Electron and Photen Cross Sections with Atoins and Molecules Published in the 20th Century - Halogen Molecules —
Dec. 2003

M. Hayashi
Bibliography of Electron and Photon Cross Sections with Atoms and Molecules Published in the 20th Century - Water vapour - : Dec.

M. Hayashi
Bibliography of Electron and Photon Cross Sections with Atoms and Molecules Published in the 20th Century - Hydrogen molecules ~ :
Feb. 2004

M. Hayashi
Bibliography of Electron and Photen Cross Sections with Atems and Molecules Published in the 20th Century — Hydregen Halide
Motecules — : Mar, 2004

ELECTRAN - Mante Carlo Program of Secondary Electron Emission from Monoatomic Solids wnder the Impact of 0.1 - 10 keV Electrons:
Mar. 2004

1. Murakami, T Kato, U1, Safronova and A.A. Vasilyev,
Dielectronic Recombination Rate Coefficients to Excited States of Boronlike Oxygen and Dielectronic Satellite Lines: May 2004

1. Murakami , J. Yan , H, Sato , M. Kitmura , R. K. Janev , T. Kato,
Collision Processes of Lid+ with Atomic Hydrogen: Cross Section Database:Aug.2004

M. Hayashi,
Bibliography of Electron and Photon Cross Sections with Atoms end Molecules Published in the 20th Century - Ammonia and Phosphine



