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Bibliography of Electron and Photon Cross Sections
With Atoms and Molecules
Published in the 20" Century

—— Nitrogen Molecule *

Makoto Hayashi

(Gaseous Electronics Institute)

A bibliography 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 nitrogen molecule (N3). About 2240 papers were
compiled. A comprehensive author index is included. The bibliography covers the
period 1906 through 2000 for N,. Finally, author's comments for N; electron collision
cross section are given.

Keywords : N; molecule, collision cross section, 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.



Introduction
History

This bibliography is the result of a continuing literature survey which was
begun around 1970 and originally encompassed only electron collision cross
section and electron swarm data. The organization responsible for continuing
this survey is Nagova Instituie of Technology, Nagoya. From 1994, the work
continued to Gaseous Elecironics Insititute, Nagoya. Imn 1997, the collection
of photon cross section references was begun. The search for references in
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 experiments or theoretical calculations of cross sections for electron
and photon collisions with nitrogen molecule, N2. The review papers on this
subject are alse included. Some nitrogen molecule cluster papers are included.
Some conference reports, company or agency reports and PhD thesis are included.
Nitrogen ion papers and positrom 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) ienization
7) attachment
8) grand total scattering (sum of elastic and inelastic cross sections)
9) metastable nitrogen molecules
10) electron swarm parameters (drift velocity, diffusion coefficient)
11) excitation and ionization coefficients

For photon collision cross section
1) photoabsorption
2) photoexcitation and fluorescence
3) photodissociation
4) photoionization



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

The energy range for electron cross section data is usually 0 - 10 KeV
but some higher electron energy papers are included. The wavelength range
for photon cross section data is from microwave to X-ray. Most papers are
concerned with infrared, visible and ultraviolet ray region

The bibliography includes the papers published ‘in the 20th century. from
1901 to 2000. Famous avthors C.Ramsauer, J.§5. Townsend and L.B.Loeb" s papers
were published in 1921 independently. But oldest paper in this list is given
by H.E.Hurst (1906). So for this nitrogen molecule bibliography. published
papers from 1906 to 1999 are compiled in alphabeiical order of the first
author's surname of the paper. References published in 2000 and plus some
old papers found very recently after compilation are added as "Addenda of
References for Nitrogen Molecule™. 1In total, about 2240 papers are compiled
in the nitrozen molecule bibliography.

Organization

This report consists of four parts : introduction, the bibliography and
its addenda, author index and some comments onh electron collisian cross
sections.

Bibliography

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

E : _Elastic collisien

R :_Rotationmal excitation

V :_Vibrational excitation

EX : electronic EXcitation

D :_Dissociation

I : lenization

A :_Attachment

ME : MEtastable argon

N electron Swarm

¢ : Others f{photon cross sections and the others)

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



Bibliography for Nz are divided into four parts :

Part 1. 1990 - 1999 »p. 1 - 31

Part 2. 1980 - {989 »p.32 - 75

Part 3. 1906 - 1979 p. 76 - 163

Part 4. Addenda of References (1) published in 2060, plus some old

papers p. 164 - 183
Addenda of References (2) opublished in 2000, plus some eld
papers p. 184 - 189

Author Index

In this section all authors are listed alphabetically by surname. After
each author' s name is a list of page numbers indicating which references he
o1 she authored or coauthored.

Some Comments on Electron Collision Cross Sections for No
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References for N, {1990 - 1999)
(Nitrogen)

: Elastic collision, R : Rotational excitation,

E

¥ o Vibrational excitation, EX : Electronic excitation,

D : Dissociation, I : lonization,

A : Attachment, QT : Grand total cross section,
S ¢ Swarm, @ : lYonizatien coefficient,

0 : The others, [ ]: Additional irformations,

E : Exp.. T : Theory

E M. Abdolsalami, F. Abdolsalami and L.Perez : J. Phys. B30, 713-728 (1997) -

Study of rigid-rotor exact exchange electron - N, scattering using the
first-order non-degenarate adiabatic theory.
[T, No; 0.0027 - 13.6 eV]

I N.Abramzon, R. B. Siegel and K. Becker : I.Phys. B32. L247-1254 (1999a) -

Absofute cross section for the formation of Np* (X232 .*) ions produces by
electron impact on Nj. (E., No; th.~ 200 eV]

[ N Abramzon, R.B. Siegel and K. Becker : Ini.J. Mass Spectrom Jon Process. 188
147-153 (1999b)

EX |}

EX J

[ e

Cross section for the production of No*{X2X% ,*) ions by electron impact
on No. [E, N2; th. - 200 eV]

.M. Ajello and M. Ciocca : J.Geophys. Res. 101, 18953-18960 (1996) -

Fast nitrogen atoms from dissociative excitation of Nz by electron impact.
[E. N2]

.M. Ajello, G. K. James and M.Ciocca : I.Phys. B31.2437-2448 (1998) -

High resolution EUV emission spectroscopy of the Np ¢' 12 . v’ =3
and 4 levels by electron impact. [E, No:; 100 eV]

.L.Aleksandrov and A. M. Konchakov : Sov. Tech. Phys. Lett. 16, 206-207 (19490) -

Dissociation of oxvgen molecules in a microwave discharge in air.
[T, N2 t 02]

.L.Aleksandrov and I.V.Kochetov : Sov.J. Plasma Phys. 18, 828-833 (1992)

Electron transport coefficients in a weakly ionized plasma with
vibrationally excited melecules. [T. N, C0,. CO]

.L.Aleksandrov and [.V.Kochetov : J.Phys. D26, 387-392 (1993a)

Electron transport parameters in & weakly ionized gas with vibrationally
excited molecules. [T, Nz, CO,, CO]

.L.Aleksandrov and A.P. Napartovich : Phys. Usp. 36, 107-128 (1993b)

Phenomena in gases and plasmas with negative ions.
[review, No, CO, 03 SFs, N20, CCls, NHs]
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S N.L.Aleksandrov, N. A. Dyatko and I.V.Kochetov : Plasma Phys. Rep. 21, 763-767
(1995) -
Rate of inelastic electron processes in a weakly ionized plasma in a
nonstationally electric field. [T. No. CO2. Ar: B.Eq.]

§ N.L.Aleksandrov, N. A. Dvatko and [.V.Kochetov : Plasma Phys. Rep. 22, 82-86
(1998) -
Longitudinal diffusion of electrons in a weakly iotized plasma in Lhe
presence of an alterbating electricfield. [T, K2, Ar: B.Eq.]

I A ¥.Ali : in_Nomeguilibrium Processes in Partially Ionized Gases. Ed. by
M. Capitelli and J. M Bardsley, Plenum 651-658 (1990)
Tonization and deiomization of electron beam disturbed air.
fcompilation, N + 053]

EX J.§. Allen, S:Chung and C.C. Lin : Phys. Rev. A4l, 1324~1334 (1890) -
Electron-impact excitation of the x'Z4~, v'ITs and 0s!ITy Rydberg
electronic states of the nitrogen molecule,

[E, Np; emission. th.- 500 eV]

0 U Asaf,]. Mever, R Reininger and [.T.Steinberger : J.Chem. Phys. 96, 7885-7889
(1992) 7
High Rydberg states of methy! iodide perturved by nitrogen : A mutual
cancellation of shift terms. (E, N2 + CHsI]

0 U Asaf.K Rupnik,G. Reisfeld and S.P.McGlynn : J.Chem Phys. 99, 2560-2566
{1993) -
Pressure shifts and electron scatteriong lengths in atomic and molecular
gases. [E and T. N2, Hz, CHy. CzHe, C3Hs, CO,. He - Xel

I L. Avaldi, R.Camilloni.E Fainelli and G. Stefani : J.Phys. B25, 3551-3563 (1999
: tonization of the Nz 30 ¢ orbital by electron impact studied by
asymmetric (e, 2¢) experiments.  [E, Np; 300 eV]

S A Bagheri,K. L.Baluja and S.M Datta : I.Phys.D32 211-217 (1994) -
Density dependence of electron mobility in dense gases.
{T. N2, Hz, 02, CO2 He - Xe; multiple-scattering approach]

0 P.Baltzer,L.Karlsson and B.Wannberg : Phys. Rev. A46, 315-317 (1992a)
Rotational line profiles in the Hel —-excited photoelectron spectra of
the No molecule. [E, N3]

0 P.Baltzer, M. Larsson, L. Karlsson, B. ¥annberg and M. C. Gothe : Phys. Rev. Ad6,
5545-5553 (1992b) _
Inner-valence states of No* studied by UV photoelectron spectroscopy and
configuration-interaction calculations. [T. hv. N3]

0 R.S.Barbieri and R. A. Bonham : Phys. Rev. A44, 7361-7378 (1991)

Experimental determination of ground-state correlation effects in
molecular nitrogen. [E, N2: 25 - 28 keV]

- N2 2 -



EX R.5.Barbieri and R. A Bonham : Phys. Rev. A45, 7929-7941 (1992)
Momenium-transfer dependence of the Lyman-Birge-Hopfield and the K-shell
preionization lines in the niftrogen molecule by means of high-energy
electron-impact spectroscopy. (E, Np: 25 - 28 keV]

I R.5.Barbieri, ].C. Nogueira and M. A. E. Ferreira : 19th ICPEAC, Whistler 49-490
(1995)
Differential cross section for electron-impact ionization of molecular
nitrogen : A theoretical calculation. [T. No; DDCS at 103 eV]

m

G. Basavaraju, 5. M. Bharathi, K. G. Bhushan, S.Maji and S_H Patil : Phys. Scr. 60,
28-31 (1999) - :
A unified description of elastic, high energy electron-molecule
scattering. [T, Nz, €0, 0z, H20, €Oz CHs, CoHs. CoHe: 3 keV for NoJ

0 U Becker and D. A Shirley : Phys. Scr. T31,56-66 (1990Q) -
Threshold behaviour and resonances in the photoionization of atoms and
molecules. [E, hy, Nz, CO, Ne - Xe, Li]

0 L. E Berg, P.Erman, E. Kallne, 5. Sorensen and G. Sundstrom : Phys. Scr. 44, 131-137
{1991)
Studies of photoionization and photodissociation of N, in the 15 - 30 eV
region using intense synchrotron radiation. (E. hv ., Ns2]

E MHF Bettega, M. A. P. Lima and L. G.Ferreira : I.Phys. B31, 2091-2099 (19938) -
Low-energy electron scattering by N.. P2, Asz and Shs.
[T, No, etc.; 10 - 30 ev]

EX C.E.Bielschowsky, M. A. C. Nascimento and E.Hollauer : Phys. Rev. A42 5223-5227
{1990a)
Correlation and relaxation effects on the electron-impact excitation of
the Lyman-Birge-Hopfield band of Ns. [T, N3l

0 C.E.Bielschowsky, M. A. C.Nascimento and E.Hollauer : J. Phys.B23, L787-L789
(1990b} -
Ab initio and configuration interaction calculations of optical
oscillator strengths for N, molecules. (T. N2] -

EX C E.Bielschowsky, M. A. C. Nascimento and E.Hollauer : Phys. Rev. A45, 7942-7947
{1992) -
Generalized multistructural calculation of the optica! and generalized
oscillater strengths for inner-shell excitations in Np. (T, N»]

S H A.Blevin and L.J.Kelly : in Nonequilibrium Effecis in Ion and Electron
Transport, Plenum Press 67-81 {(1990) -
Non-local descriptions of electron swarms in space-time.
[E and T, Nj]

S H A Bievin and L.J.Kelly : in Gaseous Electronics and Its Applications, KTK
Scientific Publishers 127-143 (1991) -
Righer-order transport processes in electron swarms. [E and T, N;; MCS]

- NZ 3 -



S N A.Bievin and J.Fletcher : Aust.J.Phys. 45, 375-386 (1992)
. Optical studies of pre-breakdown eleciron avalanches. [E. N2l

h—

L.G. Bol" shakova, Yu. B. Golubovskii, V.M. Telezhko and D.G. Stoyanov : Sov. Phys.
Tech. Phys. 35, 665-668 (1%90) -
Mechanism for ionization of nitrogen melecules in self-sustained
discharges. (E, No; afterglow]

=

0 J. Borysow and A.V.Phelps : Phys. Rev. E50, 1399-1412 (1994)
Electric field strengths, ion energy distributions, and ion density decay
for low-pressure, moderate-current nitrogen discharge. (E, N2l

0 Dj.A Bosan, T.V. Jovanovic and Dj. M. Krmpotic : J. Phys. D30, 3096-3098 (1997)
The role of neutral metastable No(A) molecules in the breakdown
probability and glow discharge in nitrogen. {E, Nzl

S M. ). Brenpan, A.M. Garvie and L.J.Kelly : Aust.]J. Phys. 43, 27-43 (1990) -
A Monte Carlo investigation of E X B discharges in molecular nitrogen
[T, N2]

M. J.Brennan, D. T. Alle, P. Euripides, 5. J. Buckman and M. . Brunger : J. Phys. B2Z5,
2669-2682 (1992) O
Elastic electron scattering and rovibrational excitation of N, at low
incident energies. {E, Nz; DCS, 1.5 - 5 eV]

-~ T

I [.K. Bronic, M. Kimura, M. [nokuti and M;Dillon : Nucl. Instrum. Meth. B7i, 366-370
(1992) , ‘
The Fano factor for electrons im gas mixtures.
[T, N2, He - Xe, Ho, 02. CO,;:, CHa, C2H2]

D M R.Bruce and R. A Bonham : J.Mol. Struct.352/353, 235-243 (1995) -
Electron-ion coincidence experiments : absolute detector efficiencies
and neutral dissociation cross sections.

[E, N2, CFs, He, Ar, Kr; 40 eV for Ny]

EX M. J.Brunger and P.J. 0. Teubner : Phys. Rev. A41, 1413-1426 (19%0) O
Differential cross sections for electron—impact excitation of the
electronic states of Np. [E, Nz: DCS, 15 - 50 eV]

S D.Bruno, M. Capitelli, E.Kustova and E. Nagnibeda : Chem. Phys. Lett. 308, 463-472
(1999)

Nen-equilibrium vibrational distributions and transport coefficients
of No(v)- N mixtures. [T, Na(v) + N]

E §.J.Buckman, M. J. Brunger. M. J. Brennan. D. J. Alle, R. J. Gulley and S. I Newman :
V 17th ICPEAC, Brisbane 253-262 (1992)

Low energy electron-molecules collision cross sections.
[E, Na; 1.5 - 3 eV]

- N2 4 -



E 5. J.Buckman and M. . Brunger : Aust. }. Phys. 50, 483-509 (1997) -
R A critical comparison of electiron scattering cross sections measured by
v single collision and swaum lechniques.

{compilation. No. He - Ar, Hy, €0, 05, (0., CHsl

E P.G.Burke : in_AIP Conf. Proc. 295, 18th ICPEAC, Aarhus, AIP Press 26-47
-V (1993)
EX Theory of electron collisions with atoms, ions and molecules.

[T, No. 02, SiH4, etc.]

EX P.D.Burrow : in AIP Conf.Proc. 360, 19th ICPEAC. Whistler 257-266 (1995) -
[ Electron scattering from vibrationally excited molecules.
[review, No, Hs, (0,, SFe, CHsCl]

E M. Capitelli,R.Celiberto and M. Cacciatore : in Advances in Atomic, Molecular,

V apd Optical Physics, Vol.33, Academic Press 332-372 (1994)
EX Need for cross sections in plasma chemistry.
I [review, Nz, Hz, 0, CO, HCL, Cl,, Fp, HF. C0,. etc.]

0 M Capitelli,D.Giordano, C. Gorse and S. Longo : Chem. Phys. Lett. 263, 635-639

{1996)
Effects of non-Boltzmann vibrational distributions on electron-molecule

and bimolecular reaction rates. [T, No(v) + 0 — NO: mostly Na(v)]

0 V.Carrevetta Y. Luo and H. Agren : Chem. Phys. 174, 141-153 {1993) -
Accurate photoionization cross sections of diatomic molecules by multi-
configuration linear response theory. [T. hv., Kp, 0o C0, NOJ

§ N J.Carronm : Phys. Rev. A45, 2499-2511 (1992) -
Energy-diffusion calculation of the electron~swarm distribution fumction.
(T. N2, 02! '

0 W F.Chan, G. Cooper. R.N.S.Sodhi and C.E. Brion : Chem. Phys. 170, 81-97 (1993) -
Absolute optical oscillator strengths for discrete and continuum
photoabsorption of molecular nitrogen {11 - 200 eV). [E, hv, N3]

0 J.S5.-Y.Chao, M.F.Falcetta and K.D. Jordan : J. Chem. Phys. 93, 1125-1135 (1990)
Application of the stabilization method to the No~ {I%TIg) and Mg~ (1%P)
temporary anion states. [T, N2, Mg]

0 D.Chen and G. A Gallup : J. Chem. Phys. 93, 8893-8901 (1990) -
The relationship of the virtual orbitals of self-consistent-field theory
to temporary negative ipns in electron scattering from molecules.
(T. No. Hz, CoHs, CsHso CalHel

QT X.-J. Chen, X. -¥. Fan, K. -Z. Xu, B. -X. Yang, S. -L. Xing, Y. -G. Wang and F. Zhang : Acta
Phys. Sin. (China) 41, 885-889 (1992)O
Total cross section measurements for electron scattering on Np in the
energy range 250 - 1400 eV. [E, N]

- NZH -



EX

EX

EX

1. Chen and A. Z. Msezane : Int.Sympo.on Electron- and Photon-Molecule
Collisions and Swarms, Berkeley H-26 (1995)
Calculation of the generalized oscillator strength for the dipole allowed
transitions in e - N2 scattering. [T, No]

7. Chen and A. 7. Msezane : J.Phys. B29,1525-1530 {1996)
Calculation of excitation cross sections for the lowest five dipole-
allowed transtions in e - Np scattering {T, Np; DCS. 200 - 1000 eV]

T.Chen and A. Z. Msezane : Phys. Rev. A55, 812-814 (1997)
Formula for the calculation of integral ¢ross sections in a Fourier
expansion method. [T, N,. Xe; 60S — integral c.s.for b1, state of Nol

R.V.Chiflikyan : High Tenmp. 34, 1-6 (1996} -
Qualitative analysis of the relation between drift velocities of electrons
in gas mixtures and pure gases forming these mixtures in gas-discharge
plasma. [T, N, He. Ar, Kr. Hz, 0z, C0, CD2, CF.]

H.Cho,S.H. Lee,S. 5. Kim and J.S.Jun : New Phys. {Korea) 32, 401-405 (1992)

Energy distribution eof low-energy secondary electrons from Nz, 02 and
Ho0 by electron impact. [E. No, 0o, Hz0; 100 eV]

H.Cho and S.-E. Park : Phys. Rev. A51, 1687-1690 (1995a)
Angular distributions of N* from No2* produced by electron impact on Na.
[E, No; 60 eV]

H.Cho and §. -E. Park : 19th ICPEAC, Whistler 42-42 (1995b)
Angular distribution of N* from Nz%* produced by electron impact on Ns.
(E, Njl

H.Cho and S.-E. Park : J.Korean Phys. Soc. 28 581-583 (1995¢)
Energy distributions of N* from No®* produced by electron impact on No
near the double-ionization threshold. [E, Nol

M.S.Claudia, V. B. Edgardo and R. T.Mainardi : Radiat.Phys. Chem. 51, 407-408
{1958)
Influence of cross section data bases on electron transport coefficients
in gases. [T, N3]

G. Coloonna. C. Gorse, M. Capitelli, R. Winkler amd J.Wilhelm : Chem. Phys.Lett. 213
5-9 (1993)
The influence of electron-electron collision on electron energy
distirbution functions in N» post discharge. [T, N3]

C.Cornaggia. J. Lavancier, D. Normand, ]. Morellec and H. X. Liu : Phys. Rev. A42
5464-5472 (1990}
Intensity dependence of the muliielectron dissociative ionization of No
at 305 and 610 nm. (E. hv, N3]

- N2 6 -



EX

N

EX

v
0

C.Cornaggia, J. Lavancier,D. Normand, ]. Molellec, P. Agostini, J. P. Chambaret and
A Antometti : Phys.Rev. Ad4. 4499-4505 (19%1)
Multielectron dissociative iomization of diatomic molecules in an intense
femtosecond laser field. [E. hv., Nz, CO. 02]

C.Cornaggia. D. Normand and J.Morellec : J.Phys. B25, L415-1422 (1992)
Role of the molecular electromic configuration in the Coulomb
fragmentation of Nz, CoHo and CoHg in and intemse laser field.
[E, hv. Nz, CoHa. CoHal

P.C.Cosby : J.Chem. Phys. 98.9544-9553 (1993) O
Electron-impact dissociation of nitrogen. fE. No:; 18.5 - 148.5 eV]

V.¥.Couling and C.Graham : Mol. Phys. 82, 235-244 (1994)
Measurement and interpretation of the second light-scattering virial
coefficients of linear and quasi-iinear molecules.
(E and T, Nz, CO0, €0z CzHs, CHsCl]

R.W.Crompton : in Nonequilibrium Effects in Ion and Electron Transport,
Plenum Press 11-36 (1990)
Beam, swarm and theoretical studies of low-energy electron scattering :
Some exemplers. [review, N2, Ho, Ne - Kr. Hg]

S.M.Cybulski and D.M. Bidhop : Chem. Phys.Lett. 250, 471-476 (1996)
Electron-correlated calculations of the nuclear-shielding polarizability
and magnetizability polarizability of He, N, HF and CO
[T, N2, Hp, HF., C0)

N.P.Danilevskii.I.Y. Rapp.V.T.Koppe and A.G. Koval : Opt. Spectrosc. 68, 593-595
{1990) ,
Effective cross sections of the excitation of certain bands of No and No*
by electrons. [E, Nz; 4 keV]

D.X.Davies : in Noneguilibrium Effects in lon and Etectron Transport, Plehum
177-195 (1990)

Measurements of attachment coefficients in the presence of ionization

[E, Nz + 02, No 4+ 02 + Ho0. HCIl, CO,, CCla4]

G. Dawber, A. G. McConkey, L. Avaldi. M. A. MacDonald, 6. C. King and R I.Hall : J. Phys.
B27, 2191-2209 (1994) - .
Threshold photoelectrons coincidence spectroscopy of doubly-charged-ions
of nitrogen, carbon monoxide, niiric oxide and oxygen.
[E. N2, C0, NO, 0:]

G. B. Dawber, B. Patasthy, D. P. Almeida and G.C.King : 19th ICPEAC, Whistler
44-44 (1995)
A high resolution study of PCI effects in inner shell states of small
molecules by electron impact. {E, Na,

$.De Benedictis and G.Dilecce : Chem Phys. 192, 149-162 (1995)

Vibrational relaxation of Nz (C,v) state in N pulsed RF discharge :
electron impact and pooling reactions. {E. N:]

- N2 T -



I.L.Dehmer, D.Dill and A C. Parr . in Photophysics and Photochemistry in

EX

EX

Vacuum Ultraviolet, Ed.by S.McGlynn, G. Findlev and R. Huebner, Reidel 341-
(1983) ' ‘ :

A.de Lange and W.Ubachs : Chem. Phys.Lett. 310, 471-476 (1999)
Observation of the y'TIg - ¢'4'2 % and k'Tlg - ¢14!Z ot system of No.
{E. N3] .

A V.Den’ yanov, [. V. Kochetov, A. F. Pal’ and A. V.Filippov ; Sov.J. Plasma Phys.
18, 397-402 (1992) :
Study of a beam-driven discharge in Hy - No mixtures at room and cryogemic
temperatures. [E, Nz + H]

G. V.Denisov, Yu. N. Novoselov and R. M. Tkachenko : Tech. Phys. Lett. 24, 146-147
{1998)
Removal of nitrogen oxides from the air under the action of a micresecond
glectron bean. [E, No + 02 + NOJ

G.G.B. de Souza, C.E.Bielschowsky, C. A. Lucas and A.C.A. Souza . Phys. Rev. A42,
1363-1366 (1990)
Electron-impacti excitation of the 31.4-eV band in No, [E, No: 1 keV)

D.M.Dickinson, €. A. Quarles and C. E. Blount : J.Elect. Spectrosc. Relat. Phenon
53, 193-199 (1990)
Resonance in the electron impact excitation intensities of the inner-shell
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[T. No. C0, Hz. 02, NO. He - Xe, (0, Hp0, CHs4, NHa, ete.]

B.Van Zy! and T.M. Stephen : Phys. Rev. A50, 3164-3173 (1994) -7
Dissociative ionization of Ha, No and O, by electron impact.
{E, N2, Hz, 02; Rapp’s data (1965a) have been reanalyzed, th.- 1000 eV]

B.Van Iyl and ¥.Pendleton. Jr.: J. Geophys. Res. 100, 23755-23762 (1995) -
Not (X), Not{A), and No* (B} production in e~ + N, collisions.
{compilation. Ns]

A. V. Vasenkov, R. G. Sharafutdinov, A. E. Belikov and V. S.Malinovskii : Plasma
Phys. Rep. 22, 1022-1031 (1996)
Spatial and energy distribution of electrons generated in the interaction
of an electron beam with a nonuniform gas flow. (T, Nz; MCS]

K. A Vereshchagin, V. V. Smirnov and V. A. Shakhatov : Tech. Phys. 42, 487-494 (1997)
CARS study of the vibrational kinetics of nitrogen molecules in the
burning and afterglow stages of a pulsed discharge. [E, N2l

M. Vicic, G. Poparic and D.S. Belic : J.Phys. B29,1273-1281 (1996) O
Large vibrational excitation of No by low-erergy electrons.
[E, Nz: 0 -5 eV, v=1-10]

M.Vicic, G. Poparic and D.S. Belic : Rev. Sci. Instrm 69, 1396-1999 (1998)
A crossed beam double trochoidal electron spectirometer.
[E. Nz; 0.2 - 17 eV]

A A Vostrikov and V. Samoilov : Sov. Tech. Phys. Lett. 18, 228-229 (1992) -
The formation of clusters of negative nitrogen ions by electron capture,
[, N2l

C.W.Walter,P.C. Cosby and H.Helm : Phys. Rev. A50, 2930-2936 (1994)
Predissociation quantum yields of singlet-nitrogen. (E. hv. N»l

Y. Wang and R.J. Van Brunt : Phys. Plasmas 6, 4797-4797 (1999)
Response to "Comment on 'Calculation of electron tramsport inm Ar-No and
He-Kr gas mixtures — implications for varidity of Blanc's law method ”
[response, Nz; see R.V.Chiflikian : Phys.Plasmas 6, 4794 (1999)]

C.A Weatherford and. A. Temkin : Phys. Rev. 449, 2580-2586 (1994) -

Completion of a hybrid-theory calculation of the I1< resonance in
electron - No scattering. {T. No; DCS, 1.5 - 3 eV]

- N2 29 -



0 A

B.Wedding. J. Borysow and A V. Phelps : J. Chem. Phys. 98, 6227-6234 (1993)
No(a"1Z z*) metastable collisional destructicn and rotational

excitation transfer by Na. [E. N3]
¥ S.¥eiguo and M. A Morrison : Sci.China A, Math. Phys. Astron. 42, 1003-1008
(1999}

5 Y.

0 L

0 S

Vibraiional excitation differential cross sections of low-energy
electron scattering from N> molecule.
fT, No:; vib. close-coupling scattering method]

Weng and M. J. Kushner : Phys. Rev. A42, 6192-6200 (1990)
Method for including eleciron—electron collisions in Monte Carlo
sibulations of electron swarms in partially ionized gases. [T, Ny, Ar]

Withelmy and N.Rosch : Chem Phys. 185, 317-332 {1994)
Molecular photoionization cross sections by the Lobatto techmique. II.
Core level photoionization. [T. N, CO, SFg)

H.S:Wilson, R. J. Rednall, H. H. Fielding, F. Merkt and T.P. Softley : . Elect.

Spectrosc. Relat. Phenom. 66, 151-166 (1993)

I C

vV M

Intensity perturbations in the v* = 2, 1 and 0 bands of the zero-kinetic-
energy (ZEKE) photoelectron spectrum of Ns. (E and T. hv, N;l

Winkler and T.D.Mark : Int.J.Mass Spectrom. Ion Process. 113, 157-164 (1994 O
Experimental investigation of the electron impact iorization cross-section
behaviour near threshold. [E, N2, 02, He, Kr. CO0p; th.- 21.5 eV for Ns]

Winterstetter and W. Domcke : Phys.Rev. Ad7, 2838- 2855 (1993)
Path-integral approach to resonant electron-molecule scattering.
[T, No, Hz:; th.- 7 eV]

0 R.M VWood, §. Zheng, A K. Edwards and M. A. Mangan : Rev. Sci. Instrum. 68, 1382-1386
(1997)

EX G.

0 C.

Limitation of the axial recoil approximation in measurements of molecular
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hydrogen, nitrogen aod carbon monoxide at high E/N. [E. N2, Ho. €0

5 S.5 Al-Dargazelli,T.R. Arivaratne, J.M Breare and B. C. Nandi : Nucl. instrum.
Methods 176.523-528 (1980)

Measurement of the drift velocity of electrons in an argon-nitrogen
mixture using a gas scintillation drift chamber. (E, N2 + Ar]

- N2 32 -



5

EX

EX

EX

N. L. Aleksandrov, F. I. Vysikailo, R. Sh. Islamov, I. V. Kochetov, A. P. Napartovich and
V.G. Pevgov : High Temp. 19, 17-21 {1981) -
Electron distribution functiom in 4 : 1 N2 - 02 mixture. [T, N2 + 02]

N.L.Aleksandrov and A. M. Konchakov : Sov. ). Plasma Phys. i1, 650-654 (1985a) -
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Resonaces in high energy eleciron spectroscopy. [E, N2; 20 - 50 keV]

E R.A Bonham and M.Fink : Phys. Rev. A33, 1569-1577 (1986)12
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Repulsive-state symmetry determination using threshold polarization
measurements. [E, No; 124.3 nm N I line following on N»]

.W.McCurdy and J. L. Turner : J.Chem. Phys. 78, 6773-6779 (1983)

Wave packet formulation of the boomerang model for resonant electron-
molecule scattering. [T,lNg; 0—1, 0—2, 1 - 4.3 eV]

-¥W.McCurdy, C.-H. Yu and R. M. Pitzer : 14th ICPEAC, Palo Alto 44-44 (1985)

Molecular photoionization cross sections by the complex basis function
method. [T. hy, Nz

W.McDaniel, M. R. Flannery, E. ¥. Thomas and 5. T.Manson : Atomic Data and Nucl.

Data Tables 33, 1-148 (1985) '

0 V.

0 R

Selecied bibliography on atomic collisions : Data collections,
bibliographies, review articles, books. and papers of particular tutorial
value. [compilation]

McKoy, S.N. Dixit, R. L. Dubs and D.L. Lynch : Aust. J. Phys. 39, 761-777 (1986)
Dynamics of single- and multi-photon ionisation processes in molecules.
[T. hv. No. Hz, €0z €O, CoNz, CpHsl

McLaren, 5. A. C. Clark, I. Ishii and A.P. Hitchcock : Phys. Rev. A36, 1683-1701

(1987)

EX H.

0 1

Absolute oscillator strengths from K-shell electron-energy-loss spectra
of the fluoroethenes and 1, 3-perfluorobutadiene.
[E. Na, €0, C02 CzHs, CoFa, CHsCF4, etc.]

-D. Meyer : Phys. Rev. A34, 1797-1809 (1986)

Electron-molecule scattering treated with the use of separable
appreximations for the nontocal part of the interaction : static exchange
calculations for e~ + Hz and e~ + Njp. [T, N2, H:2]

.~D.Meyer : Phys. Rev. A40, 5605-5613 (1989)

Optical potentials for electron-molecule scattering : A comparative study
on the N, 2TI¢ resonance. [T, Na2)

A Michejda, L. 1. Dube and P.D.Burrow : J. Appl. Phys. 52, 3121-3129 (1981) -

Detection of vibrationally excited nitrogen by trapped electron and
electron trapsmission methods. [E. No; 0.5 - 16 eV]

H.Michels : in_Advances in Chemical Physics, Vol. 45, Wiley-Interscience,

225-340 (1981)

Electron structure of excited states of selected atmospheric system.
[review, N2, 02, NO, 02~, NO*; potential energy curves]
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QT T

M.Mizogawa, Y. Nakayvama. T. Kawaratani and M. Tosaki : Phys. Rev. A31, 2171-2179

(1985) -

EX H.

EX L.

0 V.

Precise measurements of positron-helium total cross sections from 0.6 to
22 eV. [E, e~ for Nz; 1 - 6 eV]

. V. Moratz, L.C. Pitchford and J.N. Bardsley : J. App!l. Phys. 61, 2146-2151 (1987)

Electron swarm behavior in nonuniform fields in mitrogen. {T. N2]

D.Morgan and J.E Mentall : J.Chem Phys. 78, 1747-1757 (1983)
EUV studies of No and 0z prodeced by low energy electron impact.
{E, N, 0g; emission, th.- 300 eV]

.A.Morgan : 1. Phys. B19,L439-L445 {1986)

Resonant vibrationasl excitation of No by low-energy electron impact.
[T, Nl

A.Morgan : in AIP Conf.Proc. 205 1t6th ICPEAC, New York 96-102 (1989) -
R-matrix calculations of electron molecule scattering.
[review, T, No, H,, HF, HCIl!

.Morioka, S. Aovama, Y. Kagevama. T. Hayaishi, I. 0. Suzuki, G. I sovyama, S. Asacka,
. Ishiguro and M. Nakamura : J. Phys. B17, 2795-2802 (1984)

Dissociative photoionisation of N> from threshold to 29 eV.
[E hv . Ng]

Morioka. T. Akahori, T. Hayaishi, T. Namioka, T. Sasaki and M. Nakamura : I. Phys.

BI9, 1075~1080 (1986)

v R

Coincidence spectra of threshold photoelectrons and ions near the
C 22 ,% state of Not. [E, hv, N»]

A Morris, C.J. Patrissi,D. ). Sardella, P.Davidovits and D. L. McFadden : Chem.

Phys. Lett. 102, 41-44 (1983)

[g=]
=

23
=

E M

Efficient vibrational excitation of geseous CFs and C3Fg by low-energy
electrons. [E, Nz (F4, (:Fs., CHs, He, 02] '

.A.Morrisoﬁ and L. A.Collins : Phys. Rev. A23, 127-138 (1981)

Exchange in low-energy electron-molecule scattering : Orthogonalization
and free-electron-gas approximations for collisions with polar and
nonpelar molecules. [T, N2, Ho, CO, LiH, HCI1, LiF, 0.136 - 13.6 eV]

LA Morrison : Aust. ]. Phys. 36, 239-286 (1983)

The physics of low-energy electron-molecule coilisions : A guide for the
perplexed and the uninmitiated. [T, N>, HF - HBr. SFs. etc.]

.A. Morrison, B. C. Saha and T.L.Gibson : Phys. Rev. A36, 3682-3698 (1987)

Electron - N» scattering calculations with a parameter-free model
polarization potential. [T. N5]

A.Morrison : in Advances in Atomic Molecular Physics, Vol. 24, Academic

V Press 51-156 (1988

Near-threshold eleciron-molecule scattering.
[review, Np, Ha, Fo, CO0. Lip, HCI, HBr, C02, CHg4]
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EX A Mozumder and J. A La Verne : J. Phys. Chem. 89, 930-936 (1985)

I Range and range straggling of low-energy elecirons : general
considerations and application to N2, 02 and Hs0.
[T. N2, 02, H20; 100 - 2000 eV]

EX I.Nadler, D. W. Setser and 5. Rosenwaks : Chem. Phys.Lett. 72, 536-540 (1980)
0 Production of the N» Herman infrared system by the energy pooling
reaciion of No{(A3Z ,*) metastable pitrogen molecules.
[E. No: flowing afterglow]

0 S.Nagano, I. -P. Luo, H. Metiu, W. M. iuo and V. McKoy : J.Chem. Phys. 88, 7970-7974
(1988)
Electron scattering distributions as a probe of adsorbate orientation :
C0 and Ns. [T. N», CO]

I T.Nagata, A. Nakajima, T. Kondow and K Kuchitsu : J.Chem Phys. 87, 6507-6512
(1987)
Nascent rotational distributions of No*(X2Z*) produced by electron-impact
ionization of Nz inm a supersonic beam. [E, W]

S Y. Nakamura : J.Phys. D20, 933-938 (1987)
Drift velocity and longitudinal diffusion coefficient of electrons in
nitrogen and carbon monoxide. [E, No, CO]

V B M. Nestmann and S$.D. Peyerimhoff : J.Phys. B18, 4309-4319 (1985)
CI method for detemining the location and width of resonarces in
electron-molecule collision processes.
[T, Ny; °TIg state of No™, 1.5 - 4 eV]

0 D.Neuschafer,C.Ottinger and A Sharma : Chem. Phys. 117, 133-148 (1987)
" Observation of a long-lived nitrogen beam afterglow and lifetime
measurements on the Np(W3A ) state. (E. N»]

EX D. 5. Newnman, M. Zubek and G. C.King : J. Phys. B16, 2247-2263 (1983) -2
Metastable excitation measuremenis in L0 and N2 by high-resolution

electron impact, using a low work function detector.
[E. Nz, CO; th.- 16 eV]

E J.C.Nickel,C.Mott, I. Kanik and D. C. McCollum : J.Phys.B21. 1867-1877 (1988) O1
Absolute elastic differential electron scattering cross sections for
carbon monoxide and molecular nitrogen in the intermediate energy region.
[E, Nz, CO; DCS, 20 - 100 eV, 20 - 120°]

0 J.C.Nickel,P. ¥. Zetner, G. Shen and S.Trajmar : J. Phys. E22, 730-738 (1989) -
Principles and procedures for determining absolute differential electron
melecule (atom) scattering cross sections. [E, N»]

QT H. Nishimura and K. Yano : J.Phys. Soc. Jpn. 57, 1951-1956 (1988) 1

Total electron scattering cross sections for Ar, Nz, H20 and D-0.
[E. N2, Ar, H20, D20; 7 - 500 eV]
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E C.J.Noble, P.G. Burke and 5. Salvini : J. Phys. B15, 3779-3786 (198%) -
Low-energy scattering of electrons by diatomic molecules.
- [T, Ny and He; R-matrix]

E C.J.Noble,R.K. Nesbet and L. A Morgan : 13th ICPEAC, Berlin 218-218 (1983)
Variational R-matrix calculations of electron-molecule scaitering.
[T, Nz, Ha}

E C.J.Noble C.J.Gillan, P.G. Burke and S.Scialla : 15th ICPEAC, Brighton
292-292 (1987)
Eleciron scattering by N2 and 0. [T. N2. 053}

EX C.J. Noble, T.T. Scholz. C. J. Gillan and P. G. Burke : 16th ICPEAC., New York
306306 (1989a)

Electronic excitation of Hs, N, and 0z by low energy electrons.
[T, Nz, Ha 03]

EX C.J.Noble,C.J.Gitlan and P.G. Burke : 16th ICPEAC, New York 307-307 (1989b)
Electronic excitation in low energy electron scattering by Ns.
[T, N2}

QT J.C.Nogueira and J.E.Chaguri : Int.J.Quantum Chem. : Quant. Chem. Svmpo. 21,
307-311 (1987 -
Semiempirical relationship for the total cross section for electron
scattering in atoms and molecules. [T. N2, C0p CHsl

E D.W.Norcross : Int.].Quant.Chem : Quant.Chem, Symp. 17, 191-191 (1983)
y Review of electron-molecule scattering. [T. No, HCI]

EX N.Oda and T. 0Osawa : J.Phys. Bl4, L563-L568 (1981)12
Generalized oscillator strength and total cross sections for the I1Z g%
- — a'Tl iransition in molecular nitrogen at 500 to 2000 eV incident
electron energies. [E, Nl

EX T.Ogawa, §. [shibashi, J. Kurawaki and H. Kawazumi : J. Chem Phys. 82 1920-1923
(1985)
Translational enmergy distribution of the excited nitrogen atom produced

by electron-impact dissociative excitation of nilrogen molecules.
[E, Nol

S Y Ohmori, M. Shimozuma and H. Tagashira : J.Phys. D21, 724-729 (1988)
Beltzmann equation analysis of electron swarm behaviour in nitrogen.
[T, N2}

D §. Ohshima, T. Kondow, T. Fukuvama and K. Kuchitsu : Chem Phys. 85, 403-412 (1984)
Electron impact dissociation of N2 : Angular distributions of highly
excited Rydberg atoms. [E. N,]

I J.L.Olivier, R Locht and J. Momigny : Chem. Phys. 68, 201-211 {1982)

Dissociative electroionization study of nitrous oxide. — The NO and N,
dissociation channels. [E, Nz, NO]
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E K.Onda and D.G. Truhlar : J.Chem. Phys. 72, 1415-1417 (1980a)
Comparison of local-exchange approximations for intermediale-energy

electron-molecule differential cross sections. [T. No: at 30 eV]
E K. Onda and D.G. Truhlar : J.Chen Phys. 72, 5249-5262 (1980%)
v State-to-state cross sections for elastic and inpelastic electron
scattering by N, at 20 - 35 eV, including resonant enhancement of
vibrational excitation. (T. No]

0 K Onda and A. Temkin : Phys.Rev. A28, 621-631 (1983a)
Calculation of the polarization potential for e — Nz collisions.
[T. N2] ‘

¥ K. Onda and A. Temkin : 13th ICPEAC, Berlin 235-235 (1983b) \
Absolute cross sections for resonant vibrational excitation processes
of N> molecules by electron impact. [T. Nz:; 1.8 - 3 ev]

R K. Onda : I.Phys.Soc. Jpn. 54, 4544-4554 (1985) -
Rotational excitation of molecular nitrogen by electron impact.
[T, Nz; 0.01 - 3 eV]

0 M Ortiz, A. Perez and J. Campos : Physica C150, 440-444 (1988) -
Experimental lifetime for the B3TIg (v = 0) level of N,. [E, N2; 13 wusl

0 M. Ortiz, A. Perez and J. Campos : An.Fis. A, Fenom. Interaccioens {Spain} 85,
28-32 {1989)
Mean lifetimes of vibrational levels (v = 5, 6 7, 8) of the B3IT« state
of the N, molecules. {E, N2; 5.9, 5.5, 4.9, 4.7 us, respectively]

11

S J.L. Pack R.E. Voshall, A. V. Phelps and L. E.Kline : 42nd GEC, Palo Alto, E-14
(1989) : Bull. Am. Phys. Soc. 35, 1809-1809 (1990
Experimental and theoretical longitudinal electron diffusion coefficients
in mplecular gases. [E and T, N2, Dp, €0, H20, CO0, K20, N0z NHs]

S Y.-H Pack and B.-H.Lee : Trans.Korean Inst.Electr. Eng. 37.549-556 (1988)
Time-of-flight investigations of eleciron drift velocities in nitrogen
and carbon monoxide gases. [E. N, CO: E/N = 4 - 240 Td]

QT N.T.Padial and D.W.Norcross : Phys. Rev. A29, 1742-1748 (1984) -
Parameter-free model of the correlation-polarization potential for
electron-molecule collisions. [T, N, H,, C0,, HF, HCI, CO; D.1 - 10 eV]

0 F.Paniccia, €. Gorse, J. Bretagne and M. Capitelli : J.Appl. Phys. 59, 4004-4006
(1986)
Eleciron energy distribution functions in molecular nitrogen : the role
of superelastic electronic collisions in discharge and predischarge
conditions. [T. N2l

I F.Paniccia, C. Gorse, M. Cacciatore and M. Capitelli : J. Appl. Phys. 61, 23123-3126
ME (1987) .
Nonequilibrium ionization of nitrogen : The role of stepwise ionization
for metastable states in the presence of superelastic electronic
collisions. [T, N2] '
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EX

B. M. Penetrante and J.N.Bardsley : J. Appl.Phys. 54, 6150-6153 {1983)

Monte Carlo studies of attachment in HCI and HCI - N> mixtures.
[T. N» + HCl, HCI]

B.M. Penetrante and J.N. Bardsley : J.Phys.D17,1971-1982 (1984)

A critique of Bolizmann soluiion methods for calculating the longitudinal
diffusion coefficient of electrons in gases. [T. Nl

B. M. Penetrante, J. N. Bardsley and L. C.Pitchford : I.Phys. D18, 1087-1100 (1985)

Monte Carlo and Bolizmanm calculations of the density gradient expanded
energy distribution funciions of electron swarms in gases. iT, N2]

1.L.Petrovic : Aust. J. Phys. 39, 237-247 (1986) -

The application of Blanc’s law to the determination of the diffusion
coefficients for thermal electrons in gases. [T. No. Ho0, C05]

A.Y.Phelps : in Electrical Breakdown and Discharges in Gases, Part A,
Fundamental Processes and Breakdown, Vol 89a (NATO) Plenum Press 109-132

(1982)
Transport data to the modeling of electrical breakdown and discharges.
[review, No. 0o, Hs, Arl

A.V.Phelps and L.C.Pitchford : Phys. Rev. A3, 2932-2949 (1985a)

Anisotropic scattering of electrons by No and its effect on electron
transport. [T, N»l

A.V.Phelps and L.C.Pitchford : JILA Data Center Report No. 26, 1-21 (1985bh) O

Anisotropic scattering of electrons by Np and its effects on electron
transport :; Tabulation of cross section and results.
fcompilation. No; consistent set of electron collision ¢.s.]

A.V.Phelps.D. M. Jelenkovic and L.C.Pitchford : Phys. Rev. A36, 5327-5336 (1987a)

Simplified models of electron excitation and ionization at very high E/n
[E, N2]

A.V.Phelps : in Gaseous Dielectrics V. Knoxville 1-9 {1987b)

Excitation and ionization coefficients. (review]

EX L.G. Piper,B.D. Green, W. A. M. Blumberg and S.J. Wolnik : J.Phys. B19, 3327-3332

(1986)
Eleciron impact excitation of the No* Meinel bamd. [E, Nz]

S 1.C.Pitchford, S.V.0 Neil and J.R.Rumble, Jr.: Phys.Rev. A23, 294-304 (1981a)

Extended Boltzmann apalysis of electron swarm experiments. [T, Nl

§ 1.C.Pitchford : im Electron and Ton Swarms, Pergamon Press, Oak Ridge 45-54

{(19810b)
Electron energy distribution funmctioms in gases. {T,

S L. C.Pitchford and A.V.Phelps : Phys. Rev. A25, 540-554 (1982) -

Comparative calculations of electron-swarm properties in Np at moderate
E/N values. (T, Nyl
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EX P. Polak-Dingels and N.Djeu : J. Appl. Phys. 54, 6818-6821 (1983
Determination of N> (B3IT.) and N2 (C3TI.) vibrational temperatures in e -
beam pumped Ar - N2 and He - Ar - N mixtures.
[E. N2 + Ar, Ny + Ar + He]

QT J.P.Polley and T.L.Bailey : Phys.Rev. A37, 733-736 (1988) -
Relative total-cross-section measurements for collisions of low-energy
electrons (10 - 25 V) with No and CO. [E, No, CO]

0 P.Popp and J. Leonhardt : Beitr.Plasmaphys. 21, 293-300 (1981)
The rates of formation of negative ions for some halocarbons in nitrogen
and argon-nitrogen mixtures in dependence on the mean electron energy.
(E. N2, Nz + Ar, CSz. CHCls, CHzClz etc.]

A S.A Pozdmeev : Sov.Tech. Phys.Lett.6,517-518 (1980} -
Use of the Faddeev equationm to calculate the cross section for dissociative
electron attachment to a nitrogen molecule. [T, N-]

E S.Pozdneev : J. Phys. B16, 867-873 (1983a) -

v Electron scattering from nitrogen molecule.
A [T, Nz; disso.attach. with an initially vib. excited N
S.Pozdneev : High Energy Chem 17, 254- {1983n)
[T, No: 1 - 12 eV]
V S.Pozdneev and V.Shcheglov : Chem. Phys. 123, 27-41 (1988)
D Application of the quantum theory of scattering to the calculation of the
A simplest chemical reactions. (T. N5, Hp. HD. Ds. Fy - 15, HC). HBr, 02]

0 S.T.Pratt - J.Chem Phys. 81, 3444-345]1 (1984)
Photoelectron studies of resonant multiphoton ionization of molecular
nitrogen. (E. hv. N3]

S P.H Purdie and J.Fletcher : I. Phys.D22, 759-765 (1989)
A study of electron swarms in nitrogen gas by voltage tranmsient technique.
{E., Nzi

0 A A Radzig and B.M. Smirnov : in Reference Data on Atoms, Molecules, and lons,
Springer (1985) :

E F.A Rajgara.A Roy and D.Mathur : Indian J. Phys.357B, 32-36 (1933}
Inner-shell resonance in differential elastic scattering of electrons
from Np. [E, Nl

EX D. L. A Rall, A, R.Filippelli, F. A. Sharpton, §. Chung, €. C. Lin and R. E. Murphy :
J.Chemn. Phys. 87, 2466-2477 (1987) -
Emission from atomic nitrogen produced by electron impact on nitrogen
molecules. [E. N2: 3800 - 7000 A. th.- 450 eV]
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EX D.L. A Rall,F. A Sharpton and C.C.Lin : J.Chem. Phys. 89, 7253-7258 (1988) -
[ Excitation of emission lines of atomic nitrogen ions by eleciron-impact
dissociative ionization of nitrogez molecules. [E. N2]

V L P.Rapoport and V.I.Lisitsyn : Sov.Phys.]. 23, 154-164 (1980}
Vibrational excitation of diatomic molecules during resonance scattlering
of siow electrons. [. Na ]

E F.H Read : Phys. Scr. 27, 103-116 (1983) -
EX Electron-atom scattering : The state of the experiments.
[review, Nz, (0, Hz, D,, H, He, Ar, Nal

EX A_K.Rebrov, G. I. Sikhinin, R. G. Sharafutdinov and J.-C. Lengrard : Sov. Phys.
1 Tech. Phys. 26, 1062-1067 (1981) -

Electron-beam diagnostics in nitrogen. Secondary processes.

{T. Nzl

0 T.Reddish and J. Comer : 13th ICPEAC. Berlin 262-262 (1983)
Electron energy-loss studies of N> using a spectrometer with a position
sensitive detector, [E, No; see P.J.Hicks {1980)]

V. T.Reddich,F. Currell and J. Comer : J.Phys.E2l, 203-207 (1988) -
Studies of the 2 eV shape rescenance in N, using a two-dimensional
scanning technique. [E, Nz: DCS for v =0 - 8 at 2 eV 70°]

V T N.Rescigno, A E Ore! and C. W McCurdy : J.Chem Phys. 73, 6347-6348 (19230)
Application of complex coordinate SCF techniques to a molecular shape
resonance : The 21, state of No~. [T, N-]

0 A Ricard : 7th ESCAMPIG, Petit-Lancy 195-196 (1984)
The vibrational excitation of N,, No¥ electronic states in pestive
columns of glow discharges. [ . N2l '

0 P .G Richards and D.G. Torr : J. Geophys. Res. 894, 5625-5635 (1984)'
Ar investigation of the consistency of the ionospheric measurements of
the photoelectron flux a2nd solar EUV flux. [T, No. 0]

0 P.G.Richards,D. G.Torr and W. A. Abdou : J. Geophys. Res. 914, 304-310 (1986)
Effects of vibrational enhancement of N2 on the cooling rate of
ionospheric thermal electrons. [. N2l

0 J.5 Risley and W.B. Westerveld : Appl.Opt. 28, 389-400 (1989) -
Eleciron-atom source as a primary radiometric standard for the EUV
spectral region. fcompilation, No, 0z Ar, (0o, S$0,, SFs, etc.]

S S.D Rockwood and A.E.Greene : Comput.Phys. Comm. 19, 377-393 (1980)
Numerical solutions of the Boltzmann transport equation. [,

5 K. Rohlena and K. Masek : Czech.]. Phys. B39, 415-426 (1989)
Electron kinetics of molecular nitrogen DC discharge. [T. N2; B.Ea.]

- N2 63 -



- m

W. Roznerski and K. Leja : 1. Phys. D13 L181-L184 (1980)
The ratio of lateral diffusion coefficient to mobility for electrons in
H, and N2 at moderate E/N. {E, Nz H»)

W.Roznerski and K. Leja : 14th ICPIG, Dusseldorf 68<69 ({1983)
Electron drift velocities in nitrogen, oxygenr, carhon monoxide and
carbon dioxide at moderate E/N values.

[E, N2, 02, €0, COz; E/N = 50 - 250 Td for N3]

W Roznerski and K. Leja : I.Phys. DIT.279-285 (1984)
Electron drift velocity in hydrogen, nitrogen, oxygen, carbon monoxide,
carbon dioxide and air at moderate E/N.
[E, No. Hz. 05 CO, COp, No + 02]

W. Roznerski : SPIG '86, Sibenik, 137-139 (1986)
The ratio of lateral diffusion coefficient to mobility for electrons in
nitrogen at moderate E/N. [E, No:; E/N = 15 - 750 Td]

J.R. Rumbie, Jr.and D. G. Truhlar : J.Chem. Phys. 72, 3206-3210 {1980a)
Investigation of the assumptions of the multiple-scattering method for
electron-molecule scattering cross sections. [T, Nz: 5 - 50 eV]_

J.R. Rumble, Jr.and D. G. Truhiar : J.Chem. Phys. 72, 5223-5227 (1980b)
Comparison of local exchange potentials for eleciron - N2 scattering.
[T, Nz; 2.39, 13.6, 30 eV]

J.R. Rumble, Jr., D G Truhlar and M. A Morrison : J.Phys. B14, L301-L305 (1981)
Calculation of vibrational excitation of No by electron impact at 5 - 50
eV using extended-basis-set Hartree-Fock wavefunctions. [T, Njl

J.R. Rumble, Jr., D.G. Truhlar and M. A. Morrison : J.Chem Phys. 79, 1846-1858
(1983a) -
State-to-state diffcrential and integral cross sections for vibrational-
rotational excitation and elastic scattering of electrons by No at- 5 - 50
eV : Calculations using extended-basis-set Hariree-Fock wave functions.
[T, N2l

J.R. Rumble, Jr.and D. G. Truhlar - 13th 1CPEAC, Berlin 224-224 (1983})
Vibrational-rotational excitation of N2 by electron at 5 - 50 eV
[T, Njl

J.R.Rumble, Jr..W.J. Stevens and D.G. Truhlar : J.Phys.B17.3151-3157 (1984)
Effect of electron correilation in the targei wavefunction on electron-
molecule scattering. [T, Nz; 1.5 - 30 eV]

V.D. Rusanov. A. A. Fridman and G. V. Shotin : Sov. Phys. Usp. 24, 447-474 (1981) -

The physics of a chemically active plasma with nonequilibrium vibrationatl
excitation of molecules. [review, Ny, Hp, CO0, CHs, 02, NO, CO2 I», etc.]
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E

B.C.5aha, T. L. Gibson, W. K. Trail and M. A. Morrison : 15th ICPEAC. Brighton

QT 267-267 (1987)

E

Theoretical cross sections for low-energy electron - N» collisions.
[T, N3l

B.C.Saha : in_Electron-Molecule Scaitering and Photoionization, Daresbury

R Prenum Press 221-228 (1988)

E
R

Electron - N2 cross sections at low energies calculated using a
vibrational averaging procedure. [T, N2l

B.C.Saha : Indian J. Phys. B63, 130-148 (1989) -
A vibrational averaging technique for calculating e~ - molecule cross
sections. [T. Np, Hs]

@T 5. S5alvini.C.J. Noble and P. G. Burke : 13th ICPEAC, Berlin 234-234 ({1983)

0

Electron scattering by diatomic molecules. [T. N2l

J.A. R Samson, T. Masuoka, P. N. Pareek and G. C. Angel : J.Chem Phys. 86, 6128-6132
(1987) -
Total and dissociative photoionization cross sections of Np from threshold
to 107 ev. [E, hv., N3]

J.A R S5amson and L.Yin : J.Opt. Soc. Am. B36, 2326-2333 (1989)
Precision measurements of photoabsorplion cross sections of Ar, Kr. Xe,
and selected molecuies at 58.4, 73.6, and 74.4 nm.
[E. hV. Nz. Ar - Xe, Hz. 02, CO. C02 N2U. CH4]

L. Sanche and M. Michaud : Phys. Rev. B30, 6078~-6092 {1984)
Interaction of low-energy electrons {1 - 30 eV) with condensed molecules :
O. Vibrational-librational excitation and shape resonances in thin N;
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EX J.
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References for No (1900 - 1979)

{(Nitrogen)

E : Elastic collision, R : Rolational excitation

V : Vibrational excitation, EX : Electronic excitation

D : Dissociatiaon, I : lonization,

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

G : The others, [ ]: Additional informations,

E : Exp., T : Theory.
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F.M. Aarts, F.J.de Heer and F.J. Vroom : Physica 490, 197-206 ({1968)
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E K
0
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N.L. Aleksandrov, A. M. Konchakov and E. E. Son : Sov.J.Plasma Phys. 4, 663-666
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Zur Lumineszenz einiger Molekulgase bei Anregung durch schonelle Elektronen.
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Measurements of the energy and angular distribution of secondary electrons.

[E, N», 02
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A A Belevisev and.A.Kh.Mnatsakanyan - Opt. Spectrosc. 42, 31-34 (1977)
Approximate method for calculating the photoabsorption cross sections of
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Oscillator stengths for the W3A . - X'Z.* band svstem of molecular
nitrogen. [E and T. N»)
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Atomic collisions involving low energy electron and ions.
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{E. No: E/N = 45 - 242 Td]

EX A Boksenberg : Thesis, University of London 1-127 (1962)
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V M. J.¥W Boness and G. J.Schulz : Phys. Rev. A8, 2883-2886 (1973} -
Excitation of high vibrational states of No and CO via shape resonances.
{E, Np, CO; 2 - 4 eV]

QT R. A. Bonham M. Fink and D. A. Koh! : Chem. Phys. Lett. 4, 349-351 (1969) _
The determination of chemical binding effects in Nz by electron scattering.
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D. Briglia, P. Englander-Golden and D. Rapp : 1. Chem Phys. 42, 4081-4085 (1965)
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P. Bromberg : J.Chem Phys..50, 3906-3921 (1969)
Absolute differential cross sections of elastically scattered electrons.
I. He, No, and CO at 500 eV. [E. N2, He., CO: DCS. 2 - 65°]
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upper atmosphere. [E. No, 02, N, 0]

EX E.C.Zipf and R. W.McLaughlin : Planet. Space Sci. 26, 449-462 (1978) -

On the dissociation of mitrogen by electron impact and by EUV photo-
absorption. [E, N3]
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(published in 2000, plus .some old papers)

2000 (2 pages.'and see p. 184 - 185)

EX D

P. Almeida, G. Dawber, S. E.Michelin and 6. C.Xing : Chem Phys. 269, 159-165

(2001)

E D

Core excitation and autoiomising transitions from '*3TI, states of No.
by near threshold electron impact. [E. Nz]

L. Azevedo and M. A P.Lima : Phys. Rev. A63, 062703/1-5 (2001)
Effective configurations in electron-molecule scattering. 1I.
iT. Nz, CHs, Ho:; shape resonance in Nj]

EX L. Campbell. M. J. Brunger, A. M. Nolan, L. J. Kelly, A. B. Wedding, }. Harrison,
S P.1.0. Teubner,D.C. Cariwright and B.McLaughlin : I.Phys. B34, 1185-1199
(2001} C©

EX R

QT G.

D T

Integral cross sections for electron impact excitation of electronic
states of No. [E and T. Nz: 15 - 50 eV]

Flammini, E. Fainelli and L.Avaldi : J.Phys. B33, 1507-1519 {2000)
Observation of doubly excited states in the No* 20 .~% ionization
cross section measured by f{e, 2¢}) experiments. [E, No; 1000 eV]

Garcia and F. Blanco : Phys. Lett. A279,61-66 (2001) -
Energy dependence of the total cross section for electron scattering by
N2 and CO molecules at energies above 1 keV. [T. No, (0]

.J.Hussey and A. J.Murray : J.Phys. B35, 3399-3409 (2002)

Low energy (e, 2e) differential cross—-section measurements on the 3o0x
and 1z, molecular orbitals of Ns. (E, No; 25.6 - 76.7 eV]

.Kebus, H. M. Quiney and S.Wilson : }. Phys. B34, 2045-2056 (2001)

A comparison of finite difference and finite basis set Hartree-Fock
calculations for the N molecule with finite nucled. [T, Nol

Odagiri, K. Takahashi, K. Yoshikawa, N. Kouchi and Y. Hatano : J. Phys. B34,

4889-4900 (2001) -

EX B.

Forbidden doubly excited states of molecular nii{rogen dissociating into
two neutral atoms in electronm collisions. [E, No; 80 and 150 eV]

H. Pawar, R. M. More, S. V. Sonar, R. A. Oswal, M. D. Shirsat, A. G. Chaushan, A. N. Jadhav

and S.N.Keshatti : Asian J.Phys. 9, 256-263 (2000)

EX G

Electron impact excitation produces population inversion on 77 vibrationa!
transitions of first and second positive systems of nitrogen molecule.
[T. No: 0 - 20 eV]

B. Poparic, M. D. Vicic and D.S.Belic : Phys. Rev. AG6, 022711/1-3 (2002)

Differential cross sections at 0° and 180" from electron-impact
excitation of the E3X g% state of Nip. [E, N»;
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S. A. Pozdneev : 1. Exp. Theor. Phys. 90, 30-44 (2000a) -
Collisions of electrons with molecules in excited vibrational-rotational
state. (T, N,, H,, HD, D2, HF - HBr, Liz, Naz]

S.A.Pozdneev : J. Russ. Laser Res. 21.182-204 (20000b)
Electron scattering on excited diatomic molecules in selected rovibra-
tiomal states. [T, Na, Ho,

S.A. Pozdneev : Bull. Lebedev Phys. Inst. Ne. 2,31-39 (2000c¢)
Dissociative electron attachment to excited diatomic molecules,
calculation results. [T, N, Ho, HF, Liz, Naz, etc.]

D.Rolles, R.Diez Muino, F. J. Garcia de Abajo, C. S. Fadley and M. A. Van Hove :
"Elect.Spectrosc. Relat. Phenom 114-116,107-113 (2001)

Elastic scattering of low-energy electrons by randomly oriented and
aligned molecules. Influence of full non-spherical potentials.

{T, N2, CO; DCS, 10 - 50 eV]

[—

M. Zubek, B. Mielewska and G. C.King : J.Phys. B33, L527-L532 {2000)O
Absolute differential cross sections for eleclron elastic scattering
and vibrational excitation in nitrogen in the angular range from 120°
to 180°. [E, No; 5 eV, v=0—1]

Addenda. Part 1 (1990 - 1999)

W.D Alien and A.G. Csaszar : J.Chem. Phys. 98, 2983-3015 (1993)
On the ab initio determination of higher-order fprce constants at
monestationally reference geometries. [T, N2, N2O, Fa, Fo0]

S.I.Andreev, P. A. Atanasov, P. P. Br' nzalov, N. V. Karlov, A. V. Kisletsov, 1. 0. Kovalev.
G.P.Kuz min, 0.A. Levchenko and A. A. Nesterenko : Sov.Phys. Tech. Phys. 35, 60-63
(1490) -

Formation of a volume discharge with plasma electrodes. [E, N5l

$ B. Ben-Shlomo and U.Xaldor : J. Chem. Phys. 92, 3680-3682 (1990) -
N, excitations below 15 eV by the multireference coupled-cluster
method. (T, No: excitation enmergies]

S.De Benedictis,G.Dilecce and M. Simek : Chem. Phys. 178, 547-560 (1993)
Time-resolved LIF spectroscopy on Nz (A) metastable in a He/N> pulsed
rf discharge. {E, No + He]

S.De Benedictis, G.Dilecce and M. Simek : J.Phys. B27,615-632 (1994)
Vibrational excitation of No*(B v} in He - Nz pulsed rf discharges.
[E, N2 t+ He]

S.De Benedictis and G.Dilecce : Chem Phys. 192, 149-162 (1995)

Vibrational relaxation of No(C,v) state im N pulsed rf discharge :
electron impact and pooling reactions. [E and T, No]
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A.Dreuw and L.S.Cederbaum : Inot. J. Mass Spectrom [88, 199-204 {1999) -
Long-lived high-spin sextet states of Nz, [T. N3]

S. Edwards, J. -Y. Roncin, F. Launay and F. Rostas : J.Mol.Spectrosc. 162, 257-267
{1993)

The electronic ground state of molecular nitrogen.

[compilation., N; ex.energies of rot.and vib.ex., 1 =0 - 35 v =1 - 15]

R.Flammini, E. Fainelli and L.Avaldi : J.Phys. IV Proc. 9 119-122 (19%9)
Measurements of the No 20 . partial ionisation cross section via (e, 2e)
experiments. [E, No: 1000 eV]

Y. Kawamoto, M. Fujitake and N.Ohashi : J.Mol.Spectrosc. 185, 330-335 (1997)
Near—-infrared diode laser spectroscopy of the nitrogen molecules in
Rydberg state : Analysis of the ¢TIy - 8" 'Z&*. v = 1 - 0 band
[E. hy, Nz: 1.3 pm region]

P.F.Levelt and W.Ubachs : Chem. Phys. 163, 263-275 (1992)
XUV-laser speciroscopy on the C4' ' o, v = 0 and C31IT,, v = 0 Rydbers
states of No. (E, hv., N3l

S. Longo, K. Hassouni, D. lasillo and M. Capitelli - I.Physiq. If 7,707-718
(1997a)
Coupled electron and molecular vibrational kinetics in a 1D particle-
in-cell model of a low pressure, high frequency electric discharge in
nitrogen. [T, Nz (v)]

S.Longo. M. Capiteili and K Hassouni : J.Physiq. IV 7, C4-271-281 (1997h)
The coupling of PIC/MCC models of discharge plasmas with vibrational
and electronic kinetics. [T, N2(v)]

A. V. Merkulov, A. [. Nadezhdinskii, 5. K. Semenov and A. N. Khusnutdinov : Sov. Phys.
Tech. Phys. 35, 576-579 (1990) -
Measurements of the dynamics of the absorption spectrum of the 1* system
of nitrogen in a pulsed discharge with the help of an injection laser.
[E, hv, N3]

A.A. Mihajlov. V. D Stojanovic and Z. Lj.Petrovic : J.Phys. D32, 2620-2629 (1999)
Resonant vibrational excitation/de-excitation of No (v} by electroms.
[T. N2(v)]

D. Moncrieff, J. Kobus and S. Wilson : J.Phys. B28, 4555-4557 (1995}
A universal basis set for high precision electronic siructure studies.
[T. Nz. CO. BF., etc.]

H.D. Morgan, H. M. Seyoum, J.D. E. Fortna, D. C. Humm, A. Asfaw and D.D. Cleary :

J. Geophys. Res. 984, 7799-7803 (1993)
Total photoabsorption cross section of molecular nitrogen near 83.4 nm.
[E, hy, Ngz: 293 K]

- N2 166 -



-t

(. Nagy, C. P. Ballance, K. A. Berrington, P. G. Burke and B. M. McLauvghlin : J. Phys.
B32.L469-L477 (1999)
Vibrational exeitation of the No* first negative (0.0). (I.0}) and (2.0)
bands by electron impact : a theoretical study using the R-mairizx
approach. [T, No*: th.- 20 eV]

M. L.Orlov.].F.Ogilvie and . W.Nibler : J.Mol.Spectrosc. 185, 128-141 (1997)
High-resolution coherent Raman spectra of vibrationally excited %N2 and
15N,. [E. hv, No{v)]

P.Rinsland, R Zander, A. Goldman, F. J. Murcray. D. G. Murcray, M. R. Gunson and
C.B.Farmer : J.Mol.Spectrosc. 148, 274-279 (1991)
The fundamental quadrupole band of 4N, : Line positions from high-
resolution stratospheric solar absorption spectra. (E, hv, N3]

D.¥. Rusch, J. -C. Gerard and C. G Fesen : J. Geophys. Res. 964, 11331-11339 (1991)
The diurnal variation of NO, N(2D), and ions in the thermosphere :
A comparison of satellile measurements to a model. {model, N;, NO, etc.]

T.5.Sommerer and M. J. Kushoner : J. Appl. Phys. 71, 1654-1673 (1992)
Numerical investigation of the kimetics and chemistry of rf glow
discharge plasmas sustained in He, No, 02, He/No/02, He/CF4/02, and
SiHa/NHs using a Monte Carlo-fluid hybrid model.

[T, No, 0,, He, No + 0o + He, CF4 + 02 + He, SiH4 + NHsz]

T.Trickl, D. Proch and K. L.Kompa : J.Mo!l. Spectrosc. 162, 184-229 (1993)
Rescnance-enhanced 2 + 2 photon iomization of nitrogen : The Lyman-Birge-
Hopfield band system fE, hw, N2J

M.N.Viasov, Yu. A. El' chin, A. V. Zharinov and V. A. Safonov : Sov. J. Plasma Phys.
18, 743-745 (1992)
Self-sustaining discharge initiated by an eleciron beam in a disperse
gas. [E. No + 0] :

H. Yoshii, T. Tanaka, Y. Morioka, T. Havaishi and R.I[.Hall : J.Mol. Spectrosc. 186,
155-161 (1997) -
New NpoT electronic states in the region of 23 - 28 eV. [E, hy, N3l

K. Yoshiki Franzen, P. Erman, A. Karawajczyk, U. Koble and E. Rachlew-Kallne -
J.Elect. Spectrosc. Relat. Phenom. 79, 479-482 (1996)
Studies of decay processes following valence and core shell excitation of
small molecules. [E, hy, Nz, 02 H20, €02, CS2]
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Addenda. Part 2 (1980 - 1989)

M.Breitenstein. A. Endesfelder, H. Meyer and A. Schweig : Chem. Phys. Lett. 108,
430-434 (1984) ,
C1 calculations of e¢lectron-scattering cross sections for some linear
molecules. (T, N2, Fs, 03, (0, CpHz; first Born approx. ]

A. E. Bruno, U. Schubert, H. J. Neusser and E. ¥. Schlag : ChemfPhys.Lett.13l.31~36
{1986)
Resonantly enhanced 2 + 2 multiphoton ionmization specira of No via the
alll, state : A line intensity study. [E, hyv, N2l

K.L.Carleton, K. H. Welge and S.R. Lecne : Chem. Phys. Lett. 115, 492-495 (1985)
Detection of nitrogen rotational distributions by resomant 2 + 2 multi-
photon ionizatiom through ihe alTlg state. [E, hv. N3l

T.R. Gibson, I. R. Beattie, J.D. Black, D. A. Greenhalgh and S.N. Jenny : J. Raman
Spectrosc. 9, 361-368 (1980)
Redetermination of some of the spectroscopic censtants of the electironic
ground state of di-nitrogen 14Nz, '4N'5N and 13N, using coherent anti-
Stokes Raman spectroscepy. (E. hv, Nl -

C.Gorse, M. Cassiatore, M. Capitelli.S. De Benedictis and G. Dilecce : Chem. Phys.
119, 63-70 (1988)
Electron energy distribution functions under N, discharge and post-
discharge conditions : A self-consistent approach. [T, N2; B.Eq.]

D.M. P Holland and J.B.West : J.Phys. B20, 1479-1485 {(1987)
Photoionisation of N : Measurements of the vibrational branching ratios
for the X2Z .t state in the wavelength range 740 - T80 A. (E, hy, W3]

M. Jaszunski, A. Rizzo and D. L. Yeager : Chen. Phys. 136, 385-397 (1989)
A owlticonfigurational linear response study of No.
[T. N2: excitation energies}

U.XKaldor : J.Chem. Phys. 81, 2406-2410 {1984)
General-model-space perturbation theory : Excitation and ionization of
N». [T. No: MBRT. vertical excitation and icnization energies]

J.M. Lisy and W. Klemperer : I.Chem Phys. 72, 3880-3883 (1980)
Electric deflection studies of metastable acetylene.
{E, N2, C2H2, C2Da, CoHD; 4 - 20 eV]

]. 0ddershede, N. E. Gruner and G.H. F.Diercksen : Chem. Phys. 97, 303-31¢ (1985)
Comparison between equation of motion and polarization propagator
calculations. {T, No. COo: excitation energies and oscillator strength]

J.0ddershede : in_ Advances in Chemical Physics, Vol. 69 John Wiley & Sons
201-239 (1987)
Propagator methods. [review. T, Nz, Hs, C0O, 02, HCI, Clz, H20, €02,
CHgq, etc.; polarization]
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S.Pal,M.Rittby, R.J. Bartlett, D.Sinha and D. Mukherjee : J. Chem. Phys. 88,
4357-4366 (19883)
Molecular applications of multireference coupled-ciuster methods using
an incomplete model space : Direct calculation of excitation energies.
(T. Nz, C0]

D. Reuter, . E. Jenrings and J. W Brauit : J.Mol. Spectrosc. 115, 204-304 (1986)
The v = 1 « 0 quadrupole spectirom of Na. (E, hv, N2l

D. Stahe!, M. Leoni and K Dressler : §.Chem Phys. 79, 2541-2558 (1983)
Nonadiabatic representations of the ' ,* and 'II. states of the No
molecule. {T. N»]

T.Trickl,E.F. Cromwell, Y. T. Lee and A. 4. Kung : J. Chem. Phys. 91, 6006-6012 (1989)
State-selective ionization of nitrogen in the X2Xg* V, = 0 and V4 = 1
states by two-color (1 + 1) photon excitation mear threshold.

[E. hv, N2l

H -X. Wan. J. H Moore and J. A. Tossell : J.Chem. Phys. 91, 7340-7347 (1989) O

Electron scattering cross sections and negative ion states of silanme and
halide derivatives of silane. (E. Np, SiH4, SiF4, SiCla; 0.2 - 12 eV]

Addenda. Part 3 (1900 - 1979)

M. S. Banna aund D. A Shirley : J. Elect. Spectrosc. Reiat. Phenom. 8, 255-270 (1976)
Molecular photoelectron spectroscopy at 132.3 eV : Nz, CO, C2H; and 05.
[E. hy, Nz. co, C2H4, 02]

K.D. Bayes and G.B.Kistiakowsky : J. Chen. Phys. 32, 992-1000 (1960)
On the mechanism of the Lewis-Ravleigh nitrogen afterglow.
[E, hv, Nz]

K. H.Becker,E.H. Fink, ¥. Groth, W. Jud and D.Kley : Faraday Diss. Chem. Soc. No. 53,

35-51 (1972)
No formation in the Lewis-Ravleigh aftergiow.
[E, No: N atom recombination]

K. H. Becker, H. Engles und T. Tatarczyk : I.Naturforsch. 31a. 673-674 (1976)
Laserspektroskopische Untersuchungen an nichtstabilisierten N; (B3TIg,
v = 13) - Molekulen. {E, hv, N»l

J.Bendtsen : J. Raman Spectrosc. 2, 133-145 (1974)
The rotatienal and rotaticenal-vibrational Raman spectra of 4N, 14N15N
and 1°N,. {E, hv, N2: photographed, re = 1.097701 Al

¥W.M. Benesch, J.T. Vanderslice, 5. G. Tilford and P. 6 Wilkinson : Astrophys. ]

142,1227-1240 (1965)
Potential curves for the observed states of No below 11 eV. [T, N2l
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¥. Benesch, J. T. Vandersiice, S.G. Tilford and P. G. Wilkinson : Astrophys. J. 143,
236-252 (1966a)

Franck-Condon factors for observed transiiions im N2 above 6 eV,
[T, N2l

¥. M. Benesch, J. T. Vanderslice, §. G. Tilford and P.G.Wilkinsen : Astrophys. J.
144, 408-418 (1966b)
Franck-Condon factors for permitted transitions in Ns. [T, N»]

W.M. Benesch and K. A Saum : J.Phys. B4, 732-738 (1971)
The W3A . state of molecular nitrogen. [T, Ns]

R.Bleekrode : J.Chem. Phys. 49, 951-953 (i968)
Contribution of the study of "abnormal” rotaticnal energy distributions
in the C3T1y - B3II< bands of 4N, {E, hy. Nol-

R.Bleekrode : Physica 41, 24-26 (1969) -
Intensity alternations in the second positive bands (C3TI, - B3Il,)
of *¥N; and '5N,. {E, hv. Npj

D.R.Bosomworth and H.P.Gush : Can. J. Phys. 43, 751-769 (1965)
Collisipn-induced absorption of compressed gases in the far infrared.
Part 1. [E, hv, N, He + Ar, Ne + Ar, Hz, 02; 300 K. 77 K for N,

U. Bountempo, 5. Cunsolo, G. Jacucci and J.J.Weis : J. Chem. Phys. 62, 2570-2576
(1975) :
The far infrared absorption spectrum of No in the gas and liquid phases.
[E and T, hv, Np; 300 and 124 K in the gas phase]

¥.Brennen and M. E. Shuman : J. Chem. Phys. 66, 4248-4249 (1977)
Spectrum of the Lewis-Rayleigh nitrogen afterglow.
[E, hy. Nz; 4800 - 5900 A]

A. L. Broadfoot and S. P.Maran : J. Chem. Phys. 51, 678-681 (1969)
Electric transition moment for the N, Vegard-Kaplan bands. [E, hv, N3]

H. P.Broida and M. Peyron : J.Chem. Phvs. 32. 1068-1071 (1960)
Emission spectra of N, 02, and NO molecules trapped in solid matrices.
{E, hy, Na. 02 NO; liquid He temperature]

A D. Buckingham, R. L. Disch and D. A. Dunmur : J. An. Chem. Soc. 90, 3104-3107 (1968)
The quadrupole moments of some simple molecuies.
[T. Nz, CO. COS. Nzo. EIC.]

A. Budo : Z.Phys. 96, 219-229 (1935)
Uber die Triplett-Bandentermformel fur den allgemeinen intermediaren
Fall und Anvendung derselben auf die B3I1-, C3TI-Terme des N,-Molekuls.
[analysis, hy, N3

L.E. Bullock and C.D. Hause : J.Mol.Spectrosc.39,519-520 (1971)
Molecular constants of the B3IT and A®Z states of Nj. (T. N3]
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U. Beontempo, S. Cunsolo, G. Jacucci and J. J. Weis : ). Chem Phys. 63, 2570-2576
(19175)
The far infrared absorption spectrum of No in the gas and liquid phases.
(E. hv. Np; 300 and 124 K]

R J.Butcher,D.V.Willetts and W.J. Jones : Proc. Roy. Soc. London A324, 231-245
(1971)
On the use of a Fabry-Perot etalon for the determination of rotational
constants of simple molecules - the pure rotational Raman spectra of
oxygen and nitrogen. [E, hv, Ns, 053]

R.J.Butcher and W.J. Jones : I.Chem. Soc.Faraday Trans. I 70,560-563 (1974)
Study of the rotational Raman spectra of 14N!'°N and !'°N,, using a
Fabry-Perot ethalon. [E, hy, N5l

[.M. Campbel! and B. A. Thrush : Trans. Faraday Soc. 65, 32-40 (1969)
Some new vacuum ultra-violet emissions of active nitrogen
[E. hv. N3l

P.K.Carroll and N.D. Savers : Proc.Phys. Soc. London A66,1138-1144 (1953)
The band spectrum of nitrogen : New studies of the triplet systems.
[E, hV. Ng]

P.K.Carroll and H. E. Rubalcava : Proc. Phys. Soc. London 76, 337-345 (1960)
Rotational analysis of the 5 - 1 band of the B - B system of No.
[E. hv., N3] -

P.K.Carrol! : J.Chen. Phys. 37, 805-8069 (1962)
Note on the ®% % state of No. [T, Ns]

P. K. Carroll : Proc.Roy. Soc. London A272, 270-283 {1963) _
The structure of the Goldstein-Kaplan bands of Na. [E. hv. N2j

P.K.Carrol!l and R.S. Mulliken : J.Chem. Phys. 43, 2170¢-2179 (1965)
3T1 levels and predissociations of N, near the 12.135-eV dissociation
limit. (E. hy, N5l

P.KX. Carroll and K Yoshino : J. Chem Phys. 47, 3073-3074 (1967)
New Rydberg series of Np. (E. hv. N2

P.K.Carrol! : J.Chem. Phys. 58, 3597-3604 (1973)
Band structures in N, Rydberg complexes. (B, hv, N2l

P.K.Carroll and A. P. Doheny : I.Mol. Spectrosc.50, 257-265 (1974)
The Herman-Kaplan system of Nz : High resoluiion studies. [E. hv, N;]

V.L.Carter and J.Berkowitz : J.Chen. Phys. 59, 4573-4577 (1973)
Photoionization vields in N> in the band series from 734 to 796 A.
(E. hv, N2l

D.C.Cartwright and T.H. Dunning Jr.: J. Phys. B7, 1776-1781 (1974)

Vibrational matrix elements of the quadrupole moment of N (X'Zg*).
[T, Nzl
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.S.Cederbaun and W. Domcke : J.Chem. Phys. 64, 603-611 (1976)
A many-body approach to the vibrational structure in molecular electronic
spectra. I. Theory. [T, general theory; I see W.Domcke {1976)]

_1.Chan, M. R. Baker and N.F.Ramsey : Phys. Rev. 136. AI224-A1228 (1964)
Molecular-beam magnetic-resonance studies of the nitrogen molecule.
[E, N»]

.Chandraiah and G. G. Shepherd : Can. }. Phvs. 46, 221-226 (1968)
Intensity measurements in emission of 18 Vegard-Kaplar bands of No.
[E. hv . Nz]

.K.Ching, G. R. Cook and R. A. Becker : J. Quant. Spectrosc. Radiat. Transf.
,323-330 (1967)
Oscillator strengths of the a., w. and C bands of No. (E, hv, Ng}

.Chutjian and J.M. Ajello : J.Chem. Phys. 66. 4544-4550 (1977)
Stedies of Ar and N- using threshold photoelectron spectroscopy by
electron attachment (TPSA}. (E. hvy. Nz, A1)

.Codling : Astrophys.J. 143, 552-558 {1966)
Structure in the photo-ionization continuvum of N, near 500 A.
(E, hy, Np; 100 - 600 A]

.E.Cole and R.N.Dexter : J.Quant.Spectrosc. Radiat. Transf. 19, 467-471 (1978)
Empirical photoabsorption cross sections for C, N, 0, F and Cl obtained
from molecular measurements between 50 and 340 A.

[T, hv. Nz, F. CI, C, N, 0, 0 NO, N,0]

.R. Cook, M. Ggawa and R. W Carison : J.Geophys. Res. 78, 1663-1667 (1973)
Photodissociation continuums of Nz and 0. [E, hv, Nz 0¢]

.Coster und H.H:Brons : 1. Phys. 73, 747-7174 (1932)
Die negativen Stickstoffbanden. (E, hv, Nl

.Coster, F. Brons und A van der Ziel : I.Phys. 84, 304~334 (1933)
Die sogerannte zweite positive Gruppe des Stickstofispektrums.
[E. hV, Ng]

.Coster und F. Brons : Z.Phys. 97, 570-572 (1935)
Zur Deutung der Storungen in den zweiten positiven Stickstoffbanden.
[E. hy, Nz: see D.Coster (1933)}

.Courteis and P.Jouve : J.Mol. Spectrosc. 55. 18-27 (1975)
Electric field induced infrared spectrum of nitrogen. Vibrational
polarizability matrix elements. {E. hv. N5

.Covey. K. A. Saum and W. Benesch : J.Opi.Soc. Am. 63, 592-596 (1973)

Transition probabilities for the W?A, - B3T1z system of molecular
nitrogen. [E, hy, Nj]
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M.F.Crawford, H. L. Welsh and J.L. Locke : Phys. Rev. 75, 1607-1607 (1949}

Infra-red absorption of oxygen and nitrogen induced by intermolecular
forces. {E. hv. N2 05]

B.E.Cunio and R.E. V. Jansson : J. Quant. Spectrosc. Radiat. Transf. 8, 1763-1771

(1968)
The electronic transition moment of the No first positive sysiem (No 1PG).
[T. hv, Nz}

L.J.Curtis and P. Erman : J.Opt. Soc. Am. 67, 1218-1230 {1977)

Distortion effects in measurements of long optical lifetimes.
[E, Mo, CO; alllg, v =1 for No. 120 g s]

A.Dalgarno and R. J.Moffett : Proc.Natl.Acad. Sci.India A33, 511-521 (1963)
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Some Comments on Electron Collision Cross Sections for N»

Electron collision cross section set of elastic, rotational! excitation,
vibrational excitation, electronic excitation, dissociation and ionization
collision for mitrogen molecule are reported by many authors. An example is
given by A.V.Phelps (1985a) and (1985b). Apmother cne is given by Y. [tikawa
(1986) .

Recently, we have pointed out at Iniernational Symposium or Electron-
Molecule Collisions and Swarms, Tokvo ithat we cannot measure the exact values
of electron collisior cross sections for all molecules at present (M. Hayashi
(1999)). For N2, target molecules of beam and swarm experiments are mixture
of No{g), No(r) and small amount of No(v) molecules. The concentration of
No{v} increses with high temperature. Electron collisionr cross section sets
for No(g). Na(r) and No({v) are different each other. Nitrogen is the homo-
nuclear diatomic molecule. Then differences of cross section sets for No(g),
No (r) and No{v) are not so large., compaired with triatemic or polvatomic
molecules, and concentration of Np(v) is little. So we can assume that all
cross section sets of No(g), Nz(r) and Np{v) are equal approximately. We can
use these cross section sets of No for many applicatioms. But if we want
more exact cross section sets for N, we have to determine these cross
section sets separately and independently.

Theoreticians calculate the cross section set for M(g), not for M(r} and
M{v) for mest molecules. Theoretical values for M{r) and M(v) are urgently
required for many molecules.

The experiments of Np + hy are also carried out in the mixtures of Nz (g
N, (r) aed No(v) molecules. Then obtaired results have the temperature
dependence. But temperature effects are also not so large for N2, compaired
with triatomic or polyatomic molecules.

Author would like to present our conference report at the end of this
report.

M.Hayashi and Y.Nakamura : International Symposium on Electron-Molecule
Collisions and Swarms, EMS-99, Tokyo 175-176 (1999)

The review paper,
Y. Itikawa, et al.: J.Phys. Chem Ref.Data 15,6 985-1010 (1986)

is a useful and convenient report for No, molecule. This report is not shown
here.



May We Measure the Exact Values of
Electron Collision Cross Sections
for Molecules by Beam and Swarm
Experiments 7

M. Havashi and Y. Nakamura®

Gasepus Electronics Institufe

4-15-14-503 Sakae, Nakakp, Nagoya {60-0008 Japan
FFaculty of Science apd Technology., Keio University
J-14-1 Hiyoshi, Yokohama 223-8522 Japan

¥We cannot measure the exact values of DCS for molecules intrinmsically.
Of course, we cap measure the approximate values of DCS for molecules, but
can measure the exact values of DCS for atoms. The reason is very simple.

Target molecule M in both beam and swarm experimentis consists of the
mixture of different states : ' :

M= M + M(ry) + M{vi) + Mn
where M(gl, M(ry), M(vy) and Mn represent the completely ground state
molecules, the rotationally excited molecules, the vibrationally excited
molecules and the van der Waals clusiers consisting of N molecules (N=1),
respectively. DUsually beam and swarm experiments are carried out at about
300 K. The concentration of M (g} is small compared to M(rs) (except Hs
molecutes) at 300 K. Then the molecale M is always mixture of M{r;) and
M(vy), and the concentration of M(r,) ‘and M({vi) changes with temperature.
And electron collision cross section seis from elastic to inelastic
collision processes for M(r) and M(v) are different each other. The target
molecules M in the beam and swarm experiments are always mixtures of
different molecules M(ry) and M{vy). In the case of Hz, the target gas
consists of M(g) and M(ry), especially M(g) and M(r,) at 78 K.

Most clear change of cross sections of M(r;) and M(vi) will occur for
triatomic melecules. €Oz, N.0 and so on. Triatomic molecules can change
from Jinear te bend, or vice versa easily. The authers [1] have presented
the different elastic momentum transfer cross sections Qmr and Qumv for
€02 (r) amd COa(v). where they assuomed that all other inelastic cross
sections of COz(r} apmd {0,{v) are practically the same. Then they have
calculated the electron drift velocity W as 2 fenction of gas temperature
T. When T increas, concentrations of COz(v) increases, them ¥ decreases
with T at the same E/N, the electric field over the gas number density
around 50 Td.

¥e have a comment to the interesting and important paper of ¥. Johnstone,
et al. [2]. They have measured the temperature dependence of elastic DCS
for €0, at 4.0 eV. Unfortunitly, aQmv for CO2{v) at 4 eV is almost equal to
Qur for CO2(r) [1]. Then we propose the same experiments at about 3.4 eV
for CO;, because the temperature dependence of DCS seems to be very large
there. .

Winstead and McKoy [3] calculated the elastic DCS for NoO(g) at low
electron energies and compare the experimental DCS data for N20(r) +
N2O(v) mixture at 300 K. We can see large discrepancy between them at
lower than about 10 eV. We urge Winstead and Mckoy to calculate the DCS
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for N»O{v) and also N0(r) for comparison. ¥e cah see the same discrepancy
of DCS for €O, {4] (5] at low electron energies..

H, molecules have the famous long standing controversy in the vibra-
tional excitation cross section [6). . A possible way to solve the problem
may be as follows. Al first, theoreticians calculate the Qma, Qor. Qav.
Qrs. Qrr. Qrv. Qvg, Qvr. 204 Guvv for Ho(g), Ho(ry) and Ho{v4), as a
function of electron energies. Using these data, we calculate the electron
swarp parameters. From beam experiments, 'we capnotl determine the values of
Qoe. Qmr, Qrg, Qrr for Hz{g) and Hp (ry)} at the same time. It is clear that
the threshold energies of gr and qv for Hza{g) and H2(ri) are different. -
Bhattacharyva. et al. [7] have shown that elastic integral cross sections
Ger are larger tham qes for 20 to 200 eV for Ho(g) and Ha(r,). We want
the elastic DCS values for Ho (g} and Hz{rq) at low electron energies
Jower than 10 eV. Swarm experimenis also carried out im the mixtures of
H, (g) and Hp(r4). except for para-Hp(g) at 78 K (concentration of Hj(g)
is 99.3 %). We compare the experimental and calculated swarm paramelers
at given conditions.

Usually, theoreticians calculate the DCS for M(g}. not for M(r,) and
M{vi). for most molecules. Theoretical studies invelving the rotation-
ally and vibrationally excited species are urgentiy required for many
molecules. There is a interesting paper given by A Jain [8].

I{ we have the cross section sets for excited inert gas clusters, we
can calculate the electron swarm parameters of imert gases at high
pressure and low temperature conditions. The concentration of the
clusters for atoms and molecules are important at low temperature and
high pressure conditions. _

Most interesting temperature dependence occur for attachment cross
sections qa [9]-{13]. The values of non-dissociative qan and dissociative
Qaa are quite different for M(r) and M{v), and M(r) and M(v} have the
definit and individual cross sections, independ om the temperature.
Appareni temperature dependence of attachment cross sectior is caused
through different copcentration of the excited components M(r) and M(v)
at different temperatumres.
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