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Bibliography of Electron and Photon Cross Sections
with Atoms and Molecules
Published in the 20™ Century

——  Water vapour ——*

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 water vapour (H,O, D,0 and HDO). About 1200 papers
were compiled. A comprehensive author index is included. The bibliography covers the
period 1915 through 2000 for H,O. Finally, author's comments for electron collision
cross sections and photodissociation processes of H;O are given.

Keywords : H,O molecule, 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
probabilittes, lifetimes of excited states

* This work was carried out under the coliaboratlon research program at Natlonal
Institute for Fusion Science.



Introduction
History

This bibliography is the resuit 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 Nagoya Institute of Technolegy, Nagoya. From 1994, the work
continued to Gaseous Electronics Insititute, Nagoya. Im 1997, the collection
of photon c¢ross sectipon references was begun. The search for references in
both cases was retrospective and inciuded all papers reporting measurements,
theoretical calculations or reviews and data compilations of such cross
sections and electron swarm daia.

Scope

This bibliography contains references to original research papers which
report experiments or theoretical calculations of cross sections for electron
and photon collisions with water vapour Ho0. The review papers on this subject
are also included. Some water vapour molecule cluster papers are included,
Some conference reports, company or agency reports and PhD thesis are included.
Water vapour ion papers and positron collision papers are not included in
primciple.

Papers reporting the following data are included.

For electron collisien 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 elastic and inelastic cross sections)
9) metastable niirogen molecules
10) electron swarm parameters (drift velocity, diffusion coefficient)
11) excitationm and ionization coefficients

For photon collision cross sectio
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 usuvally 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 ultraviole! ray region. :

The bibliography includes the papers published in the 20th century, from
19061 to 2000. Oldest paper im this list is given by J.3§. Townsend (1915). So
for this water vapour bibliography, published papers from 1915 to 1999 are
compiled 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
recenily after compilation are added as ” Addenda of References for H>0 (1)
and (2) ". In total, about 1200 papers are compiled in the water vapour
molecule bibliography.

Organization

This report consisis of four parts : introduction, the bibliography and
its addenda, author index, and some comments on electrom collision cross
sectiomns.

Bibliography

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

E : Elastic collision

R : Rotational excitation

V :_Vibrational excitation

EX : electronic EXcitation

D : Dissociation

I :_lonization

A :_Attachment

ME : MEtastable argon

5 electron_Swarm .
0 : Others {photon cross sections and the others)

All avthors’ initials and surname, journal name, volume, inclusive pages and
year of publication are given 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, Hz20 are divided into two partis :

Part 1. 1915 - 1999 p. 1 - 178

Part 2. Addenda of References (i) and (2) published in 2000, plus
some old papers p. 79 - 104

Author Index

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

Part 1. 1915 - 1999 p. 1 - 13
Part 2. Addenda (1) p. 14 - 17

Some Comments on Electron Col!lision Cross Sections and
Photodissociation Processes for Ho0
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References for He0, HDO and D20
and radical OH and OD (1900 - 1999}

(Kater vapour, Deuterated water, Heavy water)

E : Elastic collision, : R : Rotationmal excitation,

V . Vibrational excitation, EX : Electronic excitation,

D : Disseciation, I : lonization,

A . Attachment, QT : Grand total cross section,
S : Swarm, @ : lomization coefficient,

0 : The others, [ ]: Additional informations,

E : Exp.. T : Theory.

The oldest paper in this list is given by J.S. Townsend {1915).

0 E.H Abramson, J. Zhang and D. 6. Imre : J. Chem. Phys. 93, 947-950 {199¢) -
A linear 'Bo state of the water molecule. (T. H20]

0 H.Agren,V.Carravetta.H.J.Aa.Jenseu,P.Id>rgenseh and J.Olsen : Phys. Rev. A47,
3810-3823 (1993)
Multiconfiguration [inear-response approaches to the calculation of

abselute photoionization cross sections : HF, Ho0, and Ne.
(T. hy. H0. HF. Ne]

0 R Akamatsu and K O-ohta : J.Phys. Soc. Ipn. 44, 589-597 (1978)
Semiclassical approach to the abnormal rotation of OH(A2ZE*) resulting
from Ho0 photodissceciation. (T, hyv, H.0}

0 M I.Al-Jobury and T. W. Turoer : J.Chem. Soc. 4434-4441 (1964)
Molecular photoelectron spectroscopy. Part (0. A summary of ionization
potentials. (E, hv, H20, D20, 0, C0, NO, H2S, CS5,. 50z NO2, N0,
C0z2. NH3, CHs - CsHiz, etc.]

E S.Altshuoler : Phys.Rev. 107, 114-117 (1957) -
Theory of low-energy electron scattering by polar molecules.
[T, H0. NB3; 8.36 - 1 eV]

0 R.D Amos : J.Chem Soc.Faraday Trams. I 83, 1595-1607 (1987)
Gegmetries, harmonic frequencies and infrared and Raman intensities for
H20. NHs and CH,. {T. H20, NHs, CHa]

0 P.Andresen and E.¥%. Rothe : Chem. Phys. Lett. 86, 270-274 (1982)
Laser photodissociation of H20 at 157 nm : Rotationmal energy distribution
in product QH(X2TI). [E. hv, Ho0]

0 P. Andresen, G. S. Ondrey and B.Titze : Phys. Rev. Lett. 50, 486-488 (1983a)
Creation of population invesions in the A doublets of OH by the
photodissociation of H-0 at 157 om : A poessible mechanism for the
astronomical maser. [E, hv, Ha0]

- H20 1 -



0 P.Andresen and E.W. Rothe : J.Chem Phys. 78, 989-990 (1983b)
Polarized LIF spectrascopy of OH formed by the photodissociation of HpO
by polarized 157 nm light. [E. hvy, H0}

0 P. Andresen.G. S. Ondrey. B. Titze and E.W. Rothe : J. Chem. Phys. 80, 2548-2569
(1984) -
‘Nuclear and electron dynamics in the photodissociation of water.
[E, hy, H,0]

0 P.Andresen and E.W.Rothe : J.Chem. Phys. 82 3634-3640 (1985a)
Analysis of chemical dvynamics via A doubling : Directed lobes in
proeduct molecules and transition states. (T, H20. HO, NO, etc.]

0 ©P.Andresen, V. Beushausen, D. Hausler, H. W. Lulf and E. %W.Rothe : J. Chem. Phys. 83,
1429-1430 (19850b) -
Strong propensity rules in the photodissociation of a single rotational
guantum state of vibrationally excited H20. [E. hv, Ho0(v)]

0 P.Andresen : Astron. Astrophys. 154, 42-54 (1986)
Classification of pump mechanisms for asfronomical OH masers and a maser
model for the Ho-0D photodissociation pump mechanism. [T, hv, H0]

0 P.Andresen and R Schinke : in Molecular Photodissociation Dynamics.
M.N.R.Ashfold and J. E. Baggott (Ed)., Roval Society of Chemistry, 61-
(1987)

EX V.Ya. Antonchenko, N. V. Gloskovskaya, V. V. Ilvin and K. Heinzinger : Ukr. 1. Phys.
{41.198~204) (1996)
Calculation of properties of a water molecule and its dissociation
products in the frame of the polarization medel. [T, H20]

I J.Appell and J.Durup : Int.J]. Mass Spectrom Ion Phys. 10, 247-265 (1973)
The formation of protons by impact of low energy electrons oh water
molecules. [E, H-0, D,0; 18 - 40 eV]

M.B. Arfa — M. Ben Arfa-

0 M.P.Arroyo and R.K.Hanson : Appl.0Opt. 32 6104-6116 (1993)
Absorption measurements of water-vapor caoncentration, temperature, and
line-shape parameters using a tunable [uGaAsP diode laser.
[E. hy, H20]

0 M. P Arrove,S. Langlois and R.K. Hanson : Appl. Opt.33.3296-3307 (1994)
Diode-laser absorption techrique for simultaneous measurements of
multiple gasdynamic parameters in high-speed flows containing water
vapor. . [E, hv, H20]

- H20 2 -



EX

M.

M

M.
‘Characterisation of the E!'B;(3da; < 1b;) Rydberg state of water by

N.

N.R. Ashfold, J. M. Bayley and R.N.Dixon : Chem. Phys. 84. 35-50 (1984a) -
Molecular predissociation dynamics revealed through multiphoton
ionisation spectroscopy. I. The C 'By states of Hz0 and D»0.

[E. hv. Hz0, D»0]

N.R. Ashfold. J.M. Bayiey and R N. Dixon : Can.J.Phys. 62 1806-1833 (1984b) -
The 4s < 1by, and 3d < 1b; Rydberg states of Hp0 and D20 -: Spectreoscaopy
and predissociation dynamics. fE, hv. H20, D;0]

N.R. Ashfold and J. M. Bayley : J. Chem. Soc. Faraday Trans. 86, 213-214 (1990)

resonance-enhanced multiphoton ionisation (MPI) spectroscopy. . [E D,0]

.Ashihara : 1SAS Report Ne. 530, Tokyo 1-18 (1975) -

The electron energy loss rates by polar molecules. 1}

Astoinm A Johannin-Gilles et B. Vodar .: Compt. Rend. Acad. Sci. 237, 558-561

(1953)

N.

Absorption de la vapeur d eau dans 1'ultraviolet extreme. [E. hv. Ho0]

Astoin, A. Johannin-Gilles et B. Vodar : Compt. Rend. Acad. Sci. 2492, 2327-2329

(1956)

Sur le spetre d absorption de la vapeur d eaw et d eau lourde dans
1"ultraviolet extreme. (E, hv. H20)

.Astoin : J. Res.Cent.Nat. Rech. Sci. 38, [-22 (1957)

Spectrographie dans l'ultraviolet extreme absorption de NO, N20, H»0,
et D20 (gazeux). [, Hs0. D0, NO, N20]

.Azria et F. Fiquet-Favard : Compt. Rend. Acad. Sci. B273, 944-947 (1971)

Sur 1'excitation de 1" eau par impact electronique entre 3 et 6§ eV.
[E. Hp0:; 3 - 6 eV]

.L.Bailey and E. E. Muschlitz, Jr.: Chem. Phys. Lett. 115, 519-521 {1985)

Resonant negative iom states of Ho0 as observed by measurement of the
OH (A?Z — X2I1) emission following near-threshold electron impact.
[E, H,0]

.A.Bailey and W. E. Duncanson : Phil. Mag. 10, 145-160 (1330)

On the behaviour of electrons amongst the molecules NHs, H,0.and HCI.
[E. H,0, NHs, HCI]

.D. Baker, C. R. Brundle and D.W. Turner ; Int.J.Mass Spectrom lon Phys..
, 443-454 (1968) '

Interpretation of photoelectron spectra, especially those of benzeme and
water. [E. hv. Hz0, CeHe. 0]

-G.Balint-Kurti and R N Yardley : Chem Phys.Lett. 36, 342-344 (1975)

Investigation of the B 2B, state of Ho0% using valence-bond technigues.
[T, H,0]

.G.Balint-Kurti : J.Chem Phys. 84, 4443-4454 (1986)

Dynamics of OH A-doublet production threugh photodissociation of water
in its first absorption band. I. Formal theary. [T, hv, H,0)

- H2¢ 3 -



M. S.Banna and D. A Shirlev : J. Chem. Phys. 63, 4759-4766 (1975)
Molecular photoelectron spectroscopy at 132.3 eV. The second-row
hydrides. [E. HQO. NHg. CHy, HE, Nel

E.F.Barker : Rev.Mod. Phys. 14, 198-203 (1942)
Spectra of simple molecules. The infra-red spectra of triatomic molecules.
{review, Hz20, €0, N20, 502, HCN]

G. Basavaraju, S. 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. H.0, CHs, C2H4, CoHs, CO. Nz, 02, CO2; 1 keV for H20]

A. Bauer. M. Godon and B.Duterage : J.Quant.Spectrosc. Radiat. Transi. 33,
167-175 (1985)
Self- and air-broadened linewidth of the 183 GHz absorption in water
vapor. (E, hv, H,0; 299 - 251 K]

A Bauver, B.Deterage and M. Godon : J.Quant.Spectrosc. Radiat. Transt. 36,
307-318 (1986)
Temperature dependence of water-vapor absorption in the wing of the
183 GHz line. {(E. hv, H20, Hz0 t+ Nz: 295 - 375 K]

A. Bauver. M. Codon, J. Carlier, Q. Ma and R.H. Tipping : J.Quant.Spectrosc. Radiat.
Transf. 50, 463-475 (1993) -

Absorption by Ho0 and H20 - N; mixtures at 153 GHz.

[E and T, hyv, Hz0, Hz0 + Nl

_¥.Baumann und R.Mecke : Z.Phys. 81, 445-464 (1933)
Das Rotationsschwingungsspektrum des Wasserdampfes. 1.
[E, hy, Ho0: 1. R Mecke (1933). II. K. Freudenberg {(1933)]

A. 0. Bawagan, L. Y. Lee, K. T. Leung and C.E. Brion : Chem. Phys. 99, 367-382 {1985)
An investigation of the valence orbitals of water by high momentum
resolution electron momentult spectroscopy. {E, H,0]

A. 0. Bawagan, C. E. Brion, E. R. Davidson and D.Feller : Chem. Phys. 113, 19-42 {1987)
Electron momentum spectroscopy of the valence orbitals of H20 and D20 :
Quantitative comparisons using Hartree-Fock limit and correlated
wavefunctions. (E and T, H20, D20]

A. 0. Bawagan and C.E. Brion : Chem. Phys. 144, 167-178 (1990)
A new methed for incorperating momentum resolution effects and defining

the momentum scale in eleciron momentum spectroscopy.
[E, H,0, D,0. Ar: see Addepda, A.0.Bawagan (1987)]

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

(E, H,0, C0,, Na. N20, S0, NHs, CFsH, etc.)

- H20 4 -



E V. I Bazhanov : J.Struci.Chem. 31, 540-544 (1990)

Calculation of intensity of high-energy electron scattering by molecules
of water and carben tetrachloride. (T, Ho0, CCl4]

E T.V.Bazhenova, Yu.S. Lobastov and A.D.Kotlyarov : Sov.Phys.Dok!. 21, 220-222
(1976)

EX

EX

EX

EX

EX

K.

C.

Cross section for collision of electrons with Hy0 molecules in a
thermally ionized gas behind a shock wave at T = 2500 - 3500 "K.
[E, H,0]

.E.Becker and S.H. Autler : Phys.Rev. 70, 300-307 (1946)

Water vapor absorption of electromaghetic radiation in the centimeter
wave-length range. [E. hv. Hy0]

Becker, B. Stumpf and G. Schulz : Chem. Phys. 53, 31-38 (1980a)
Polarisation of the OH (A2Z*, v'= 0 — X?II;., v''=0) fluorescence
produced electron impact on water vapour.

[E, H;0: OH emission, 11.9 - 500 eV]

.Becker, B. Stumpf and G.Schulz : Chem. Phys.Lett. 73.102-105 {1986b) -

Crossed-beam investigations of the QH(A2Z* — XZ2II;) emission spectrum
after dissociative excitation of water by electron impact.
[E, H,0; OH emission, 9.3 - 100 eV]

.Becker, B. Stumpf and G.Schulz : J.Phys. Bl4, L517-1522 (1981)

Polarised emission from highly rotational excited OH(A2Z*) radicals
produced by dissociative electron-impact excitation of Hszf).
[E. H,0] :

.Becker and G. Schulz : Can.l.Phys. 60, 1168-1175 (1982} -

Excitation and polarization analysis of the 0D {ragment radiation
produced by dissociative electron impact on D20. [E, Dp0; th.- 1000 eV]

I.M. Beenakker, F. J. de Heer,H. B. Krop and G. R. Mch!mann : Chem. Phys. 6, 445-454

(1974) -

Dissociative excitation of water by electron impact.
(E, H20: emission c.s. from OH, O and H, th - 1000 eV}

.J.M Beerlage and D.Feil : J.Elect.Spectrosc. Relat. Phenom. 12, 151-167 (1977)

A modified plane wave mode] for calculating UV photoionization cross-
sections. [T, hv, H20, Np, €0, HF, (CN)2, etc.]

.S.Belic, M. Landau and R. I.Hall : J. Phys. B14,175-190 (1981)OK

Energy and angular dependence of K~ (D") ions produced by dissaciative
electron attachment to Ho0{D20). (E, H.0, D20}

.Bell : J.Mol. Spectrosc. 16, 205-213 (1965)

The spectra of Hs0 and Do0 in the vacuum uliraviolet.
[E. hyv., Hz0, D20]

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

Isotope effect in resonant vibrational excitation of H20(D20), NHs (ND3)
CH,4 (CD4) . [E, Hz0, D20, NHs3, NDs, CHs. CD4]

- H20 5 -



0 W.S.Benedict : Phys. Rev. 74, 1246-124T7 (1948)
New bands in the vibration-rotation spectrum of water vapor.
[E, hv, H20]

0 .5 Benedict and E.K.Plyler : J.Res.Nati.Bur.Stand. 46, 246-265 (1951}
Absorption spectra of water vapor and carbon dioxide in the region of
2.7 microns. {E, hyv, Hz0, CQ5]

0 W.S5.Benedict, H. H.Claassen and J. H. Shaw : J.Res.Natl. Bur. Stand. 49, 91-132

{1952)
Absorption spectrum of water vapor between 4.5 and 13 microns.
{E. hv. Hz0]
0 W.S.Benedict.A M. Bass and E.K.Plyler : I.Res.Natl.Bur.Stand. 52, 161-176
(1954)
Flame-emission spectrum of water vapor in the 1. 9-micror region.
(E. hv. Ha0]

0 W.S.Benedict,N. Gailar and E.X Plyler = J.Chem Phys. 24, 1139-1165 (1956)
Rotation-vibration spectra of deuterated water vapor.
{E, hv, D20, HDO:; }.25 - 4.1 u]

0 W.S.Benedict and L.D.Xaplan : J. Chem Phys. 30, 383-399 (1959
Calculattion of line widths in H20 - N2 collisions. [T. hv, Hz0]

0 W.S.Benedict and L.D.Kaplan : J Quant. Spectrosc. Radiat. Transf. 4, 453-469
{1964) '
Calculation of line widths in H20 - H-0 and H20 - 0, collisions.
[T, hv. He0]

0 K D Bever und K. H Welge : Z Naturforsch. 19a, 19-28 (1964)
Photodissoziationen von Hz, No, 02, NO, CO, Ho0. CO> und NHs in exiremen
Vakuum-UV. [E, hv, He0, NO, etc.; <1000 A]

0 X.D. Bever und K.H. Welge : I Naturforsch.22a, 1161-1170 (1967)
Photodissoziation zu elektronisch angeregten Bruchstucken von Hp, Ha0D
und NH3 im extremen Vakwum-UV. 0. [E, hw, Hs0, Hp, NHz]

EX K. Bhanuprakash. P. Chandra. C. Chabalowski and R. J. Buenker : Chem. Phys. 138,
215-221 (1989} -
Theoretical study of the generalized oscillator stremgth for the A'Bi-X*Ay
transition in the water molecule. [T, H20]

S S.F.Biagi : Nucl.Instrum Meih. A283, 716-722 (1989) -
A multiterm Boltzmann analysis of drift velocity, diffusien, gain and
megnetiic-field effecls in argon-methane-water-vapour mixtures.
[T, Hz0 + Ar + CHs., cross section set for Ho0]

E R.Bijker, R.D. Amado and L. A.Collins : Phys. Rev. A42, 6414-6422 (1990)

Hybrid approach to electron scattering from polar molecules.
[T, rigid-rotor molecule]

- HI0 & -



EX

EX

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

Simple one-center calculation of breathing force constants and equilibrivm
internuclear distances for NHs, H-0, and HF. [T, HoD, NHs, HF]

M. Bishop and A. A.Wu : J. Chem. Phys. 54, 2917-2924 (1971a)

Investigation of the 'A; excited siates of water. [T, Ho0}

.M. Bishop and A. A.Wu : Theor. Chim Acta 21, 287-300 (1971b)

Ap investigaiion of the 'By excited states of water. [T. H,0]

.M.Bishop and L.M. Cheung : . Phys.Chemn. Ref. Data 11.119-133 (1982) -

Vibrational contributions to molecular dipoie polarizabilities.
{compilation, H20, HF - HI, DCI, CO, NO, CD., CS§,, N0, 03 O0CS, S50,
BCls. BFs, EBo(C0, NFs, NH3, PF3, PH3, CCl4, CF4, CHs, CHF3, SiHa,
GeHy, SFs, Cels, CsFe. ete. ]

_J.Blake and J.H Carver : J.Chem Phys. 47, 1038-1044 (1967}

Determination of partial photoionization cross sections by photoelectron
spectroscopy. [E, hv, Hz0, Ar. Hz, 0z, Nj!

M. Bobeldijk, W.J. van der Zande and P.G. Kistemaker : Chem. Phys. 179, 125-130
{1994} -

Simple models for the calculation of photoionization and electron impact
ionization cross sections of polvatomic molecules.
[T. H20, NH3, C3H5. CGHG, C10H22. EtC.]

L.P.Boivin, W. F. Davidson, R. §. Storey, D. Sinclair and E.D.Earle : Appl. Opt. 25,
877-882 (1986) ‘

Determination of the attenuvation coefficients of visible and uliraviolet
radiation in heavy water. {E, Ho0, D20; liquid?]

.C.Bolden and N.D.Twiddy : Faraday Discuss. Chemn. Soc. 53, 192-200 (1972) -

A flowing afterglow study of water vapour. {E. H20)

.A.Bolorizadeh and M. E.Rudd : Argonne Natl. Lah. Rep. No, 84-28, 52-53 (1984)

Absolute doubly differential cross sections for the ionization of water
vapor by electiron impact. [E. H20]

.ABolorizadeh and M.E. Rudd : Phys. Rev. A33, 882-887 (1986) XK

Angular and energy dependence of cross sections for ejection of electrons
from water vapor. 1. 50 - 2000 eV electron impact. - [E, Ho0; 15 - 150°]

.Bose and W.Sroka : Z Naturforsch. 28a, 22-26 (1973)

Dissociative excitation processes in H-o0. [E, H,0; 8th ICPEAC 357 (1973)]

.Bose : Phys.Lett. AB5, 402-404 (1978)

Electron impact resonances of the water molecules observed in the
A?2%* - X271, radiation of OH and 0D.  [E. H,0, D50]

.Bosschieter and J. Errera : J.Physiq. Radium 8. 229-232 (1937)

Intermolecular association and infra-red absorpiion of water.
[E hy, H20]

- HI0 7 -



R.Botter and J.Carlier : J.Elect.Spectrosc. Relai. Phenom. 12, 5566 (1977)
Spectre de photoelectrons et calcul des facteurs de Franck-Condon pour
H20. D0, HDO. [E, H20, D20, HDO]

L. Bouby and H. Abgrall : 5th ICPEAC, Leningrad 584-585 (1967) -
Attachment of thermal electrons to oxygen in the presence of varions
compounds as a third body
[E. 0p; third body H20, CzHs. CO0,, H25. NHz, CHsOH, etc. |
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The ionization and disseciation of water vapor and ammonia by electron
impact. {E, H20, NHs)
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N.H.March, A. Zecca and G. P. Karwasz : Z.Phys.D32 93-100 (1994) -
Phenomenology and scaling of electron scattering cross sections from
"alimost spherical” molecules over a wide energy range.

[T, Hzﬂ, NH3. SiH4. Cﬂq. H2S. GBH4. CF4]

D.Margreiter, H. Deutsch, M. Schmidt and T.D. Mark : Int.J. Mass Spectrom. lon
Process. 100, 157-176 (1990) -
Electron impact ionization cross sections of molecules. Part II.
Theoretica! determination of total (counting) ionization cross sections
of molecules : a new approach.
[T, H,0, H>, N2, 02, C0,, NHs, CH30H, SFs, Ca2Ha, C2Hg, CeHs. etc. ]

T.D. Mark and F. Egger : Int.J. Mass Spectrom. lon Phys. 20, 89-99 (1976) K
Cross-section for single jonization of H>0 and D20 by electron impact
from threshold up to 170 eV. [E, H20, D20]

T.D.Mark - in Electron Impact Ionization. Springer Verlag 137-197 (1985)
Partial ionization cross sections. [review]

T.D. Matk, Y. Batano and F. Linder : 1AEA Report, Chapter 3 (1994)
Electron collision cross sections. [compilation]

V.N.Markov : J.Mol. Spectrosc. 164, 233-238 (1994)
Temperature dependence of self-induced pressure broadening and shift of
the 643 - 550 line of the water molecule. [E, hv, Hz0: 439 GHzl

R.F.Mathis and D.A Vroom : J.Chem. Phys. 64, 1146-1149 (1976
The energy distributions of secondary electrons from Ar, N», H20. and Hz0
with clusters present. [E. Hz0, (Ha0}n. Ar, No; 1 keV]

D.Mathur and I.B.Hasted : Chem Phys.Lett. 34, 90-91 (1975)
Eleciron scattering by water and alcohol molecules. (E, H20, CH30H]

D.J.McCaa and D.E Rothe : AIAA J.7.1648-1651 (1969)
Emission spectra of atmospheric gases excited by an electron beanm.
[E, Hy0, H,, 05, X, CO, NO, CO2; 2800 - 6600 A)

I.E.McCarthy and E.Weigold : Phys. Rep. 27C, 275-371 (1976)
(e, 2¢) spectroscopy.
[review, H,0, He - e, Hz, Dz, N2, C0, NHs, CHs, C2Hgl

I.E.McCarthy and E. Weigold : Rep. Prog. Phys. 54, 789-879 (1991) -
Electron momentum spectroscopy of atoms and molecules.
[review, H20, N,, H, He, Ar, Na. Hz, NHa, CoHs; 500 - 1500 eV for No]

J.¥W. McConkey : Argonne Natl.Lab. Rep. No. 84-28, 129-141 (1984)
Optical excitation cross-sections for electron collisions with atoms and
molecules. {

K.E.McCullioh : Int.J].Mass Spectrom lon Phys. 21, 333-342 (1976)

Energetics and mechanisms of fragment ion formation in the photeionization
of normal and deuvterated water and ammonia. {E, hv, H;0, D,0, NHa]
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EX C.¥.McCurdy : in_AIP Coni. Proc. No. 295, 18th ICPEAC, Aarhus 360-370 (1993)
Recent theoretical results on electron-pelyatomic molecule collisions.
freview, Hp0. CsHg, NHas, CF4, CsHg, CHs, GeHy)

0 E.W. McDaniel, M. R. Flannery, E. ¥. Thomas and S.T.Manson : Atomic Data Nucl.
Data tables 33. 1-148 (1985)
Selected bibliography on atomic coilisions : Data collections.
bibliographies, review articles, books, and papers of particnlar tuterial
value. {

EX J.¥. McGowan, J.F. Williams and D.A. Vroom : Chem. Phys. Lett. 3, 614-616 (1969)
Lynan-a radiation from electron collisions with simple hvdrogen
containing molecules. [E, H20, D20, Hp, NH3. CHs, CgHs: th. - 200 eV]

0 R.Mecke : Z.Phys.81,313-331 (1933)
Das Rotationsschwingungsspektrum des Wasserdampfes. .
[E. hv. H20; Phys.Z.33. 833 (1932) and Naturwiss. 20, 657 (1932), see
¥. Baumann (1933))

A CE Melton and G. A Neece : J.Chem. Phys. 55, 4665-4666 (1971a) K
Cross sectioms for capture of low energy electrons in H0 vapor.
[E, H20:; 4 - 30 eV]

A C E Melton and G. A Neece : J.Am. Chem. Soc. 93, 6757-6759 (1971b) -
Rate constant and cross sections for the production of OH- from O~ and H-
in water. [E, H20; H-, 0~ production]

A C.E. Melton : J. Chem. Phys. 57, 4218-4221 (1972) K
Cross sections and interpretation of dissociative attachment reactions
producing OH-, 0~ and H- in H,0. (E, H20]

0 J.E.Mentall, G. R Mohlmann and P.M. Guyon : J.Chem. Phys. 69, 3735-3739 (1978)
H Lypan-a emission from photodissociation of H»0. [E. hv., H,0l

0 P H Metzger and G. R Cook : ). Chem. Phys. 41, 642-649 (1964)
On the continuous absorption, photoiomization and fluorescence of H-0,
NHs, CHs, C2Ha, CoHs, and C2Hg in the 600-to-1000-A region.
[E, hy. HQO,,CQH(,. EtC.]

0 W Mever : in_Modern Theoretical Chemistry, Vol 3, H. F. Schaeffer, I (Ed),
Plenum 442- (1997) :

[E. dipole moment]

0 L. Michalak, A. Adamczyk and E. Marcinkowska : Int.]. Mass Spectrom. Ion Process.
107, 6-19 (1991)
Temperature effect of ion/molecule reactions im a waer molecular beam
crossed by an electron beam. (E, H20; 100 eV, 343 - 873 K]
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.Michaud and L.Sanche : Phys. Rev. A36, 4672-4683 (1987a)

Total cross sections for slow-electron (1 - 20 eV) scaltering in solid
H-20. [E, solid Ho0]

.Michaud and L.Sanche : Phys.Rev. A36, 4684-4699 (1987h)

Absolute vibratiomal excitation cross sections for slow-electron (1 - 18
eV) scattering in solid H,O0. [E, solid Hz0)

_R.Mielczarek and K. J.Miller : Chem Phys.Lett.10, 369-370 (1971)
Dependence of generalized oscillator strengths of Hz0 on momentum transfer.

[E. Hs0: B<X, C<3Xl

J.H.Miller.¥.E. Wilson and S.T. Manson : Radiat.Prot.Dosim 13, 27-30 (1985)
Secondary electron spectta : a semiempirical model. (T, H-0]
J.H. Miller, W E. Wilson, S. T. Manson and M. E. Rudd : J. Chem. Phys. 86, 157-162
(1987) -
Differential cross sections for iomization of water vapor by high-
velocity bare ions and electirons. (T, Hz0}
K.J.Miiler.S. R Mielczarek and M. Krauss : J.Chem Phys. 51, 26-32 (1969)

Energy surface and genmeralized oscillator strength of the 'A” Rydberg
state of Hy0. [T, H20]

.H.Mittleman and R. E. von Holdt : Phys.Rev. 140, AT26-A729 (1965)

Theory of low-energy-electron scattering by polar molecules.
[T, Hz0, NHs, HCN: see S.Altshuler {1957))

.Mocca : J.Chem. Phys. 40, 2186-2192 (1964)

One-center basis seit SCF MO's. Il. Ho0, HzS and HCI.
[T, H,0, H,S., HCl; grand-state wavefunctions]

.Moccia and A. Rizzo : J.Phys.B18, 3319-3337 (1985)

Two-photon transition probability calculations : electronic tramsitions
in the water molecule. [T, H20]

. E.Moddeman, T. A. Carlson, M. 0. Krause, B. P. Pullen, W. E.Bull and G.K.Schweitzer :
.Chem. Phys. 55, 2317-2336 {1971)

Determination of the X-LL Auger spectra of Nz, 02, €O, N0, Hz0 and CO,.
[E. HzU, ND, C02. etc.}

.Mohanan and K. N. Joshipura : Z. Phys. D15, 67-70 (1990) -

Slow electron collisions with polar molecules in plasma.
[T, K20, HC!, HCN: DCS for rot.ex., 0.0l - 1 eV]

.C.Mohler and W.S.Benedict : Phys.Rev.74,702-703 (1948)

Atmospheric absorption of water vapor between 1.42 p and 2.50 o,
[E, hv, H20]
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_R.Mohlmann, S. Tsurubuchi and F.J. de Heer : Chem. Phys. 18, 145-154 (19763a)

Excitation cross sections for 3s. 3p amd 3d sublevels of atomic hydrogen
split from simple molecules by high-epergy electrop impact.
{E. H20. Hz. HBCl., NHs, CHq; 1000 and 2000 eV]

.R.Mohlmann, C. 1. M. Beenakker and F.J.de Heer : Chem Phys.13,375-385 (1976b) -

The rotational excitation and population distribution of OH(AZZ*)
produced by electron impact om water. (E. H»0]

.R.Mohlimann, K. B. Shima and F.J.de Heer : Chem Phys. 28, 331-341 (1978)

Productiion of H, D (2s, 2p) by electorn impact (0 - 2000 eV} on simple
hydrogen containing molecules. [E, H»0, Hp. HD, H,, HC!, NHs. CHs. CDs]

.R.Mohimann and F.J.de Heer : Chem Phys. 40, 157-162 (1979) K

Production of Balmer radiation by electron impact (0 - 2000 eV) on
smal! hydrogen containing molecules,
[E. H20. Hz, HCI, HBr, HQS, NH3, CH4: 20 - 2000 BV]

.Mollenstedt : Z.Naturforsch. 7a, 465-470 (1952)

Diskrete Energieverluste vor 3h-keV-Elektronen bei Wechselwirkung mit
Atomen und Molekulen. [E, H20, N2, 0o, Ho, He, CgHs, C02, etc.)

.D.Morgan and J.E Mentall : J.Chem. Phys. 60, 4734-4739 (1974)

VUV dissociative excitation cross section of Ho0, NHs and CH4 by eleciron
impact. [E, H-0, NH;, CHal

.A.Morgan : J.Phys. B30, 3709-3717 (1997)

Low-energy electron scattering from the X2F1 state of the OH molecule.
[T, 0H]

.A Morgan : J.Phys. B31,5003-5011 (1998) K

Eleciron impact excitation of water.
[T. H20; 3B1, 181. 3A1. 1A1. th. - 20 EV}

.L.Morgan : J.Chen. Phys. 80, 4564-4565 (1984)

Electron-ion recombination in water vapar. [E, Hz0; 0.005 - 0.13 eV}

.Morioka.K Maeda, K. Ito and T.Namiocka : J.Phys. B21, L121-L123 (1988)

Linear state of H,0 found from a VUV absorption band. [E, hy, Hz0]

.D.Morrison and J.C.Traeger : Int.J.Mass Spectrom. lon. Phys. 11, 77-88 (1973) -

lonization and dissociation by electron impact. I. H-0 and H;S.
[E. H20. H2S; 10 - 40 eV, Hz0*, OH*, 0* for Hz0]

.Mozumder and J.A.La Verne : J. Phys. Chem. 89, 930-936 {1985)

Range and range straggling of low-energy electrons : General considera-
tions and applications to Nz, 0o and Hz0. [T, H20, N2, 02: = 10 keV]

.Muller, Th. Bubel and G.Schulz : Z.Phvs.D25 167-174 (1993)

Electron impact dissociation of H20 : Emissior cross sections for OH*,
OH**, H*, and Ho0** fragments. [E, H,0]
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0 L.A Munoz, Y.Ishikawga and B.R Weiner : Int.J. Quant.Chen. : Quani. Chen. Sympo.
25, 359-370 (1991)
Kinematic distribution funclion to calculate rotational populations of
photofragments from photodissociation of triatomic molecules.
{T. H20, H35]

0 W.F.Murphy : J. Chem. Phys. 67, 5877-5882 (1977a)
The Ravleigh depolarization ratio and rotational Raman spectrum of water
vapor and the polarizability components of the water molecule.
[E and simulation, H-0]

0 W. F. Murphy : Mol.Phys. 33, 1701-1714 (1977b)
The ro-vibrational Raman spectrum of water vapour v and 2vo.
[E hV HzO}

0 W.F. Murphy : Mol. Phys. 36.727-732 (1978)
The rovibrational Raman spectrom of water vapour v s and v s.
(E and T. H20]

A E.E.Muschlitz Jr.and T.L. Bailey : J. Phys. Chem. 60, 681-684 (1956)
Negative ion formation in hydrogen peroxide and water vapor. The -
perhydroxide ion. [E, H0, ]

0 V. Nagali, 3.1 Chou, D. 5. Baer and R. K. Hanson : J.Quant. Spectrosc. Radiati. Transfi.
57, 795-809 (1997) -
Digde-laser measurements of temperature-dependent half-widths of H20
transitions in the 1.4 pm region. [E, hv, Hz0]

0 K. Nakamo. A. Saito and N.Ohashi : J.Mol. Spectrosc. 131, 405-406 (1988}
0.82-um diode laser linestrength measuremenis of the 2v, + vo t v3
band of H,0. [E, hv, H20]

0 H. Nakatsuji : Chem Phys.Lett. 67, 329-333 {(1979a)
Cluster expansion of the wavefunction. Electron correlations in ground
and excited states by SAC (symmetry-adapted-cluster) and SAC CI
theories. {T, general theory]

0 H Nakatsuji : Chem Phys.Lett.67, 334-342 (1979b)
Cluster expansion of the wavefunction. Calculation of electron

correlations in ground and excited states by SAC and SAC C1 theories.
[T, HQU. BH3] ’

0 H Nakatsuji and K.Hirao : I[nt.]. Quant. Chem. 20, 1301-1313 (1981)
Cluster expansion of the wave function. Electron correlations in singlet
and triplet excited states, iorized states., and electron attached states
by SAC and SAC-CI theories. (T, H20]

0 H. Nakatsuji : Theor. Chim. Acta 71,201-229 (1987)

Expopentially generated wave functions and excited states of benzene
[T Hzl] C5H5 Fz LIF CG]
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K.Narahari Rao, W.W.Brim V. L. Sionett and R.H. Wilson : J. Opt. Soc. Am. 52,
862-865 (1962)
Wavelength calibrations in the infrared. IV. Use of a 1000-lines-per-inch
Bausch and Lomb plane replica grating. [E. hv, H20: 1 - 40 n]

K.Narahari Rao,R. V.de Vore and E.K. Piyler : J.Res.Natl. Bur. Stand. 674,

351-358 (1963)
Wavelength calibrations in the far infrared (30 to 1000 microns).
fE. hv, H0, €0, HCN, No20]

G.A.Natanson : J.Phys. B18. 4481-4489 (1985)
Selection rules for rotational excitation of polyatomic molecules by slow
electron impact. [T, H20, H2C0, CoHgl

R.C.Nelson and W.5.Benedict : Phys. Rev. 74, 703-704 (1948)
Absorption of water vapor between 1.34 u© and 1.97 u. (E. hv. H20]

K. F. Ness and R E. Robson : Australian Bicentenary Cnﬁgress of Physics,
Gaseous Electropics, 297-297 (1988)
Transpor! properties of electrons in water vapgur. iT. H20]

K. F.Ness and R. E.Robson : Phys. Rev. A38, 1446-1456 (1988} O
Transport properties of elecirons in water vapor.
[T, Hz0; cross section set]

H. ¥evert and H. Clasen : I.Naturforsch. Ta, 410-416 (1952)
Massenspekirometrische Untersuchung von 3Ho, Sel,, PH3, SiH4 und GeHs.
[E, H20, NHs, SiHs, GeHs, CHs, PH3, HoS, HoSel

A.J.C Nicholson : J. Chem Phys. 43, 1171-1177 (1965)
Photoionization-efficiency curves. I, False and genuine structure.
[E, hv, K20, Xe, Kr, NO, N20, HC!, CHsCl, CoH4, CsHs, CoHa, Cells, CHa.
(D4, CoHs, C3Hg, etc.]

H.H. Nielsen : Phys. Rev. 59, 565-575 (1941)
The near infra-red spectrum of water vapor. Partl. The perpendicuiar
bands v and 2v,. (E, hv, H0}

H. H. Nielsen : Phys. Rev. 62, 422-433 {1942)
The near infra-red spectrum of water vapor. PartIl. The parallel bands
Vs, Vi1t Vvs Vst vg and the perpendicular band v 1. [E, hyv, Ho0]

K.Niira : J.Phys. Soc. Ipn. 4, 230-233 (1949) -
On the excitation of H-0 molecule by impacti of fast electron.
[T. Ho0; th.- 330 eVY]

K.Niira : J.Phys.Soc.Jpn. 7,193-199 (1952)
On the abmormal rotation of OH radicals. [T, O0H]
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H. Nishimura : 11th 1CPEAC. Kyoto 314-314 (1979) -
Elastic scattering cross sections of Ho0 by low energy electrons.
[E, H20,: DCS, 30 - 90 eV, 10 - 1357]

H. Nishimura and X Yano : J.Phys. Sec. Ipn. 57, 1951-1956 (1988 OK
Total electron scattering cross sections for Ar, No, H20 amd D;0.
[E. H20. D20, Ar, No, 7 - 500 eV, 18 %]

H. Nishimura : Electron-Molecule Collisions and Swarms, Engelberg P47 (1997)-
Measurement of the total electron scattering cross sections of Hp0, HzS,
and NHs. [E, Ho0. NHs, H3S]

T.Nishimura and Y. Itikawa : J.Phys. B28.1995-2005 (1995) -
Electron-impact vibrational excitation of water molecules.
[T, Ho0: (100}, (010}, (001} modes. DCS, & - 50 eV]

A -F.Niu. Y. Zhang, W. -H. Zhang and J.-M. Li : Phys. Rev. A57, 1912-1919 (1997) -
Near-threshold structures in inmer-shell photoabsorption processes of
CH4. NHs, H20, and HF. (T. hv. Hz0, CHs. NH3, HF]

N.Noda, S. Hirokura. Y. Taniguchi and S. Tanahashi : J. Vac. Sci. Tech. Al,
1430-1434 (1983)
Study of the discharge cleaning process in JIPPT-I torus by residual
gas analyzer.
[E, W20, CH4: dissociation rate coeff. for Hz0, 1 - 103 eV]

T.Nomura, K. Tanaka and Ya. Hatanmo : J.Phys.Soc. Jpn. 47, 1647-1650 {1979)
Ome center expansion SCF calculations on quark affinity to water molecule.
[T. H20] ’

D.W. Norcross : in Applied Atomic Collision Physics, Vol.5, Academic Press
69-85 (1982} -

Magnetohydrodynamic electrical power generation.

[T, H20; Qu. 0.1 ~ 10 eV] '

D.Nordfors, A. Nilsson, N. Martensson, 5. Svensson, U. Gelius and H. Agren :
.Elect. Spectrosc. Relat. Phenom. 56, 117-164 (1991) -

Y-ray excited photoelectron spectra of free molecules containing oxygen
(E. H;0, CHsOH, C-Hs0H, CH.0, €0, CD,, etc.]

—t

N.Oda : Radiat. Res. 64, 80-95 (1975a)
Energy and angular distributions of electron from atoms and molecules by
electron impact. (E. H20

N.0da and F.Nishimura : 9th ICPEAC, Seatile 1, 481-482 (1975b)
Double differential cross sectionms for iponizing collisions of electrons
with CHs, CO0, and H-0, [E, H20, CO. CHg4)

N.Oda and F.Nishimura : Studies of Atomic Collisions and Related Topics in
Ipn. No. 3, 12-13 (1977)
Energy and angular distributions of electrens from atoms and molecules
by electrom impact. {E. H,0; 500 eV]
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T. Dgawa, M. Taniguchi. K. Nakashima and H. Kawazumi : J.Phys. Soc. Jpn. 59,
393-897 (1990)
Distributions over the 4s, 4p and 4d sublevels and their emission cross
sections of the excited hvdrogen atom produced in e - CHg and Ho0
collisions. {E. Hz0, CHg4]

T.0gawa, N. Yonekura, T. Tasuda, §. Thara, T. Yasuda, H. Tomura, K. Nakashima and
H.Xawazumi : J. Phys. Chem. 95, 2788-2792 (1991)
Electron-impact dissociation of water as studied by the angular
difference Doppler profiles of the exciied hydrogen atom
[E. H»D]

T.Ogawa, §. lhara, N. Yonekura, T. Yasuda and K. Nakashima : Chem. Phys. 168,
145-150 (1992)
Formation cross sections, emission cross sections and Fano pleis of
translational-energy-separated excited hydrogen atoms (n = 3, 4)
produced in e - Hz0 collisions. [E. Ho0: 50 - 1500 eV}

H. Okabe : Photochemisiry of Small Molecules, Wiley (1978)

H. Okabe :.J.Chem Phys. 72, 6642-6650 (1980)
Photodissoctiation of mitric acid and water in the vacuum ultraviolet:
vibrational and rotational distributions of QHZZ*.
[E. hv., H20, HONOz; 1100 - 1900 A]

Y. Okamoto, K. Onda and Y. [tikawa : J.Phys. B26, 745-758 (1993 -K
Vibrationally elastic cross sections for electron scattering from water
molecules. (T, H0: 6 - 50 eV]

—

.J.0livero, R.W. Stagat and A E. 5. Green : J. Geophys. Res. 77, 4797-4811 (1972)
Electron deposttion in water vapor, with atmospheric applications.
[T, H,0]

T.N.Olney, N. M. Cann, G. Cooper and C. E. Brion : Chem Phys. 223, 59-98 (1997) -
Absolute scale determination for photeabsorption spectra and the
calculation of molecular properties using dipole sum-rules.

(review, hv, H20, He - Xe, SiHa, SiFs, etc.; 52 smali moleculies]

Y. Ono, H. T. Lion and J.T. Moseley : 14th ICPEAC, Palo Alto 275-275% (1985)
Dissociative attachment of electrons by excited intermediates of resonant
multiphoton iomizatioh process. {E, hv. Hz0. NO, S50-]

C.B.Opal.W.K. Peterson and E.C. Beaty : }.Chem. Phys. 55, 4100-4106 (1971a) -
Measurements of secondary-electron specira produced by electron impact
ionization of a number of simple gases.

[E. HQU. NH3. He - Xe. Hz. Nz. 02. NU. CO. CHq. C?HQ. COQ]

C.B. Opal. E. C. Beaty and W.K.Peterson : JILA report No. 108, Univ.of Colorado

1-117 (1971h)
Tables of energy and angular distributions of elecirons ejected from
simple gases by electron impact. {E, H20. etc.]
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C.B.0pal, E.C. Beaty and W. K. Peterson : Atemic Data 4.209-253 (1972) -
Tables of secondary-electron-production cross sections.
[E, Hz0, He - Xe, Nz, 02, Hp, CH4, NH3, CO, X0, CaHa CO2)

0.J.0rient and S.K.Srivastava : J. Phys. B20, 3923-3936 (1987 OK
Electron impact ionisation of H20, CO. COz and CHa. '
[E, H,0, CO. CO0,, CHa4l

J.L.Pack, R. E. Voshall and A.V.Phelps : Westinghouse Res. Labo., Research
Repori 62-928-113RI, 1-21 (1962a)
Tables of drift velocities of slow electrons in helium, neom, argon,
krypton, xenon, hydrogen, deuterium, nitrogen. carbon monoxide, carbon
dioxide, water vapor, nitrous oxide, and ammonia.
[E, H20. NHs, He - Xe, H2, Dz, Nz. co, C02. NQU]

J.L.Pack, R.E. Voshall and A.V.Phelps : Phys. Rev. 127, 2084-2089 (1962) OK
Drift velociiies of slow electrons in krypton, xenom, deuterium, carbon
monoxide, carbon dioxide, water vapor, nitrous oxide, and ammonia.

[E. Ho0, Kr. Xe. Dz, (€0, €02, N20, NHs]

J.L.Pack and A. V.Phelps : J.Chem. Phys. 45, 4316-4329 (1966)
Electron attachment and detachment. I . Mixtures of 02 and CO; and of 02
and H-0. [E, Ho0 + 0z, (02 + 02] '

J.L.Pack, R.E. Voshall, A. V. Phelps and L. E.Kline : 42Znd GEC, Palo Alto, E-14
(1989) ; Bull. Am. Phys. Soc. 35, 1809-1809 (1990)
Experimental and theoretical longitudinal electron diffusion coefficients
in molecular gases. [E and T. Ho0, NH3, D2, Nz, CO, COz2 N20, NO:]

R.H. Page, ].G. Frey, Y. -R. Shen and Y.T. Lee : Chem Phys. Lett. 106, 373-376
(1984)
Infrared predissociation specira of water dimer in a supersonic
molecular beam. (E, hy, (H20)]

R. H. Page, R. J. Larkin, Y. R. Shen and Y.T.Lee : J.Chem Phys. 88, 2249-2263 (1988)
High~resolution photoionization spectrum of water molecules in a
supersohic beam. [E. hy, Hz0, D»0]

C.H.Palmer,Jr.: J.Opt. Soc. Am. 47, 1024-1028 {1957a)
Long path water vapor spectra with pressure brozdening. I. 20 g to
3T o, [E, hy, H,0]

C.H.Palmer, Jr.: J.0pt.Soc. Am. 47, 1028-1031 (1957h)
Long path water vapor spectra wifth pressure broadening. . 29 g to
40 u. [E, hv, H20]

K. G. Paretzke : Argonome Natl.Lab. Rep. No. 84-28, 9-16 (1984)
Cross secttons needed for investigations into track phenomena and
Monte-Carlo calculations. [T. Ha0; 10 - 10* eY]

J.E.Parr and J. L Moruzzi : J.Phys.D5 514-524 {1972)
Eleciron attachment in water vapour and ammonia. [E, Ho0, NH;]
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0 H Partrige and D.W. Schwenke : J. Chem. Phys. 106, 4618-4639 (1997)
The determination of an accurate isotope dependent potential energy
surface for water from extensive ab initio calculations and experimental
data. [T. compilation, Ha0]

0 R W Patch : J.Quant. Spectrosc. Radiat. Transf. 5, 137-164 (1965)
Absolute intensity measurements for the 2. 7g band of water vapor in a
shock tube. [E, hy. H20]

0 J1.C. Pearson,T. Anderson, E. Herbst, F. C. De Lucia and P.Kelminger : Astrophys.].
379, L41-L43 (1991)
Millimeter- and submillimeter-wave spectrum of highly exclted states of
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1. Tennyson, N. F. Zobov, R. Williamson, @. L. Polyansky and P.F. Bernath : J. Phvys.
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Experimental energy levels of the water molecule.
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{2000)
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Final state distributions in the photodissociation of triatoemic
molecules. [review, Ho0, Ho5. CS,. S$0p. NO», 0s, etc.]
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Absorption coefficients of selected atmospheric water lines
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0 M.Braunstein and R.T.Pack : J.Chem. Phys. 96, 891-897 (1992)
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{1994)
New trends in the state-to-state photodissociation dynamics of HoO{A).
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John Wiley & Sons, 1-97 (1987)
Excited-state potentials.  [T. Hz0. HF, HCI, COz, CF2€la, CoHao N2 O2]

¢ G.A. Chamberlain and J.P. Simons : Chem Phys. Lett. 32 355-358 (1975)
Polarised photofivorescence excitation specirescopy : A new technique
for the study of molecular photodissociation. Photolysis of H20 in the
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0 M.S.Child : Acc.Chem. Res. 18, 45-50 ({1985)
Local mode overtone spectra. {T, hv. Hz0, CyH,, CHa, SiHsl

0 C.C.Chou, }.G. Lo and F. 5. Rowland : J.Chem. Phys. 60, 1208-1210 (1974)
Primary processes in the photolysis of water vapor at 174 nm
{E. hy ., Hz0]

0 D.F. Coker, J.R Reimers and R.0.Watts : Aust.J.Phys. 35, 623-638 (1983)
The infrared absorption spectrum of water.
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0 D.F.Coker.R E Miller and R.0.Watts : J.Chem. Phys. 82. 3554-3562 (1985} -
The infrared predissociation spectra of water clusters.
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0 D.F.Coker and R.0.Watts : J.Phys. Chem 91.2513-2518 (1987)
Structure and vibrational spectroscopy of the waier dimer using quantum
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0 E.R. Comben and J.M. Brown : Chem. Phys. 119, 443-454 (1988)

The high-lying rotational energy levels of the OH radical in the v = 0
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0 R.L Cook, F.C.DeLucia and P.Helminger : J.Mol.Spectrosc. 53, 62-76 (1974)
Molecular force field and structure of water : Recent microwave results,
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0 J.A Coxon : Can.J.Phys. 58, 933 (1980) see p. L5

¢ J.A Coxon and S.€. Foster : J.Mol.Spectrosc. 91, 243-254 (1982a)

Radial dependence of spin-orbit and A -doubling parameters in the X211
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0 J.A Coxon and 5.C. Foster : Can.J.Phys. 60, 41 (1982%b) see p. 15
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In pursuit of the ab imitio limit for conformation energy protolypes.
[T. H20. NH3, CoHs, etc.)
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Chemical "double slits” : Dynamical interference of phoiodissociation
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Dynamics, M.N.R.Ashfold and J. E. Baggott (Ed)., Roval Society of Chemistry,
Chap. 4, (1987)
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6, 241-275 (1966) :
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Energy partitioning and isotope effects in the fragmentation of
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.}.Heller : J. Chem. Phys. 68, 3891-3896 (1978b)
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Evidence from the limb infrared monitor of the stratosphere for nron local
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Time-dependent theory of Raman scattering. [T. hv, general theory]

Y. T.1ee and Y. R. Shen : Phys. Today 33 (11},52-59 ¢(1980)
Studies with crossed laser and molecular beanms.
[E, hy., (Hz0)n, n =13 - 6. ete.]

S.R.Leone : in Advances in Chemical Physies, Vol. 50, 255-324 (1982)
Photofragment dynamics. [review, H,0, H>S, (D2, S0, NHs, PHs. etc.}
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Increase of integrated intensities of Ho0 infrared bands produced by
hydrogen bonding. [compilation, hy, H,0]
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Photodissociation dynmamics of jet-cooled Ho0 and D0 in the non-Franck-
Condon regime : Relative absorptior cross sections and product state
distributions at 193 nm. (E, hv, H20, D20]

L. A. Pugh and K. Narahari Rac : in Molecular Spectroscopy, Molecular
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R.B.Shirts : J]. Chem. Phys. 85.4949-4957 {1986)
Decoupling of the local mode stretching vibrations of water through
rotational excitation. 1. Quantum mechanics.  [T. Ho0]
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Infrared vibrational predissociation spectroscopy of water clusters by
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€. Claveau, A. Henry.D. Hurtmans and A. Valentin : J. Quant. Spectrosc. Radiat.
Transf. 68, 273-298 (2001)
Narrowing and broadening parameters of H.0 line perturbed by He, Ne, Ar,
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[E. hv. H20]
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(2600)
Argon-induced haifwidihs and line shifts of water vapor transitions.
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R.R. Gamache and J.-M.Hartmann : J. Quant. Spectrosc. Radiat. Transf. 83,
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T. K. Ghanty and S.K.Ghosh : J.Chem. Phys. 118, 8547-8550 (2003)
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S. A Harich, D.W. K. Hwang, X. F. Yang, J. J. Lin, X. M. Yang and R. N.Dixon : J. Chen.
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C.P. Lawrence and J.L. Skinner : J.Chem Phys. 118, 264-272 (2003)
Vibrational spectroscopy of HOD in liquid Dp0. IH. Spectral diffesion,
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(T. hv., HOD: IV see A Piryatinski (2003a))
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A Lucchesini.S. Gozzini and €. Gabbanini : Eur.Phys.J. D8, 223-226 {2000)
Water vapor overtones pressure broadening and shifting measurements.
[E. hV, HQO]

L.Moretti, A Sasso. L. Gianfrani and R. Ciurvle : J.Mol.Spectrose. 205, 20-27
(2001)
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photon echoes. [T, hy, HOD: IM see C.P. Lawrence (2003)]

A Piryatinski, C. P. Lawrence and J.L.Skinner : J. Chem Phys. 1!8, 9672-9679
(2003b)
Vibrational spectroscopy of HOD in liquid D20. V. Infrared three-pulse
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R.Schermaul, R. C. M. Learner, D. A. Newnham, R. G. Williams, J. Ballard, N. F. Zabaov.

D. Belmitoud and J. Ternyson : J.Mol.Spectrosc. 208, 32-42 (2001)
The water vapor spectrum in the region 8600 - 15000 c¢m~'. Experimental
and theoretical studies to a new spectral line database. [E, hv, H20]

D. W. Schwenke : J.Chem. Phys. 118, 6898-6904 {2063)
First principles prediction of isotopic shifts in Hs20.
[T, hv. H0]

D.W.Stevert, W. F. Wang, J. M. Sirota, N. M. Donahue and D.C. Reuter : J.Quant
Spectrosc. Radiat. Transf. 72, 775-782 (2002)
Pressure broadening coefficients for rotatienal transitions of water in
the 380 - 600 co~*' range. [E, hv. H20]

D.W.Steyert, W.F. Wang, J. M. Sirota. N. M. Donahue and D.C. Reuter : J. Quant. -
Spectrosc. Radiat. Transf. 83, 183-191 {(2003)
Kydrogen and helium pressure broadening of water transitions in the
380 - 600 c¢m ! region. [E, hv. Ho0 + (Hp. Hel}l
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1. 6. Adiks, A A Vinogradova and I.P. Malkov : J.Appl. Spectrosc. 45, 7T78-781

(1986)
Measurement of the absorption line parameters of water vapor im the
5 8 um region using a tunable laser diode spectrometer. [E, hy. Hz0]

S.Adler-Golden, J. Lee and N. Goldsiein : J. Quant. Spectrosc. Radiat. Transf{. 48,
527-535 (1992)
Diode laser measurements of temperature dependent line parameters for
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M.N. R Ashfold and R N.Dixon : Faraday discuss. Chem. Soc. 82, 193-194 (1986)
Discussion of photodissociation. [discussion, hy., H-0]

A. F. Aushev, N. F. Borisova, E. 5. Bykova, V.M. Osipov and V. V. Tsukanov : Opt.
Specirosc. 68, 700-701 (1990}
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V.G. Avetisov, A, [. Nadezhdinskii, A. N. Khusnutdinov, P. M. Omarova and
M.V.Zyrianov : J.Mol. Spectrosc. 160, 326-334 (1993)
Diode laser spectroscopy of water vapor in 1.8 pxm : line profile
Hmeasurements. (E, hv. Hs0]

R.J. Barnes, A. F. Gross and A.Sinha : J. Chem. Phys. 106, 12841287 (1997)
Accessing highly vibrationally excited states of water using double
resonance vibrationally mediated photodissociation. {E. hv. H0]

4. Bauer, et al.: J. Quant.Spectrosc. Radiat. Transf. 36, 307 (1986) see p. 4

A. Bauer, M. Godon, M. Kheddar, J. M. Hartmann, J. Bonamy and D. Robert : J. Quant.
Spectrosc. Radiat. Transf. 37, 531-539 {1987)
Temperature and perturber dependences of water vapor 380 GHz-line broad-
ening. (E, hv, H»0]

A. Bauer, M. Godon, M. Kheddar and J. N. Hartmann : J. Quant. Spectrosc. Radiat.
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Temperature and perturber dependences of water-vapor lime-broadening —
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A. Bauver, et al.: J.GQuant.Spectrosc. Radiat. Transf. 50,463 (1993) see p. 4

F.A. Blum K. W.Nill,P. L. Keliey, A. R.Calawa and T.C. Harman : Science 177,
694695 (1972)

Tutable infrared laser spectroscopy of atmospheric water vapour

{E, hv ., H,0]

M. Brouard, S.R. Langford and D.E. Manolapoulos ; J.Chem. Phys. 101, 7458-7467
(1994)
New trends in the state-to-state photodissociation dynamics of HoQ(A).
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The state-to-state photodissociaiion dynamics of HOD{A).
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C.A.Cantrell, A. Zimmer and G.S.Tvyndall : Geophys.Res. Lett. 24, 2195-2198
(1997) '

Absorption cross sections for water vapor from 183 to 193 um
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P.Cardinet, F. Severin, A. Valentin, M. L. Claude and A Henri : Compt. Rend. Acad
Sci.B284, 37-39 (1977)
Wavenumber. intensity and width of water vapour lines in the region of
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K. V. Chance, K. Park and K. M. Evenson : J. Quant. Spectrosc. Radiat. Transf. 59,
687-688 (1998) _
Pressure broadening of far infrared rotational transitions : 88.65 cm™?
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M.S.Child and L.Halonen : in Advances in Chemical Physics, 57, John Wiley
& Sons 1-58 (1984)

Overtone frequencies and intensities in the local mode picture.

[review, T, hv, H20, CzH», S02, NHs, CHa, SiHg, SFs, eic. ]

7.Chu, T.D. Wilkerson and U.N.Singh : Appi.Opt. 32, 992-998 (1993)
Water-vapor absorption line measurements in the 940-nm band by using a
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F.F.Crim M. C.Hsiao, J.L. Scott. A. Sinha and R. L. Van der Wal : Phil.Trans. Roy.
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State- and bond-selected photodissociation and bimolecular reaction of
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L.J.Dunne : Faraday discuss. Chem. Soc. 82, 190-191 (1986)
Discussion of photodisseciation. [discussion, hy, Hz0]

RS Eng, A R Calawa, T. C. Harman, P. L. Kelley and A. Javan : Appl. Phys. lett. 21,
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Collisional narrowing of infrared water-vapor transitions.
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R.S.Eng, P. L Kelley. A. Mooradian, A.R.Calawa and T.C. Harman : Chem. Phys. Lett.
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Some Comments on Electron Collision Cross Seciions and
Photodissociation Processes for Ho0

The pioneer work on electron collision cross section set for He0 is given
by J.J.Lowke in 1969. I have compiled the same set for H>0 includiog new data
two times. An example was shown in M. Hayashi (1989). This cross section set
is shown in Figure 1. The other cross section sets for Ho0 were presented by
many authors, N.Gee (1983)., M. Yousfi (1987), K.F.Ness (1988). §.F.Biagi
{1989), T.J.Dolan (1993}, M. Yousfi (1994, 1996) and so on.

Now | do not like these cross section sets. Reasopable and correct cross
section set have to calculate the temperature dependence of eleciron drift
velocities at high E/N by B.Eq. and MCS method. We have solved this problem
in the case of €0, and reported at the 51th GEC Conference, Maui, as shown
in this report. ‘
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Figure 1. Electron collision cross section sei for Hz0, assuming
all Ho0 motecules are in Ho0({g) state (M. Havashi, 1990). In all
~H20 + e experiments, Ho0 molecules are mixture of Ho0(g)., H0{(1r)
and Ho0(v). So this cross section set is not applicable for exact
calculations, and can use only for approximate applications.



In the case of Ho0, the concentration of Hp0(v) is small at 300 K. At high
temperature, the effect of Ho0(v) is important and interesting. '

All molecules have the component M(g). M(r), M({v) ard Mn (o = 2), depend
on the pressure and temperature condition of the experiment. Most interesting
experimental results occur im the triatomic molecules. -The change from
binear mode combinmation of three atoms to bend mode combination of three
atoms, or vice versa, occur very easy in the triatomic molecules by
vibrational excitation. .

Almost theoretical results of electron coliisiun cross sections for
molecules are for M{(g). Theoretical studies involving the M(r) and M{v) are
urgently required for many molecules. :

1 would llke to present our recent two conference reports at- the end of
this report.

M.Hayashi and Y. Nakamura : 51th GEC, Maui 265-266 (1998)
M. Hayashi and Y. Nakamura : EMS=99, Tokyo 175-176 (1999)

The photodissociation of H»0 in the first absorption band has been studied
in great detail by P. Andresen, R. Schinke, V. Engel, R.L Vander Wal. V.Staemmler,
F.F.Crim D.Bausler, and so on, both gxperimentally and theoretically.

Photodissociation processes consist essentially of two steps. The first
step is the absorption of a photon leading to the excited state. The second
step is the subsequent dissociation of this complex to the products. This
has been tested for several different initial vibrational and rotational
states,

: IR laser gxcimer laser
H20 [X1A1 (OUU)Ikakc] — HQO [X1A1 V1. Ve, V3)Jka kc' ] - OH (D, J) + H

The. experimental procedure ‘Tequire three laser&

1. H20 is vibrationally exc1ted to a well defined rotational state with a
tunable IR laser. This IR exc1tat10n is used to prepare single rotational
and vibrational states of Hp0 in the electronic ground state.

2. The prepared H:0 is bhotodissociated using 193 nm ArF excimer laser.

3. A third probe lager is used to determine the vibratiocnal state dlstrlbu~
lion of the OH product by laser induced fluorescence.

Details are not discussed here. Please find the selected papers from
this bibliography. Photodissociation-dyramics of Hz0 at 121.6 nm (Lyman-a
wavelength) have been studied by some authors. The results are also inter-
esting but complicated a little bit. ' -

The author would Iike to expect that the simitar studies-on electron
collision cross section experiments of single rotational and vibrational
states of Hz0 in the electronic ground state.
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The drift velocity of electrons in.catbon dioxide have been calculatéd at gas temperatures ranging -
from 193 to 573 K-and at E/N values up to 100 Td assuming that the gas was a mixture of the ground staté -
molecules and the vibrationally excited molecules and its mix ratio- depended on the temperature. The -
calculated drift velocities agreed well with the measurement of Elford (1980).

Generally, target molecule M in beam and
swarm experiments consists of the mtxture of
different states:

M= M)+ M)+ M(v)+ M, .

where M(g), M(r;), M(v;) and My represent the
ground state molecules, the rotationally excited
molecules, the vibrationally excited molecules and
the. van der Waals clusters consisting of N
molecules (N22), respectively. It is known that the
concentration of M(v;) increases with temperature.
For example, the concentration of COy(v;) in CO,

has been calculated to be 8.4 % at 313 K and.

26.5 % at 673 K, respectively [1,2]. This is due to
the low threshold energy (0.083 eV) of the lowest
vibrational excited level (010) mode. The
concentrations of rotationally excited molecules are
much larger than of "the_ .vibrationally excited
molecules. The concentration of the clusters are
important at low temperature and high pressure
conditions.

Most of theoretical calcula_trons of electron
collision cross sections have been performed for
pure M(g) target, not for the M(v) molecules.

A number of different electron collision cross
sections for molecules have been determined with
beam and swarm experiments. So far, in most of the
experiments it is implicitly assumed that the target
. molecules are all in the ground state, or electron
collision cross section set of M{g), M(r ) and M(v)

are almost the same. Strictly speaking, this -

assumption is not correct, and in particular, cannot
be applied to the molecules which have temperature
dependence. in electron collision cross sections.
Take _the CO, molecule The ground state
COy(g) is Imear but CO;(OIO) is bent and this has a
dipole moment, Eleetrqn collision cross section set

of CO,(g) and COy(v) are expected to be different,
each other. in fact, Buckman [3], Ferch {1] and
Strakeljahn [4] have determined the grand total

.cross section Q for COx(g) and COy(v) and found

that QT(V) of €O, are larger than QT(g) at the
electron energies lower than about 10 gV.
It seems to be quite difficult to determine

_ldirectly the electron collision cross section sets of
CO4(g) and COy(v) from ‘the beam and swarm

experiments. However if the cross section sets of
COx{g) and COy(v} are available, we can calculate
the electron swarm parameters of a known
concentration of CO,(g) and CO;(v) very easily.
Momentum transfer cross sections qum for COy(g) -
and CO,(v), which have been based on the
compilation of Hayashi [5] and recent experiments
of Nakamura [6] and Strakeljahn [4], are shown in
Fig. 1. Tentatively, we have assumed that all other
inelastic cross sections of COz(g) and. COy(v) are
practically the same [7,8)- At a given temperature

* the concentrations of CO«(g) and CO,(v) are known,

then we have c_aleulated. the values of electron drift
velocity W in CO,. The resuits dre shown in Fig, 2.

) ~The calculated W values at three temperatures are

in general agreement with the experimehtal data of
Elford [9].

Haddad [10] have discussed the |mportance of
the populations of vibrationally excited CO,

molecules already. They also have mentioned the
“contribitions due to €O, molecules in rotationai

states and have concluded that such states are not
likely to play a significant role compared with

- vibrationally excited molecules. ‘But.they could not
reproduce their experimental data for W at high.

E/N from the analysis.
A similar analysis on H;(g), Hy(r ) and Hy(v)
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also have to be started. The H; molecule have the
famous long-standing controversy in the vibrational

excitation cross section [11]. In the present paper,
-we propose to investigate and to measure the cross

sections for molecules not only in the ground state
but also in the excited states which should have

different cross sections from those in. the ground

state. Although the difference among the cross 7

section sets for Hy(g), Ha(r ) and Hi(v) may be

small compared with the CO, molecule since the H,

molecule is diatomic. Theoretical studies involving

the excited species are urgently required.
The term “temperature dependence. of -cross

section” may -not be appropriate. The molecules,

COs(g), COxr) and COy(v), have the definite and
individual cross section sets, and their
concentrations change with temperature. The
temperature dependence is cavsed through different
concentration of - the ‘excited - components at
different temperatures. Attachment cross section of
the excited molecules is quite different from the
ground state molecules for many attaching gases:

We wish to thank Professor H “Tawara for
valuable comments

100
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Fig. 1. The assumed elastic momentum transfer

cross sections. for the ground state (solid curve) and
vibrationally . excited - COz molecules . (broken
curve). , _
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May We. Measure the Exact Valuésrof
Electron Collision Cross Sections
for Molecules by Beam and Swarm

ts -7 :

Experimen
M. Hayashl aand Y. Nakamura®

Gaseous Eiecrronles Institute

{-15-14-503 Sakae, Nakaku, Nagoya 460- 0008 lapan
FFaculty of Sctence and Technology, Kefo University
‘3-14-1 Hiyoshi, Yokohama 223-8522 Japasn

¥e cannot measure the exact values of DCS for molecules lntrinmsically.
0f course, we can measure the approximate values of DCS for molecules, but
can measure the exact values of DCS for atoms. The reasen is very simple.

Target molecule ¥ in bolh beam and svarm experiments consists of the

mixture of dllferent states :
: = N(g) + Mlry) + N(vy) + Mn

vhere M(g), H(rJ} N{vy) and My represent the completely ground state
molecules, the rotationally excited molecules, the vibrationally excited
molecules and the van der Waals clusters consisting of N molecules (N&22),
respectively. Usually beam and swarm experimenis are carried out at about
‘300 K. The concentration of M{g) is small compared to M(ry). (except He
molecules) at 300 K. Then the molecule ¥ is always mixture of ¥(r,) and
M(vi), and the concentration of M{rs) and M(v() changes with temperature.
And electron collision cross section sets from elastic to inelastic _
collision processes for M{r) and M(v) are different. each other. The target
molecules N In the beam and.swarm experiments are always mixtures of
different malecules N(rs). and M(vy). In. the case of Ha2, the target gas
consists of N{g) amd M{r,), especially M{g) aud M(r,) at 78 K. ,

Nost clear change of cross sections of M(rs) and M(vi) will.occur for
triatomic molecules. COz, N20 and so op. Triatomic molecules can change
from tinear to bend, or vice versa easily. The authors [1] have presented
the different elastic momentum transfer ¢ross sections Qur 30d Qmv fOr
C02(r} and COz(v). where they assumed that ali other inelastic cross
sections of COz(r) and CO2(v) are practically the same. Then they have
calculated the electron drift velocity W as a function of gas temperature
T. When T increas, concentrations of C02(v) lncreases, them W decreases
-with T at the same E/N, the electric field over the gas number denslly.
atocund 50 Td.

¥e have a comment 1o the 1nleresllng and rnportant paper of V. Iohnslonm
et al. (2]. They have measured the temperature dependence of elastic DCS
for CO2 at 4.0 eV. Unfortumitly., Qmv for CO2(v) at 4 eV is almost equal 1o
Qms for CO2(r) [1]. Thep we propose the same experiments at about 3.4 e¥
for CO2, because the temperature dependence of DCS seems to be very large
there.

Winstead and McKoy [3] calculated the elastic DCS for NzO(s) at low
electron energies and compare the experimental DCS data for NgeO{r} +
N20(v) mixture at 300 K. We.can see large discrepancy between .them at
lower than about 10 eV. We urge Winstead and Mckoy to caiculate the DCS
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for N20 (v} and also Np0(r) for comparison. We can see the same discrepancy
of DCS for COz [4]) [5) at lovw electron energies.

Hy wolecules have the famous long sianding controversy in the vibra-
tional excitation cross section [6]. A possible way to solve the problem
pay be as follows. At first, theoreticians calculate the Qme. Qmr. Qmv,
Qrs. Qrz. Grv. Quvs., Qvr. 80d Qvv foOr Hz‘(g). Hz {ry) and Hi(h). as a
function of eleciron energies. Usiog these data, we calculate the electron
svatm parameters. From beam experiments, we caopnot determine -the values of
Qns. Qmr. Qre Qrr fOr Hp{g) and Ho(ry) &t the same time. If.ls clear that
the threshold emergies of gy and qv for Hz(g) and Hz'(ry) are different.
Bhattacharyya, et al. [T] have shown that elastic integral cross sections
Qe are larger thap qie for 20 to 200 eV for Hp{g) and H2(ry). We wani
the elastic DCS values for Hao(g) and Bz {ry) at low electron energies
lowér than )0 V. Swarm experiments also carried out in the mixtures of
H2 (g} and Ha(ry), except for para-Hp(g) -at“78 K (concentration of Hz(g)
is 99.3 %). Ve compare the experrmentai and calculated svarm parameters
at given cunditions

‘ Usuallvf theoreticians calculate the DCS for ¥(g), not for M(rs) and

N(vy), for most molecules. Theoretical studies involving the rotatlion-
ally and vibrationally excited species are urgently required for many
molecules. There Is a interesting paper given by A Jain [8].

It we have the cross section sets for excited inert gas clusters, we
cen calculate the electron swarm parameters of inert 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 tempersiure dependence occur for attachment cross
seclions qa [9]-[13). The values of non-dissociative qan and dissociative
Qaa ate quite different for N{r) and N(v), and M{r) and M({v) have the
definit and individual cross sections, independ om the temperatfure.
Apparent temperature dependence of attachment cross sectlon is caused
through different concentration of the excrted ‘components N(r) snd N{v)

at dilferent temperatures. '

(1] M. rlmshi and Y. Nakamura, S51th GEC, Maui. JTP7.07. z'ss (1993) C0,

M. Bickam “and D. Berd, F. Chém. Phys. 29. 517 (1958) SPﬁ,'et al.
Allan and S.F Wong.” Fhvw ReviE e A 4EF191 (1978) B,
M- Pearl, P.D.Burfow. 1.}  Fabr Fkanf atd 6. A. Gallup, J. Chem.Phys.

[9) w.
(10]

{11] -
102, 2737 (1995) CHsCl - ‘
{12] ¥ Wang L. G Christophorou and 1. Vergrugge J. Chem. Phys. 109, 8304

(1998) CCIF;
(13] L.G.Christophorou, 20th [CPIG, Prsa 3-13 (1991) review

(2] W.M.Johnston, N. J. Mason:-and ¥. R. Newell, J.Phys. B26, L1247 (1993) CO.
(3] C.Winstead and V.NcKoy, Phys. Rev. A5T, 3589 (1998) N0
[4] H. Tangkas, T.Ishikava,T. Masai, T. Sagara, L. Boesten, M. Tekekavwa,
Y. Itikiwa ané M. Kimura, Phys. Rev. A57. 1798 (1998) (O,
(5] J.C.Gibson, M. A. Green, K. ¥. Trantham, §. J. Buckman, P I. 0 Teubner and
M. ].Brunger, J.Phys.B32.213 (1999} CO;
[6] R.V.Crompton and M. A Morrisom, Aust.J.Phys. 46, 203 (1993) Hz ‘
[7]ngK Bhat facharyya DK Syanel and B. C. Saha. ths Rev A32 854 (1985)
(8] A Jain!-Z-Phys. D3 -TS3EI9E OB Sily : Hy
w .
M.
D.

— 176 —



Numbers of References

on Electron and Photon Collisions

with Atoms and Molecules

published in the 20th Century

2003. 12. 14.

Atoms (17) Molecules (51)
Ate A+ hy M+ e, M+ hy,
He o 2170 # 2 Hz, D2 2000 5 CHa 780
Ne 40 1140 # N2 2240 O .
At 18 1960 O P 1700 CF4 390
Kr a6 1000 Co 1190 CClq 210
Xe 54 1180 O NO 380 CCloF, 250
CHzC1 90
Li 3 459 Fs 190- O
Na 14 800 Cl, 360 O SiHy 230
) Bro 140 O SiF4 140
K 19 370 12 240 O Gqu' 50
Rb 3+ 220 .
Cs ss 370 HF 260 6 CzH4 370
: HC! 320 CHs0H 350
0 g 390 . HBr 200
HI 130 7 SFs 920 O
F 4 90
Cl 17 130 3 (€0, 1240 O -
H20 1200 O 3 C(.Heg 260
Cu 29 180 i CoFg 150
Cd 48 210 03 480 SizHs 70
Ba s 340 N20 450 ‘
NG, 350 9 .(CsHe 120
He eo 600 H2§ 2170 C-Hs0H 60
Sha © 290
€S2 260
0Cs 280 11 (sHg 190
not fimal, but C3Fg 100
finished mosily 4 C(CoH2 390
12 C4Fs 100
include electron NH3 509 Cels 240
"SWarm papers NF3 110 CeFs 100
BF 4 110
include BCis 90 60 Ceo 300
review papers PH5 80 :
H>CO 180 My + My 850

*

He (Ne) + e only. Not include Be(Ne) + hv papers.
(O The bibliography was published already.
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