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Bibliography of Electron and Photon Cross Sections
With Atoms and Molecules

Published in the 20™ Century

—  Carbon Dioxade *

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 carbon dioxide (COy). About 1,240 papers were
compiled. A comprehensive author index is included. The bibliography covers the
period 1901 through 2000 for CO,. Finally, author's comments for CO; electron collision
cross sections are given.

Keywords : CO> 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
Hisiory

This bibliegraphy is the result of a continning literature survey which was
begun around 1970 and originally encompassed only electron collision cross
section and electron swarm data. The organization respomsible for continuing
this survey is Nagova Institute of Technology, Nagova. From 1994, the work
continued to Gaseous Electronics Imsititute, Nagova. In 1997, the collection
of photon cross seciion refererces was begun. The seareh for references in
both tases 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 carbon dioxide C0. The review papers on this
subject are also included. Some nitrogen molecule cluster papers are included.
Some conference reports, cOmpany OF agency reporis and PhD thesis are included.
Carbon diozide ion papers and positron collision papers are not included in
principle.

Papers reporting the following data are included.

For eleciron collision eross section

elastic scattiering

rotational excitation

vibrational excitation

etectronic excitation

dissociation

ionmization

7) attachment

8) grand total scattering (sum of elastic and imelastic cross sections)
9) metastable nitrogen molecules

18) electren swarm parameters (drift velocity, diffusion coefficient)
11) excitatiom and ionization coefficients

TH G e T B
Pl L S

For photon collision cross section
1} photoabsorption
2) photoexcitation and fluorescence
5) photodissociation
4) photoiognization




For some related data
i) excitation and ionization energies
2) tramsition probabilities
3) lifetimes of excited states
4) others

The energy range for electrom cross section data is usuvally § - 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 uliraviolet ray region.

The bibliography includes the papers published in the 20th century, from
1901 :to 2080. Oidest paper inm this list is given by J.S. Townsend (1901). Sc
for this carbon dicxide bibliography, published papers from 1901 to 18399 are
compiled by alphabetical order of the first author’'s surname of the paper. And
the references published in 2000 and pius some old papers found very recently
after compilation are added as "Addenda of References for Carbon Dioxide
Molecule”. In total., about 1240 papers are compiled in the carbon dicexide
molecule bibliography.

Organizaticn

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

Bibliography

In this section the complete citation for all references are gives. Af
first follawing classifications are shown

E : Elasti¢ collision

R : Rotational excitation

V : Vibratiopal excitation

EX : electronic_EXcitation

D : Dissociation

I : lgnizaiion

A : Attachment

ME : MEtastable argon

3 electron_Swarm

0 : Others (photom cross sections and the others)

AVl amthors’ imitials apd surname, josrnal name, volume, inclusive pages and
year of publication are given as well as the title, and some additiona!l
information im the sauare dracket [ ]J. E amd T in the square brackel mean
experiment and theory



Bibliography for CO0, are divided ints two parts

Part 1. 1900 - 1999 5. 1 - 88
Part 2. Addenda of References published ir 2000, plus some old
papers p. &9 - 196

Author Index

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

Part 1. 1960 - 19939 op. 1 - 17
Part 2. Addenda 1 p. 18 - 21

Some Commezts o¢n Electron Cellision Cross Sections for CO-
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References for COs, (1990 - 1999)

{Carbon dioxide, Carbonic acid

E : Elastic collisicn, B : Roiatiomal excitation,

V : Vibrational excitation, EX : Electroaic excitation

D : Dissociation, I : Ionization,

4 - Attachment, 4T : Grand total cross section
S : Swarm, o : lonization coefficient,

0 : The others, [ ]: Additicnal informations,

E : Exp., T : Theory.

The oldest paper in this list is given by 1.8 Towzsend (1901).

_Abouaf R Paineau and F.Figuet-Favard . I.Phys. B9 303-314 {1976} K

Dissociative attachment in NO- and COs:.
[E, (0o, NOo; 3 - 4.8 eV for €03}

_L.Abrams : Appl.Phys.Llett. 25, 609-611 (1974)

Broadening coefficients for the P(20) €0, laser tramsition.
[E, hyv., C02]

S. Abubakar and J.H Shaw : Appl.Opt. 23.3310-3315 (1984}
Analysis of carbon dioxide bands near 2.2 pm 'E, hv. C0-]

_S. Abubakar : PhD Dissertation. Ohio State University (1985

Carbon dioxide band imtensities inm the 12.7 to 7.7 um region.
{E, hy, COQ]

_S. Abubakar and J. B Shaw : Appl. Opt. 25 1196-1203 (1986)

Carbon dioxide band intensities and line widths in the 8 - 12-4m region
[E. hy. C02]

_Adamczvk A J.H Boerbocm and M. Lukasiewicz : Int.J. Mass Spectrom Ion Phys.
,407-412 (1972) -K

Partial iounization cross sections of carbon dioxide by electirons
{25 - 600 V). [E, CO»; €O.*. COT, 0F, C*, 027}

Adamczvk K. Bederski aad L. Wojcik : Biomed. Environ. Mass Spectrom 16.

415-417 (1988) -

EX 1.

Mass spectromeiric investigation of dissociative ionization of toxic
gases by electrons at 20 - 1000 eV.

[E, €0.. N»0, NO. C0; partial iomiz.¢.s., 20 - 1000 eVl

M.Ajello : F. Chem Phys.55,3169-3177 (1971) X

Fmission cross sections of €0z by electiron impacf in the interval
1260 - 4500 A 1. (E. C0,]

-C2 1 -



.1 Aleksandrov : High Energy Chem. 15. 237- {1981)

o

A N. L Aleksandrov : Sov.Phvs.Usp. 31, 101-118 {1988 -
Three-hody electiron attachment to a melecule, {teview, (0o, 02, etc.]

S N.L Aleksandrcv azad I.V.Kochetov : Sov.J.Plasma Phys. 18, 828-833 (1992)
Electron transport coefficients in a weakly ionized plasma with
vibrationally excited molecules. [T, CO,, Nz (0]

S N.L.Aleksandrov and I.V.Kochetov : I.Phys.D26, 387-392 (1993
Electron transpori parameters in a weakly ilenized gas with vibraticnally
excited molecules. {T. C0o No, CO; 1 - 300 T4

S N.L.Aleksandrov and I.V.Xochetov : J. Phys.D29 1476-1483 (1996) -
Electron rate coefficients in gases under non-uniform field ard electron
density conditions. [T, €05, No. Ar)

§ S.R Alger and J. A Rees : J.Phys. D9, 2359-2367 (1978) -
lonization, attachment and megative ion reactions in carbon dioxide.
[E, C02]

0 M. I.Al-Foboury.D. P.May and D.W. Turner : J.Chem. Sec.Part IV 6350-6363 (1963)
Molecular photoelectron spectroscopy. Part 1V. The iomisation potentials
and configuraticns of carbon dioxide, carbon oxvsulphide, carbon
disulphide, and nitrous oxide. [E, hv, €0, CO0S, CSz, N20]

vV M. Allan : 15th TICPEAC, Brighton 93-104 (1988)
Resonant excitation of high vibraticral levels by slow electron collisions.
[E, C0., Ho, N, (0]

V M Allam : J.Elect. Spectirosc. Relat.Phenem. 48, 219-351 (1929) OK
Study of triplet states and short-lived negative ions by means of
electron impact spectroscopy. [review, C0s, Np, €0, CeHs. ete.]

S J.Allen and B.Rossi : Tech. Rep. MDD(C-448, US Atomic Energy Commision,
Oak Ridge 1-12 (1944)
Time of c¢oilection of electrons in ionization chambers. I, (o,,

§ N.L. Allen and B.A Prew : J.Phys. B3, 1113-1126 (1970) -
Some measurements of electron drift velocities in compressed gases.
[E, €02, No, Ar]

EX G.Allcock and J.W. McConkey : J.Phys. B9, 2127-2139 {1976 K
Metastable fragment production following electran impact on (0.
[E, C0-]

EX D.P.Almeida, G. Dawher and G.C.King : Chem Phys. Lett. 233, 1-4 {1995) -
Experimental aobservation of auteionizing transitions from the decay of
the *'3II, inner-shell excited states of carbon dicxide.

[E, COz: 320 - 950 eV]

- €0z 2 -
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S.Airoy and W. H Christiansen : Appl.Phys.Lett. 32 607-609 (1978) -
Observation of electron-neutral inverse bremsstrahlung in an electron-
heam-sustained discharge. {E, (05, N, Hol

H. Alvarez-Pol.1.Duran and R Lorenzo : J.Phys. B30, 2455-2464 (1997} -
On the cross section of low-energy electron collisions on CHs and COs.
[T, 0., CHz; 0.01 - 20 eV for C0:l

(. Apastasi, M. G. Sanderson, P. Pagsbherg and A Sillesen : J. Chem. Soc. Faraday
Trans. 90, 3625-3631 (1994)
Reaction of atomic oxvgen with some simple alkenes. Part 2. — Reaction
pathwavs ianvolving ethene, propene and (E)~but-2-ene at aimospheric
pressure.
[E. CO-: production of 0f(g) from CO-. CO2 + e = [L0z]1% — CO + 0]

D. Andrick, D. Danner and H. Ehrhardt : Phys. Lett. 294, 346-347 (1969a) -
Vibrational excitation c¢f C0- by dipole interaction with sicw electrons.
[E, CD,: relative DCS, 1.9 eV, 0 - 307!

D. Andrick : Dissertation, Universitat Freiburg (1969D)
Streupng niederenergetischer Elektronen an Neonatcmen und CO--Molekulen.
[E, COQ. Ne]

D.Andrick and F.H Read - J.Phys. B4, 389-396 (1971)
Angular disiributien for the excitation of vibroaic states by rtesconant
electron molecule reactions. [T, C0»; 3.6 eV, (100) and (010) modes]

Y.B. Anishchenko : JETP Lett. 43, 25-28 (1986)
Tonization of gases by 266-nm ultravieclet [ight.
[E, hy, (0. No, 0o, C2Hp: 295 K]

H. Anton : Arn. Phys. 18, 178-193 (1966)
Zur Lumineszenz einiger Molekulgase bel Anregung durch schnelle
Elekironen. I . [B, €05, Na, 02, No + 03]

Th. Antoni, K. Jung, H. Ehrhardt and E.S.Chang : J.Phvs. B19, 1377-1396 {1986) OK
Rotational branch analvsis of the excitation of the furdamental
vibrational modes of €O, by slow eleciron collisions.

[E, C02; DCS, 1.1 - 3.8 eV¥]

1. Appell, J. Durup et F. Heitz : in Advances in Mass Spectrometry, Voi. 3,
W.L.Mead (Ed), The Inst.of Petroieum 457-469 (19686)
Sur le seuil d apparition des ioms fragments produits avec exces
d'energie cinetique. {review, {0z, NO, No, (3Hs]

G.S. Argyroponlos and M. A.Casteel : J.Appl. Phys. 41.4162-4165 (1970
Table of interaction parameters for computation of ohm's law coefficients
in various gases. [f, {0, He, Ar - Xe, C0. No. 02, H:0, RO

E_ arie, N. LaCome et C.Rpssetti : Can. |, Phys. 50, 1800-1804 (1872}
Spectroscopie par source laser. 1. Etude experimentalie des infensities eof
largenrs des raies de la trassitisn 00°1-(19°0, 02°0); de CO-.
{, hy, COQ]

- €02 3 -
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M. Armenanie, V. Santoro, N. Spinelli and F.Vanoli : Tat.J. Mass Spectrom Ion
Process. 64, 265-273 (1985} -
Translational speciroscopy of (0. I. Kinetic energy distribution of
CO*" fragments. [E, C02]

M. Armenante, R. Cesaro, V. Santoro, N. Spinelli, F. Vancoli, G. Pe! Re, A. Peluso aad
S.Fitippi : Int.].Mass Spectrom lom Process. 87,41-50 (1989a) -

€0, electron dissociation iw the 18 - 46 eV range. A report of the

0* and CO* abundances. [E, C0-2]

M. Armenante, G. Arena, N. Spinelli and F.Esposite : I.Phys. B22, 2925-2933 (1989b} -
Influence of secondary processes on the fragmentation patterm of £02
by electron impact. [E, C0p: 18 - 44 eV]

M. Armenante, V. Berardi. M. C. Iasimone, N. Spinelli and R. Velotta : 18th ICPEAC,
Aarhus 340-340 (1993)
Dissoriative ionization of COz by electron impact in the range 40 - 150 eV.
[E, C0o: direct disso. and autoioniz.]

U. Asaf. [.T.Steinberger. J. Mever and R Reininger : J.Chem. Phys. 95, 4070-4073

f1991) K
Electron scattering in dense COp gas : Photoiomization spectra of CHal
perturbed by C0-. (E, C02]

R.K. Asundi, J.D. Craggs and M. V.Xurepa : Proc. Phys. Soc. London 8%, 967-978
{1963) K
Flectron attachment and ionmization in oxygem, carbon monoxide and carben
dioxide. [E, €0, 02, CO; th.- 100 eV for q:l

R.K. Asundi and ).D.€rages : in Atomic Cellision Processes, 3rd ICPEAL,
Londen 549-355 {1964)
Measurement of electron attachmeni and ionisation cross sections in
carbor dioxide. [E, CO2; 13 - 90 eV for ai, 2 - 9 eV for aal

T.Baer and P.M. Guvon : I.Chem Phys. 85, 4765-4778 (19386}
Autoionization and isgtope effect in the threshoid photcelectron spectrum
of 12C0, and 13C0-. [E, hv, CO0z]

§.L.Bahr, A. J. Blake, 7. H. Carver and V. Kumar : . Quant. Spectrosc. Radiat. Transf.
9,1359-1364 (1969)
Photoeleciron spectra and parfial photoicnization cross-seciions for
carhon dioxide. [E, hv, €02; 584 - 720 A]

T T Mnowdn
U

. L. Bahr, A J.Blake, J.H Carver, J. L. Cardner an
Radiat. Transf. 12 59-73 (1972)
Photoelectron spectra and partial photolonization cross secticns for NO,

NQO, €0, CO, and NHs. [E. hy, 502 NG, N0, (G, Nﬂgi

A W Farrma+r - T flrmart Kmantencn
G Y. AUmar I J.wBali. apCCLYGSC.

L]

¥.A. Bailev znd J.B. Rudd : Phil.Mag. 14, 1033-1046 (1932)
The bhehaviour of electrons in nitrous oxide
[E, ¥-.0: data compaired with COs]

- C02 ¢ -
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V. A Bailey and R H Healey : Phil.Mag. 19 725-746 (1935
The behavior of electrons in chiorine. TE, €0z t+ Cly, Clo, Clz + Hel

C.].Baker.D. R Hall and A. R Davies : J.Phys.D17,1597-1606 (1984) -
Electren energy distributions, transport coefficients and electron
excitation rates for RF excited CO; lasers. [1. €05l

J.B. Baker and A. W Williams : Ist ICGD, London 1, 21-25 {1970)-

A new apparatus for the study of pre-breakdown iocnization growth in gases.

[E, CO.: E/N = 90.3 - 96.3 Td]

I H. Baker : Thesis, University College of Swansea 1-110 (1973)
The influence of ionization, electron attachment and detachment on
electron swarms in gases. [E, €02]

J. K. Baker and A.W.Williams : J.Phys.E10, 547-551 (1977) -
A high-pressure iomrization chamber. [E, CO0>: E/N = 84.3 - 96.3 Td]

Y. B. Band angd K. F.Freed : J.Chen. Phys. 67. 1462-1472 (1977)
Bnergy distribution iz selected fragment vibrations in dissociation
processes iz poivatomic melecules. [T, hy., (0o, HCN, DCN]

j.Bardelay and P. Pinson : Phys.Lett. AT1, 427-430 (1879}
Calculation of vibrational excitatior im CO,, CO, No, He discharges.
[T, €0, CO, N,, Hel

J.N.Bardstey and F.H Reid : Chem. Phys. Lett. 2, 333-336 (1968}
Predicted angular distribution for resonmant scattering of electrons by
molecules. [T, €05, H», Nz, (0, NO, 02, CoH,, CeHel

}.N.Bardsley : J.Chem Phys.51,3384-3389 (1969)
Negative ions of N-0 and COs. T, £0,, Nz0]

$.M.Barneti{,N. ] Mason and W.R Newell : J.Phvs. B25, 1307-1320 (1292) -X
Dissociative excitation of metastable fragments by electron impact on
carbony! sulphide, carbon dioxide and carbor monoxide.

[E, C0,, OCS. CO: 40 - 60 eVj

D. M. Barrus, R L. Blake, A. J. Burek, K. C. Chambers and A. L. Pregenzer : Phys. Rev.
A20, 1045-1061 (1979)

K-shell photeoabsorption ceefficients of 02, CO2, €0, apd N0

[E, hy., C0p Oz C0, N20O]

M.J.Barton and A von Engel : Phys.Lett.324,173-174 (1970) -
Eleetric dissociation of COs.
[E, £0,: 3 - 10 eV. dissociation th. energy 6.2 eV}

G. Basavaraju, S. M. Bharathi, K. G. Bhushan, §. Maji and S.H Patil : Phys. Scr. 60,
28-31 (1999) -

A unified description of elastic high energy electron-molecule scattering

[T, COz, CO, CH4, CoHs, CoHe, N2 02, HoOf

- €02 5 -
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E.D. Baves,D. Kivelson and W.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. C0;, N2, No0, NHs, S0;, Ho0, CFsH, etc.]

P.Bavie, J. Vacquie and M. Bayle : Phys. Rev. A34, 360-371 (1386a)
Cathode region of a tramsitory discharge in CO0;. 1. Theory of cathode
region. T. €05l

P.Bavle, J. Vacquie and M. Bavie : Phvs. Rev. A34, 372-330 {(1986h)
Cathode region of a transitory discharge in C0,. II. Spatio-temporal
evolution. [T, €05]

E.C.Beaty, J. Dutton and L.C.Pitchford : JILA Information Center Rep. No. 20,

1-240 (1979) -
A bibliography of electron swarm data. [compilation]

D. C. Benner, V.M. Devi, C. P. Rinsland and P.S. Ferrv-Leeper : Appl. Opt. 27,

1588-1597 (1988)
Absolute intensities of CO, lines in the 3140 - 3410 c¢n~? spectral region.
[E, hv. CO; V.M. Devi — V.Malathy Devi]

S.¥. Bennett. J.B. Teilinghuisen and L.F. Phitlips : J.Phys. Chem 75, 718-T21

(1971)
Absorption coefficients and ionization vields of some small molecules
at 538.4 nm [E, hy. €0 Ar. €0. mostly; and review for many molecules]

B. Th. Berendts and A Dymanus : J. Chem Phys. 49, 2632-2639 (1968)
Evaluation of mclecular quadrupole momeris from broadening of microwave
spectral limes. IO. Calculation of the guadrupcle moments and discussion
[T, CO,, 0OCS, CHFs, N0, NO, Hz, HD, D2, Nz

L.-E.Berg, A Karawajczvk and €. Stremhelnm : J§. Phys. B27, 2071-2980 (1994) -
Synchrotron radiation study of photoionization and photodissociation
processes of €0, in the 13 - 21 eV region. 'E, hyv, (03]

J.Berkowitz : Photfoabsorption, Photcionization, and Photoelectren
Spectroscopy, Academic Press (1979)

T.C.Betts and V.McKoy : J. Chem. Phys. 60, 2947-2952 (1974)
Rydberg states of polvaiomic molecules using mode! potentials.
{T. COQ, N'ZU, NGQ, C’ZHQ. C3H4, HQCU, E§C.]
K.D. Bever vnd K. H Welge : 7 Naturforsch 1%a, 19-28 (1984)
Photodissociationen von Hpz, Nz, 02, NO, CO, H20, CO0,, und NH; in extremen
Vakuun-UV. [E, hy, C8z NHs, etc.; 1006 - 1300 A

20

R.A Bever and J. A Vanderhoff : J. Chem Phys. $5, 2313-2321 (1976)
Cross section measurements for phetodetachment cor photodissociation
of ions produced in gaseous mixtures of 0., C0s, and H,0.
IE, hy, COz 0, H0]

- €02 6 —




o M. S Bhatia and J.D.Crages : Proc.Phys. Soc. Londoen 76, 369-377 (1960} -

A

==

Measuremen: of ionization amd attachment ceefficients 1n carbon dioxide
in uniform fields. [E, (05

V. R Bhardwai.D. Mathur and F.A Rajgara : Phys. Rev. Lett. 89, 3220-3223 (1998} -
Formation of negative ioms upon irradiation of molecules Dy intense
laser fields. [E. €02, CSa. 02]

S B.Biagi : Nuci.Instrum Meth A310,133-136 (19%1) -
Accurate three-dimensional simuiaticn of straw chambers using slow, medium
and fast gas mixtures. [T, C0-: cross section set for CO2]

N. K. Bibinov, F.I.Vilesov, I. P. Vinogradov, L. D. Mikheev and A M. Pravilov : Sov. ],
Quant. Elect. 9, 838-844 (1979)
Determination of the spectra! dependence of the absolute quantum vields
of 0(1S) by the Xe0* luminescence method. I. Photolysis in CO> and N2C.
'E, ky. (0o NoOI

D M. Binnie : Nucl. Instrum Meth. A234, 54-60 {1985)
Drift and diffusion of electroprs in argon/COz mixtures.
[E. C0o + Ar; attachment coeff.]

D.M. Bishop amd L. M. Cheung : J.Chem. Phys.Ref.Data 11, 119-133 (1982) -
Vibrational coniributions to molecular dipole polarizabilities.
lcompilation, (Ds, etc.]

E.S.Bishop : Phys.Rev. 33, 325-353 (1911}
An absolute determination of the minimum ionizing energy of an electron
and the application of the theory of ionizaticn by coliision to mixtures
of gases. (£, CO2.

EY C.E.Blount and D. M. Dickinson : J.Elect. Spectrose. Relat. Phenom. 61, 367-372

(1993) -
The observation of resonance in the electron impact excitation
intensities of the innet-shell states of COs.
‘B, (0,: resonance ai 313 eV]

EX H ¥ Boechat Roberty, C.E. Bielschowsky and G. G. B. de Souza : Phys. Rev. Ad4,

1694-1698 (1991} K
Angle-resolved electron—energy-toss study of core-level electron
excitation in molecuies : Determination of the generalized pscillator
strength for carbon 1s{20= — 27 u) excitatior in €02.
[T, COp; 1290 eV, GO3]

EX B Boersch, J. Geiger and W.Stickel : Phys.Lett. 10, 285-286 {1864)

Antegung ven Molekulschwingungen durch schnelle Elektronen.
[E, COQ, Hz: 25 keV]

- Co2 7 -



M.J.W. Boness and J. B. Hasted : Phys. Lett. 21.526-528 (1966} -K
Resonances in electrom scattering by molecules. [E, (02, Nz N0, €0, 0]

- I

M J.¥ Boness, ]. B.Hasted and [.W. Larkin : Proc. Roy. Soc. London A305.493-515

(1368a) -
Compound state electron spectra ef simple molecules.
[E, CDZ, N20, NUQ, NO, CU, 02, Nz: 0 - 2.6 eV}

Vv M. J.W Beness and G.J.Schulz : Phys. Rev. Lett. 21, 1031-1034 (1968%Y) -
Vibrational excitation of COs by electron impact. [E, CO-]

V M. J.¥ Boness ard G.J.Schulz : Phys. Rev. A9, 1969-1979 {1974) OK _
Vibrational excitation in €0, via the 3.8 eV resonance. [E, €05]
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EX M. -1 Hubin-Franskin and J. E. Collin : Bull. Soc. Roy.Sci.Liege. 40, 361- (1971)
Threshoid electron impact excitation spectra. IV. Triatomic molecules
N0, €02, CO05, €§-. [E. €02, N20. €0S, (5-]

EX M. -J). Hubin-Franskin and J.E.Collin : J.Elect. Spectrosc. Reiat. Phenom. 7,

139-149 (1975) -
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Time-of~-flight investigations of electron transport im gases.

[E, €0z, CoHa4l

H E.Hurst : Phil. Mag.11,535-552 (1906}
Genesis of ionms by collisicn and sparking-potentials in carbor dioxide
and nitrogen. [E, €05, Nz]

L.G. H Huxley and R.W.Crompton : The Diffusion and Drift of Electrons im

Gases. John Wiley & Soms (1974) [some data for C0». p.640-645]
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Tota! (elastic plus inelastic} cross sections for electron scattering from
diatomic and polvatomic molecules at 10 - 5000 eV : Hp, Liz, HF, CHa, ¥No,
CO, Csz, HCN, 02. HCI. HQS, PHg, SiH4 and CUZ
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atoms and their simple molecules.
[T, €02, C, N, 0, 02, N2, CO, NO, CN, Ca, N20, NOo, 03]

QT K. N. Joshipura and P. M. Patel : }. Phys.B29, 3925-3932 (1996) -
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Theoretical background. [T, €02}

0 M Joveux : Chem. Phys. 221, 287-301 (1997h)
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A K. Kazanskii : J.Phys. B28, 3987-4004 (1995) -K
A model study of dissociative attachment of slow electrons to the carbom
dioxide molecule. [T, CO2; 3 -7 eVi

A K Kazanski and L.Y.Sergeeva : I Phys.D37,305-313 (1996)
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A C(.E.Klots and R.N Coempton : ].Chem. Phys. 87, 1779-1780 (1977}
Electron attachment to carbon dioxide clusters in a supersonic beam
B, (€0z2) ]

A C.E.Klots and R.N.Comptor : J.Chem. Phys. 69, 1636-1643 (1978) -

Electron attachment to van der Waals polvmers of carbon dioxide and
nitrons cxide. 'E, (COz2tw, (No2D)n]

- €02 43 -



EX K. N.Klump and E.N. Lassettre : J.Electron Spectrosc. Relat. Phenom. 14, 215-230
(1978) -K
GGeneralized oscillator strengths for two transitions inm CD-. at incident
eleciron energies of 300, 4060 and 500 eV,
[E, €0,:; th. 11.04 and 11.38 eV}

K. -H. Kochem, ¥. Sohn, N. Hebel, K. Jung and H. Ehrhardt : J. Phys. B18, 4455-4467
(1985) OK
Elastic electron scattering and vibrational excitation of CO; in the
threshold energy region. [E, (02; 0.15 - 6 e¥, DCS]

- tr)

V I[.V.Kochetov, V. G. Naumov, V. G. Pevgobv and V. M. Shashkov : Sov. J. Quant. Elect.
0 9 847-851 (1979)-
Direct heating mechanism of a C0o.-No-He laser mixture in a nonself-
sustained discharge. [E, C02; vib.excit.c.s. of 010 level, th. - 5 eV]

E R Kollath : Ann. Phys. 87, 259-284 (1928) -
Uber den senkrechte Ablenkung langsamer Elektronhen and Gasmolekulen
'E, (0o, He, Ne, Ar. Xr, Ho, Np, CO0, Nz, CHs : DCS(g) at 90°, 1 - 30 V]

V. P Kcnovalov : Sov. J.Plasma Phys. 18, 754-757 (1992) -
Electron degradation spectrum in carbon dioxide. [, C0:]

0 M. D.Konstantinov, V.V.0Osipev and A I. Susiov : Sov. Phys. Tech. Phys. 35, 1128-1133

(1990) -
Chemical ionization instability in a space discharge in quasistable (-
media. [T, CGo: CO; laser]

0 A P.Kouzov,D.N.Kozlov and B. Hemmerling : Chem. Phys. 236, 15-24 (1998} -
CARS studies of bending states of €0- : evidemce of collisional
rotational transitions with odd A .

[E, C05; coherent amti-Stokes Ramam scattering]

0 B.Kovac : J.Chem Phys. 78, 1684-1692 (1983)
The Hel photoelectron spectra of €02, CS»,, and OCS : Vibromic coupling.
[E, hy, C0z (S OCS]

EX A.G.Koval . V.T. Koppe and Ya. M. Fogel® : Sov. Astron. -AJ 10, 165-175 {1966)
€0, C0>, and N0 emission spectra excited by 13-keV electroms.
[E, €02, CO0, NO]

EX A G.Koval',V.T.Koppe, N. P.Danilevskii and L. Popova : Opt.Spectrosc. 32, 559-560
(1972)
Eifective cross-seciions and excitation fumctiocns for spectral bands
of C02* ion under comditions of excitatiom by (8.4 - 20) keV electrons.
[E. C02}

0 T.I.Kowalski, A R Stopczvnski and Z.-B. Group : Nucl. lostrum Meth. A323,

289-293 {1992) -
The gas gain process inm Ar/C0, filled propertional tubes.
[E, COz + Ar: amplificatien factor, temperature dependence]

~ €02 ¢4 -



0 1.Kovano, T.5.Wauchop and K. H Welge : J. Chem Phys. 63.110-112 {1975)
Relative efficiencies of 0(*S) production from photodissociation of CO2
hetween 1080 — 1164 A. [E. hv., (05]

E G. 1.Kozlov : Sov.Phys.Tech. Phys. 10, 696-697 (1965) -
Determination of collision cross sections of etectrons with atoms and
molecules of certain gases by a double-beam radio probe method.
[E, CO02, He, Ar, N3]

A K. Xraus : Z. Naturforsch. 16a, 1378-1385 ({1861) -
Bestimmung kritscher Elektronenenergien fur die Bildung negativer lonen
bei Elektronenstoss mittels einer RPD-Methode.
{E, C0,, (0, S0z, HpS. CS2]

EX M. Krauss, 5. R. Mielczarek, D. Neumann and C. E.Kuvatt : J. Geophys. Res. 76,
3733-3737 {1971) -
Mechanism for production of the fourth positive band system of CO by
electron impact on CQs. [E, (0]

0 M.Krauss and D. Neumann : Chem. Phys. Lett. 14, 26-28 (1972)
Ezergy curves of COs™. [T, €02}

I E Krishnakumar : Int.J. Mass Spectrom. Ion Process. 97, 283-294 (1990) -K
A puised crossed beam apparatus for measurement of eleciron impact
partial jomisation cross-sections : resulis on €02 + &7 — Ot + 2 e,
[E, C0-; th.—- 95 eV]

0 M. Krishnamurthy and D. Mathur : J.Phys. B28, L367-L372 (1995)
Wavefunction overlap effects in low-emergy coliisional excitation of
C0- and CS» by Ho™, No*. 0% and CO>* projectiles.
[E, (02, etc.: not e”]

0 P.L EKronebusch and J.Berkowitz : Int.J. Mass Spectrom lon Phys. 22, 283-306
(1976) -
Photodissociative iomization inm the 21 - 41 eV region : 02, Nz, €O, XNO,
C0-, H»0, NH3 and CHa. (E, hv, (0 Hz0, NH3, CHs4, etc.]

EX T.Kroin, S.F Michelin, M-T. Lee, K. T. Mazon and D.P. Almeida : 20th ICPEAC, Vienna
WE 096 (1997) -
A distorted-wave study for core—excitation processes in C02 by electron
impact. {T. €0zl

EX T.Kroin, S.E Michelin, X.T. Mazon, D. P. Almeida and M. -T.Lee : Theochem 464, 49-57
{1999)
A distorted-wave study for core-excitation processes in €02 by electron
impact. [T. COo; 320 - 800 eV]

S W N Kucukarpaci and J. Lucas : J.Phys.DI2 2123-2138 (1979)

a Simuiation of electronm swarm parameters iz carbon dioxide and nitrogen
for high E/N. [T. €0, N, E/N = 14 - 3000 Td, c.s.sets for COp and Nl

- €02 45 -



EX

EX

QT

QT

A Kuppermann, ¥. M. Flicker and 0. A. Moshker : Chem. Rev. 79, 77-90 (1979
Eiectronic spectroscopy of polyatomic molecules by low-energy variable—
angle electron impact. [E, €05, (€S, C0S, SO0, etc., many molecules]

(2]

.E.Kupriyanov, A. A. Perov, A. Yu. Zavats and A N.Stepanov : Sov. Tech. Phys. Lett.
7.369-370 (1981) -

Electron-impact excitation of molecules te long-lived Rydberg states.

[E, CO?, 02, CU, NQ, NO, NQU: 8 — 30 EV]

K. Kutszegi and S.J.B.Carrigan : f.Chem. Phys. 50, 2570-2574 {19§9)
Dissociation of carbon dioxide im the positive columa of a glow discharge.
[E, C05]

M.Kuzumotc, S. Ogawa, M. Tanaka and S.Yagi : IEEE I.Quant.Elect. 26, 1130-1134

{1990
Fast axial flow (0, laser excited by silent discharge. [E, C05]

€h. K. Kwan, Y. -F. Hsieh, W. E. Kauppila, 5. 1. Seith, T.S. Stein M. N. Uddin and
M. 5. Pababonek : Phys. Rev. 427, 1328-1336 (1983) OK

et~ - (0 and e T~ - (0, total cross—section measurements.

[E, CD2, CO: 100 - 500 eV for CO-]

Ch. XK. Kwan, Y. -F. Hsieh, ¥. E. Kauppila, S. 1. Smith T.S5.Stein, M. N. Uddin aund
M.S.Dababneh : Phys. Rev. Lett. 52, 1417-1420 (1984} -
Total-scattering measurements anc comparisons for cellisions of
electrons and positrons with NoO. [E, €02, N28, Nz, CO; 1 - 500 eV]

P.Laborie. J. -M. Rocard and J.A.Rees : in Electrenic (ross-Sections and
Macroscopic Coefficients. 2. Metalic Vapours and Molecular Gases, Dunod

(1971) [for CO2 p.203-218]

A Lahmam Bennani, B. Nguven, I. Pebay and M. Lecas : J.Phys. E8, 651-655 {1975} -
An apparatus to measure precise total differential cross sections of
electrons scattered by gases employing an electronm counting system.

[E, €02: 30 keV]

C.S.Lakshminarasimha, J. Lucas and N.Konteleon : J. Phys. D7, 2545-2553 (1974)
Diffusion and ionization studies for eleciron swarm in carbon monoxide

and carbon diexide.
[E, €05, CO; E/N = 28 - 1550 Td, T = 273 K]

F.¥%. Lampe, J. L. Franklin and F.H. Field : J. Am. Chem. Soc. 79, 6129-6132 {1957)
Cross sections for ionization by electrons.
[E, (0>, He - Xe, Hz, Nz 05 €0 N0, Ho0, NH,, H.8, HCI, CH.
N.Lane : in Electren-Molecule Scattering, Wilev-Interscience 147-183 {(1979)
The state of theory. [T, €02, Nz, Hz, F., HCl, LiF]

N.F.Lane : Rev. Mod. Phys. 52, 29-119 (198D)
The theory of electron-molecule collisions.
[review, C02, N2, Hz, 0, CO, N»0, H,0, NO, HF, HC!, HBr]

- C0Z 46 —

ate. : 75 aV]

nnnnn




E | W Larkin and J.B.Hasted : Chem. Phys. Lett.h, 325-327 {1970)
v Interaction of electrons with N0 and COz. [E, CO-. No0; I - 6 eVl

V 1 ¥.Larkin and 1. B.Hasied : I.Phys.B5, 95-109 {1972)-
Flectron transmission studies of decay channels of molecular resonasces.
{E, CUQ, 02, NO, NQU, NOQ. C5H5; B.1 - 6 eV for COQ]

EX E N.lLassettre F.M. Glaser, V.D.Meyer and A. M. Skerbele : J.Chem Phys. 42,
3429-3435 (1965a) -
Determination of molecular excitation potentials by eleciron impact.
An anomaly in the No spectrum [E, (0., He, No. NO: 200 eV]

EX E.N.Laséetire and I.C.Skitoff : I.Chem Phys. 43, 560-571 (1965Y) -
Coltision cross-section study of COs. [E. CD,; 510 eV]

EY E.N.Lassettre, A. Skerbele, M. A. Dillen aad K. J. Ross : J.Chem. Phys. 48, 5066-5096
(1968) -
High-respiution study of electron-impact spectra at kineiic energies
between 33 and 100 eV and scattering angles to 16°.
[E, COQ. He, Ar, Nz. 02, NO, HQO, NH3, CQHQ, C2H4. CsHs]

EX E.N.Lassettre : Can.J.Chem 47, 1733-1774 {1969)
Inelastic scattering of high ezmergy electrons by aimospheric gases.
[review, COz, NQ. 02, CU, HQO, Ar, He]

0 E. N lassettre : in Vacuum Ultraviolet, Reidel 43-73 (1974)
Chemical spectroscopy and photochemistry. [review, C0s, etc.]

0 G M. Lawrence : J.Chem. Phys. 56, 3435-3442 (1972z)
Photodissociation of €O to prodace CO(a”TI). [E, C0s]

0 G M Lawrence : J.Chem Phys.57,5616-5618 (1972b)
Production of 0('S) from photodissociation of CO.. [E, C0-]

0 S.Leach M.Devoret and J.H D.Eland : Chem. Phys. 33, 113-121 {1978)
Fluorescence quantum vields of isotopic CO.* ionms. [E and T. (C02]

0 E. Leber, J].M Weber,S. Barsotti, M. -%. Ruf and H Hotop : EMS-99, Tokyo 24-58

(1999a)
Narrow vibrational Feshbach resonances in low energy electron attachment
tg melecular clusters. [E. (L0z)s, etc.!
0 E.Leber,J.M.Weber,I.}.Fabrikant,A.Gopalan,S.Barsotti,M‘—W,Ruf and H.Hotop :
A 21st ICPEAC, Sendai 328 {1999b) -

Vibrational Feshbach resomances in electron attachment to moleculiar
ciusters. [E, C0,, N30, CS,, CHsl clusters]

EX L.R.LeClair and J.W. McConkev : J.Phys. B27,4039-4055 (19394 OXK

D on 0{'S) and €0(a3I1) production from electron impact dissociation of CO2.
[E, €0»: 10 - 1000 eV; threshcld emergy 11.0 £ 0.5 eV]

- C0Z 47 -



¢ R.Le Doucen, € Cousin, C. Boulet and A Henry : Appl. Opt. 24, 897-906 (1985
Temperature dependence of the absorption in the region bevond the 4.3 unm
band head of CO. 1: Pure CO, case. [E, €05]

E €. -B Lee, C. Winstead and V. McKoy : J.Chem Phys. 111, 5056-5066 (1999) O
EX Collisions of low-emergy electross with (0. [T, €02}

EX J.S.Lee : J.Chem Phys. 67, 3998-4603 (1977) -
Observation of new electronic framsitions in 02, CO, NO, €O, and N,O
[E. COz, 0z C€O0, NO, NoO: 25 keV]

0 L.C. Llee and D.L. Judge : J. Chem. Phvs. 57, 4443-4445 (1979
Cross sections for the production of CO2* (A2TT.. B2X ,* — X201}
fluorescence by vacoum uwliraviolet radiation. {E, hv, C0;]

0 L.C.Lee and B.L.Judge : Can.J.Phys. 51, 378-381 (1973a)
Population distribution of triplet vibrational levels of £O produced
by phoiodissociaiton of CDs. [E. hy., C05]

0 L.C Lee R.W.Carlsom, D. L. Judge and M. Ogawa : J. Quant. Spectrosc. Radiat. Transfer

13,1023-103%F (1973h)
The absorption cross sections of No, 0s, €0, NO, €0, No0, CHs CoHa,
CzHe and CsHyo from 180 to 700 A [E, hv, (0, CHs, etc.]

0 L.C.Lee R.W Carlson, D.L. Judge and M. Ogawa : J.Chem Phys. 63, 3987-3695 (1975)
Vacuum ultraviolet fluorescence from photodisseciation fraements of €0
and CQ.. (E, hv, CO, COI

EX M. -T.Lee and V.McKoy : J.Phys. B16. 657-669 (1983} O
Cross sections for electron impact excitation of the low-Iving electron
states of €0,. [T, €02: elect.ex. of 8 states, DCS, 25 - 60 eV]

I N.Lee and J.B. Fenn : Rev.Sci.Instrum 49, 1269-1272 (1978)
€Calibration of mass spectrometers for van der Waals dimers.
[E, COz, 02, AI]

5 H Lehning : Phys.Letf. 28A, 103-104 (1968)
Resonance capture of very slow electron scattering in CQ».
[E, C02; pressure dependence of drift velociiy, 293 K|

0 S5.W. Leifson : Astrophys. 1. 63, 73-89 (1926) -
Absorption spectra of seme gases and vapors in the Schumamm region.
{E. h)}, CUQ, 02. Nz. NU, CU, NH3. HQQ, CC14, C2H50H. etc.}

I K. T.Leung and C.E. Briom : Chem. Phys. 96, 241-258 (1985

Binary fe, 2e) spectroscopic study of carbonvl sulfide and the mementum—
space chemistry of C0», (S,, and 0CS. [E, (O, €S2 0C§]

- CO2 48 -




el

R Levi Di Leon and J.Taime : J. Quant.Spectrosc.Radiat. Transf. 35, 337-343 (1986)
Infrared zbsorptior by gas mixiures in the 300 — 850 K temperature range.
142 umand 2.7 pn COz specira

N E. Levine and M.A Umen : J.Appl. Phys. 35, 2618-2624 (1964) -
Experimental determination of the drift velocity of low-energy electrouns
in Ar. Na, (02, several Ar - N, mixtures, and several Ar - €0, mixtures.
[E. €0, (0o + Ar, etc.; E/N = 0.9 - 6 Td for €0-,]

B.R. Lewis and J.H Carver : . Quant.Spectrosc.Radiat. Transf. 30, 297-309 {1983) -
Temperature depenrdence of the carbon dioxide photoabsorpiion cross section
between 1200 and 1970 A [E, hy, €0,; 200 - 376 K, 1200 - 1970 Al

A A Likal’ ter and A Kh Mnatsakanyan : High Temp. 11, 176-178 (1973} -
Vibrationz]l distribution of molecules due fo ¢ollisions with electrons and
heavy particles. [, €0, H»

J.W.Limbeek and J.Lucas : 1EE J.Sclid State Electiron Devices 2,161-163 (1978
Time of flight measurement of
{E, C0o,

F.Linder : 12th SPIG, Sibenik 49-69 (1984) O
Cross beam eleciron scattering experiments at thermal energies.
(review, €0z, €0, Ar - Xe; elast. 0.1 - 6 eV, vib.ex. th.— 1 eV for €B5]

E.Llindholm : Ark. Fvs. 40, 97-101 (196%a) -
Rydberg series in small molecules. I. Quantum defects in Rvdberg series.
[T, €0z, N20. C0, N2, 02, NO, ete. ]

E.Lindholm : Ark Fys. 40, 125-128 (1969b) -
Rydberg series in small molecules. V. Rydberg series in C0>. [T. C02]

S W Linn and C.Y.Ng : J.Chem. Phys. 75, 4921-4926 {1981)
Pphotoionization study of COz, N20 dimers amd clusters.
[E. by, €02, {C02) 2, (€02} 2, N20, (N20) », stc. |

A N Lobanov aund A F.Suchkov : Sov.}.Quant. Electron. 4, 843-848 (1975)
Distribution jusction and electron emergy balance in an electron-beam-
controlled carbon diexide laser. IT, (0, + N, + He: B.Eq.!

R Lockt, M. Davister, W. Denzer, . ¥. Jochims ard H. Baumgartel : Chem. Phys. 138,
433-440 (1989)
About ihe double ionizatioer of ammonia amd carbonm dioxide. A compariscn

heiween photoionization and electron impact. [E, €8>, NHs; 30 - 100 eV]
R Locht and M. Davister : Int.J.Mass Spectrom Ion Process. 144, 105-129 (1995) -

The dissociative electroionization of carbon dioxide by low-energy electros
impact. The C*, 0* and COY dissociation channels. [E, C0o: 19 - 40 £V]

- €02 49 —



.R.Lucchese and V. McXoy : J.Phys. Chem. 85, 2166-2169 (1981)

.R.Lucchese and V. McKov : Phys. Rev. A25, 1963-1968 (1982a) O

.R.Lucchese and V. McKoy : Phys. Rev. A26, 1406-1418 (1982n)

.R.Lucchese, K. Takatsuka and V. McKey : Phys. Rep. 131, 147-221 (1988) -

.R. Lucchese : J.Chem Phys. 92, 4203-4211 (1990) -

.S.Luk, D.A Tate, K. Boyer and C.K. Rhodes : Phys. Rev. A48, 1359-1363 (1993)

. 6. Lynch, D.Bill, J. Siegel and L. J.Dehmer : J. Chem. Phys. 71.4249-4354 {1979)

.M. Ma.Z.-P.Mac, J. Zhou and I.Yan : Chin. Phys. 5, 664-668 [1985) -

.Ma, C. T. Chen, &. Meigs, K. Randall and F. Sette : Phys. Rev. Ad4, 1848-1858 (1991)

-Mahan : J.Chem. Phys. 33, 959-965 (1960)

.C.Lorquei : J.Chim Phys. 57, 1078-10 (1966)

Etude de 1  interaction electron-moiecule: transitions electroniques
induited lors du choc. [E, C0,, No, 0, NO, CO, H,0]

.J.Lowke and J.H Parker : Phys. Rev. 181, 302-311 (1969) |

Theory of electron diffusion paralle to electric fieldgs. O . Application
to real gases. [T, €05, He, Ar - Xe, Ho, Dz No. 0. CO. Ho0)

.J.Lowke, A. V. Phelps and B.W. Irwin : J. Appl. Phys. 44, 4664-4671 (1973) OK

Predicted electron transport coefficients and operating characteristics
of C0o-No-He laser mixtures. [T. €05, + N, + Hel

Comparative siudies of a shape-resonant feature in the photoionization of
C0-. [T, hy, C03]

Study of electron scattering by CO0» at the static-exchange level.
[T, C02; elastic DCS, 0 - 14 eV]

Studies of differential and total photoionization cross sections of carbon
dioxide. [T, by, C0;]

Applications of the Schwimger variational principle to electroz-molecule
collisicons and molecular photoionization.
[review, C0, H,, LiH: PI, e + M]

Effects of imterchannel coupling en the photoionization cross sections
of carbon dioxide. [T. hv., (0]

Comparison of kinetic-energy distribution aed ionic fragment vields of
C0> and N20 arising from Coulomb explosions induced by multipheton
ionization and fast-ion impact. [E, hy., (0. NoB]

Elastic electron scattering by €0, OCS, and CSo from O to 100 eV.
[T, €0z, 0CS, CS3]

A drift chamber with vniform electric field and measurements of the
electrom drift velocity. [E, {D; + Ar, CHy + Ar, etc.]

High-resgiution K-sheil photoabsorption measurements of simple motecules.
[E. C0», CO, *3C*®0, NO. 0z, Nz0, CoHz, (2D, CoHa, €5D4, CoHg, CsDsl

Photolysis of carbor dioxide. [E, hy. C0»]

- (02 50 -




E S Maji,G. Basavraju, $.M. Bharathi and K. G Bhushan : 20th ICPEAC, Vienna WEOGT3
{1937}
Validity of independent atom model for elastic scattering of elecirouns
by poivatomic molecules. [,

E S.Maii, G Basavaraju, S.M. Bharathi, K. G. Bhushan and $. Khare : J. Phys. B3l,
4975-4990 (1998) K
Elastic scattering of electirons by polvatomic moiecules in the energy
range 300 - 1300 eV : CO, CO,. CHs, CoHs and C,Hs.
[E, €05, CO, CHs, C.Ha, CoHe; DCS, 300 - 1300 eV, 36 - 120°]

0 C.Manzapares, I. A Munez and D.Hidalgo : Chem Phys. 87, 363-371 {1484) -
Coliision~induced absorption of infrared radiatien by Nz, 02 and COo.
[E, hy . COQ, Nz, 021

I D Margreiter, H. Deutsch, M. Schmidt and T.D. Mark : Int.J.Mass Spectrom. lon
Process. 100, 1537-176 (1990)
Electron impact iocnizaticn cross sections of molecules. Part II.
Thecretical determination of total {countipg) iomization cross sections of
molecules : A new approach. [T, €0, Hy, No, 0, Hy0, etc.; th.- 200 eV]

I T.D.Mark and E.Hilie : 10th ICPEAC, Paris 2, 1076-1077 (1977)
Cross section for single and double electron impact ionization of carbon
dioxide by electron impact from threshold up to 180 eV. [E, €02}

I T.D.Mark and E.Hille : J.Chem Phys. 69, 2492-2496 (1978) -K
Cross section for single and doubie ifomization of carbon dioxide by
electron impact from threshold up to 188 eV. [E, C0o: CO5*, C0,27]

1 T.D.Mark : in Electron-Melecule Interactions and Their Applications,
Academic Press 251-334 (1984)
Tonization of molecules by electron impact. [review, (€02, etc. ]

I T.D.Mark : in Electron Impact lonization, Springer-Vertag 137-197 {1985)
Partial ionmization cross sections. [review, {02 etc.]

E T.D.Mark Y Hatano and F. Linder : in Afomic and Molecular Data for
EX Radiotherapy and Radiatien Research, TAEA 163-273 (1995)
1 Eilectron collision cross sections.

[compilation, COQ, Ne, Ar, Hz, No, 02, HQD, CH4, C3H8]

EX A A.Markov, A. 1. Dolgin and M. A.Khodorkovskii : Sov. Tech. Phys. Lett. 16, 444-445
T (1%90) -
Tonization of CO, dimers and trimers by electron impact in a molecular
beam. [E, {C02) 2, (CO2)3; 20 - 130 2V]

0 G Marouwlis and A.J. Thakkar : J.Chem Phys. 93 4164-4171 (199%)
Polarizabilities and hvperpoiarizabilities of carbonr diocxide. [T, €0-]



15}

EX

EX

0

N. J.Mason, W. H. Johostone and P. Akther : in Electron Collision with Molecules,
Clusters, and Surfaces, Roval Holloway, Plenum Press 47-62 (1994)

" J.H.McCovy and R.EK L

Electron scattering by vibrationally excited moiecules.
{review, CD0,, N;0, H,, 0CS, etc.]

.Masuoka and J. A R Samson : NASA-CR-162844, 1-36 (1379
Dissociative amd double photoionization of carbem dioxide from threshold
to 90 A. [E, hyv, C0:]

=3

T. Masuoka and J. A R Samson : J.Chim. Phys. Chim Biol. 77, 623-630 (1980)
Dissociative and double photoienization of carbon dioxide from threshold
to 90 A. [E, hy, €0-]

T. Masuoka : Phys. Rev. A50, 3886-3894 (1994)
Single- and double-photoionization cross sections of carbon dioxide {CO2)
and ionic fragmemtation of CO,% amd CO22*. [E. hv, C02: 30 - 100 eV]

E.Mathieson and N. El Hakeem : Nucl. instrum Meth. 159, 489-496 {1979 -
Calculation of electron itransport coefficients in counting gas mixiures.
[T, CO, + Ar, CHsq, CHs + Ar, etc.: B.Eq.]

H. F. Maver : Amn. Phys. 64, 451-480 (1921)
Uber das Verhaiten von Molekulen gegenuber freien langsamen Elektronen.
{E, C0,, He, Ar, Ho, No; 0.2 - 8 eV]

D.J_McCaa and D.E Rothe : AIAA J.7.1648-1851 (1969) {Aeronsu. Astronau. ]
Emissign spectra of atmospheric gases exciied by am electron beam.
[E, €02, No, NO, 0,. H,, H.0, €0; 2800 - 6600 A]

D. C. Mc€oltum I. Kanik and J.Nickel : 15th ICPEAC, Brightom 265-265 (1987
Absolute elastic differential electron scatterimg cross seciions fer
carbon dioxide. [E, €02; 25, 50 eV, 20 - 120" ; see I.Kanik {1989)]

J.¥W.McConkey, D. J. Burns, J. M. Woolsey ard F.R. Simpson : 5th ICPEAC, Leningrad

565-567 (1967) -
Ahsplute cross sections for electron impact and ionization of atmospheric

gases. [E, €0 Ns; 20 - 20600 eV]

1.¥W.McConkey.D. J. Burns and J.M.Woolsey : J.Phys.Bl, 71-76 (196%)
Absolute cross sections for ionization and excitation of CO» by eleciron
impact. [E. (0,: emission c.s.; see J.E Mentall {(1973)]

[ d

-OQ

[1- T - -]

[S4]

[ SIS
|

ptorminoad from trancsmitance
glermingqd Irom trapsmitance

P {IMm enﬂ BPITRY »
P Ev Y] (i g v S ] [
measurements in t

T.K. McCubbin, Jr. and T.R. Mooney : J.Quant. Spectrosc. Radiat. Transf. 8, 1255-1264
(

1968) -
A study of the strepgths and widths of lines im the 9.4 and 10.4 pn CO.
bands. [E, hv. (0]

- €02 52 -




I K E.McCulioh, T.E. Sharp and H. M. Rosenstock : J. Chem. Phys. 42, 3501-3509 {1965)
Direct observaiion of the decomposition of multiply charged ions into
singly charged fragmenis. [E, €0, CF4, CHy, CsHe; 1 keV]

0 K FE.McCulloh : J.Chem Phys.59,4250-5259 {1573
Phoipionization of carbon diexide. B, hv, C0p; 150 K, CO2%, 0F, CO*]

S (.W.McCutchen : Phys.Rev. 112, 1848-1851 (1958)
Drift velecity of electrons in mercury vapor and mercury vapor-CO»
mixtures. [E, C0, + Hg, Hgl

EX C.W.McCurdy, Jr. and V.McKoy : J.Chem Phys. 61, 2820-2826 {1974)
Equations of moiion method : Inelastic electron scattering for He and
€0, in the Borz approximation. [T, C0,, He; GOS!

EX R McDiarmid and 1.P.Doering : J. Chem. Phys. 80, 648-656 {1984) K
Elecironic excited states of COr : An electron impact investigation.
TE, C0»: 25 - 108 eV]

0 V.McKoy, S.N.Dixit, R L. Dubs and D.L.Lyoch : Aust. ]. Phys. 39, 761-777 (1986)
Dynamics of single- and multi-phoion tonisation processes in molecules.
{T. hy, CU?, Nz, co, CQNQ. C2H‘2, HQ]

0 R McLaren,S.A C.Clark, I. Ishii and A. P.Hitchcock : Phys. Rev. A36, 1683-1701
(1987)
Absointe oscillator strengths from K-shell electron—energy-loss spectira
of the fluoroethenes and 1, 3-perfluorobutadiene.
[E. {0z, €0, No, CoHa, CoF4, CH-CFa, ete. |

G A.D. Mclean : J.Chem Phys. 32, 1595-1597 {1960)
LCAO-KO-SCF grousd state calculations on C2Hz and COo. [T, CO0s CoHzl

0 V. Menoux, R Le Doucez and C.Boulet : Appl. Opt. 26, 554-562 (1987)
Line shape in the low-frequency wing of self-broadened C0-> lines.
[E. hy, C0,: 2140 - 2250 cn™?]

FEY J.E.Mentall, M. A. Coplan and R.J.Kushiis : 7. Chem. Phys. 59, 3867-3868 {1973)
Excitation of C0>* by electron impact on (0. [E, C0»]

0 F.Merkt,S.R Mackenzie R.J.Rednall and T.P. Softley : J. Chem. Phys. 99,
8430-8439 (1993}
Tero-kinetic-energy photoelectron specirum of carbon dicxide.
[E. by, C02]

0 R H Messeer : Z.Phys.85, 727-740 (1933)
Der Einfluss der chemischen Bindung auf den Absorptionskeeffizienten
leichter Elemente im gebiete ultrameicher Ronigenstrahlem.
[E, hy, COz, N, 02, C0, H,, CHs - CsHs, etc.; 44.5 and 68 Al

0 T.V. Mever,C.K Rhodes and H. A Hans : Phys.Rev.Al2, 1993-2008 {1975)

High-resolution line broadening and callisional studies in COp using
non-linear spectrescepic techniques. [E, €02l

- €02 53 -



EX

EX

71 -

V.

.Mollenstedt : I Naturfporsch. Ta, 465-470

D. Mever and E.N. Lassettre : J.Chem Phys. 42, 3436-3441 (1965) -K
Oscillator strengths of several peaks inm the electron-impact spectrum of
carbon dioxide. Spin-orbit coupling. [E, C02; 150 - 400 eV]

.L.Miller and E.V.Geroge : Appl.Phys. Lett. 27, 665-667 (1975)

High-pressure absorption spectirum af €0, Iase bands at I0pum
fE, €02l

.Millot and €. Roche : J.Raman Spectrosc. 29, 313-320 (1938}

State-to-state vibrational and rotational energy tramsfer ia (0, gas from
time-resolved Raman-infrared double resomance experiments. [E, hv, €05]

-Misaizu. K Mitsuke, T.Kondow and K. Kuchitsu : J. Chem Phys. 94, 243-249 (1991) -

Fermation of negative cluster ions from {CO0z)m in collisiom with high-
Rydberg atoms. [E, (CO3)w]

.Misakian, M. J. Mumma and J.F.Faris : J.Chem. Phys. 62, 3442-3453 {1975) -K

Angular distributions, kinetic energy distributions and excitation
functions of fast metastable oxygen fragments following electron impacit
on CO0». fE, C02: not e~}

.K.Mitchum, J.P. Freeman and G. G. Meisels : J. Chem. Phys. 62, 2465-2468 (1975) -

Arrival time distribution in high pressure mass spectrometry. VI,
Formation and reaction of negative ioms ig carbon dioxide. {E, €051

.Mitsuke, 5. Suzuki, T. Imamura and I. Kovame : J.Chem Phys. 93, 1710-1719 (1990)

Negative-ign mass spectrometric study of ion-pair formatiern in the vacuum
witravioiet. IF. O0CS — § + €0%, 0~ + CS%, and CO, — O + CO*.
[E, kv, €0, OCS; 15 - 35 eV]

.K. Mpnatsakanyvan : High Temp. 12, 745-762 {1974) -

Elementary process kinetics im a plasma of inmert gases, molecules, aad
alkali vapsars. [review, €02, N2, Hsz, D, €0, 0 etc.]

.E.Moddeman, T. A. Carlson, M. 0. Erauss, B. P. Pullen W. E.Bull and . K. Schweitzer -
. Chem. Phys. 35, 2317-2336 (1971)

Determinaticn of the K-LL Auger spectra of N», 0, CO, NO, Hz0, and COs.
[E, CO02. Nz, 02, €O, NO, H:z0]

.B.0.Mohr and F.H Nicol! : Proc.Rov.Soc. London Al138, 469-478 (1932)

The large angle scattering of electrons in gases. II.
{E. CDz, Ne, Ar, Ho, N, CHg, PHs, H2S: 30 - 150 eV, 20 - 160°]

(1 y
Diskrete Energieverluste von 35-keV-Elekt er bei Wechselwirkung mit
Atomen und Molekulen. [E, COQ He, Hz, Nz. 02, H‘ZO, CsHs, C6H4]

952
ron

.Monahan and T.S. Wauchop : J. Geophys. Res. 77, 62626265 (1972)

Cross sectionrs for the production of excited produscts in the
phatoionization of N, 0o, C0, and N»0 by 58 4-nm radiation.
[E, hv., CO0; N 0. CO, NoOJ

- C02 54 -



i

-~ T

M.

M.

M.

M.

M.

_B.Mpore, R E.Wood, B. L. Hu and J.T.Yardley : J.Chem Phys. 46, 4222-4231 (1967)

Viprational emergy itransfer in COp lasers. [E, C0:]

_A.Morgan : Phys.Rev.Lett. 80, 1873-1875 (1998} O

Virtual states and resopances ik electron scattering by COs.
[T, C05: 0.01- 10 eV]

_L.Mergan : JILA Data Center Report No.33,1-82 (1990)

A bibliography of electron swarm data 1978-1980. [compilation]

.D.Morrison : J.Chem Phys. 21, 1767-1772 (1953)

Studies of ionization efficiemcy. Part JE. The detection and inferpreta-
tion of fine siructure. TE, €02, N2, HCl. CSH®, Ne - Xe, Hgl

A Morrison, L. A. Callips and N.F.Lase : Chem. Phys. Lett. 42, 356-360 (1976) -
Theoretical studv of low—energy electron - C0> scatfering.
[T, C02: 0.07 - 10 eV]

A Morrison, N.F.Lane and L. A Collins : Phys.Rev. Al5, 2186-2201 (1977a)

Low-energy electron-molecule scattering : Application of coupled-channel
theory to e - €0z collisions. [T, C0s]

A Morrison and N.F.Lane : Phys.Rev.Al6, 975-980 (1977b}

Theoretical calculation of cross sections for rotaticnal excitation
in e - {0, scattering. [T, €0-]

A Morrison and P.J. Hay : Phys. Rev. A20, 740-748 {19792)

Ab initio adiabatic polarization potentials for low-energy electron-
molecule and positron-molecule collisions : The e - N» and e ~ CB2
systems. [T, €02, N2l

A Morrison and P.J.Hav : J.Chem Phys. 70, 4034-4043 (1979b)

Moiecular properties of N, ard C0, as a functions of muclear geomefry :
Polatizabilities. quadrupcle momeris, and dipole moments. [1T. COs, N3]

A Morrison and N.F.Lane : Chem. Phys. Lett. 66, 527-530 (1979c)
Threshold structure in the vibratiopmal excitation of COz by low-energy
electTons. [T, C02]

A Morrison :© Phys. Rev. A25, 1445-1449 (1982) CK

Interpretation of the near-threshold behkavior of cross sections for
¢ - (Do scattering. T, (0-]

A Morrison : Aust.J. Phys. 36.239-286 (1983)
The physies of low-energy electron-molecule collisions : A guide for the
perplexed and the uninitiated. lreview]

A Morriosn : in Advances in Atomic Molecmlar Physics, Vel. 24, Academric

Press 51-156 (1988) -

Near—threshold electron-molecule scattering.
[review, C0p, Hp, N2, Fz, (0, Li,, HCI, HBr, CH4]



[ e]

w2

J.L. Moruzzi and A V. Phelps : J.Chem. Phys. 45, 4617-4627 (1966)
Survey of negative-ion-molecule reaction in 0O, (0, Ho0, CO and mixtures
of these gases at high pressures.
(E. CO0,, 0., H30, CO and their mixtures]

J.L. Moruzzi and D. A Price : J.Phys. D7, 1434-1440 {1974)
lonization, attachment and detachment in air and air-CO, mixtures.
[E, €0, + N2 + 0o, Nz + 0]

N. 1. Moskalenko : Sov.Phys. J.No. 2 267-270 (1975)
Intensity of oscillatery-rotational abscrption bands of carbon dioxide.
[, hy., €05]

S.Mrozowski : Phys. Rev. 60, 730-738 (1941)
On the °Tiy — %Il bands of €O0,*. Part I. [E, €0s]

S.Mrozowski : Phys. Rev. 62, 270-279 (1949} -
On the 211, — 2T1¢ bands of CDo*. Part II. [E, (0!

S.Mrozowski : Phys. Rev. 72, 682-69%1 (1947a)
0n the 2II, — 2II. baads of C0,*. Part M. [E, C0;]

S.Mrozowski : Phys.Rev. 72, 691-698 (1947h)
On the 2I1, — °2II. bands of CO,*. Part IV. [E, (021

J.F.Mulligan : J. Chem Phys. 19, 347-362 (1951)
LCAQ self-consistent field calculation of the ground state of carben
dioxide. T, C02]

R.S.Mulliken : Can. J. Chem. 36, 10-23 (1958) -
The lower excited states of some simple molecules.
iT, C0,, N2, CO, €-Ho, 035, NO2, S50, etc.]

M. J. Mumma : Thesis, University of Pittshurgh 1-179 (1970)
Dissociative excitation of atmospheric gases. [E, €05, etc.]

M.J Momma, E. J.Stone and E.C.Zipf : J.Chem. Phys. 54, 2627-2634 (1971)
Excitation of the CO fourth pesitive band system by electron impact on
carbon monoxide and carbon dioxide. IE, €0, CO]

M.J. Mumma, E. J. Stone, W. L. Borst and E. C. Zipf : J. Chem. Phys. 57, 68-75 (1972} K
Dissociative excitation of vacuum ultraviolet emission features by
electron impact on molecular gases. M. COo.. [E, C05]

M. }. Mumma, E. J. Stone and E. €. Zipf : J. Geophys. Res. 80, 161-167 (1975)
Nonthermal rotational distibutionm of CO(A'II) fragments produced by
dissociative excitation of €0, by electren impact. [E, C0,]

F.S.Murphvy and J.E Boggs : J.Chem Phys. 49, 3333-3343 (19568)
Collision broadening of rotational absorption lines. II. Broadening hy
linear molecules and inert gases and the determination of molecular
quadrupole moments. [T. hv, C0», NO, 0CS, N0, 1

- C02 56 —



0 ¥

0 E

0 C

F.Murphy, W. Holzer and H J. Bernstein : Appl.Spectrosc. 23, 211-218 (1969) -
Gas-phase Raman intemsities : Review of "pre-laser” data.
icompilation, C0,, H». HCl., HBr, D2, 0o, No SEg CaFs, etc.]

R.Murray, €. Kruger and M. Mitchner : Appi. Phys.Lett. 24, 180-181 {1974)
Measurements of 9.6 g CO0- laser traasitien probabili¢y and optical
broadening cross-section. [E. Ry, (0, 293 K]

S.Murthy, R Vallauri, H Versmold, U. Zizmermann and K. Singer : Ber.Bumsenges.

Phys. Chem. 89, 18-20 (1983)

EX H.

EX H

Depolarized Ravleigh scattering from COz : An experimental and melecular
dvnamics investigation. [T and E, (0]

_Nagy. L. Nagy and S.Desi : Nucl. Instrum Meth. 8, 327-330 (1960}

Drift velocities of electrons in argen, nitrogen and argon mixtures.
[E. (0, + Ar. Ar, Ar + No, Ar + €H.]

_Nakamura : Aust.J. Phys. 48, 357-363 (1995 OK

Drift velocity and longitudinal diffusion coefficient of electrons iz
€0, - Ar mixtures and electron collision cross sections for €0, molecuies.
[E and T, COp + Ar]

S.Nakata, K. Watanabe and F.M Matsunaga : Sci.Light 14, 54-71 (1965)

Absorption and photoionization coefficients of CO> in the region 580 -
1670 A. [E. hv. CO0z]

_Nakatsuji : Chem Phys. 75, 425-441 (1983)

Cluster expansion of the wavefunction. Valence and Rydberg excitatioms,
iopizations and inner-valemce ienizatioms of (0, and No0 studied by the
SAC and SAC CI theeries. [T, €02, N20!

_R.Nelson and F.J.Davies : J.Chem Phys. 51, 2322-2335 {1969

Determination of diffusion coefficients of thermal electrons with a
time-of~-flight swarm experiment.
[E, COQ, He - Ar, Hz, Nz, CQ0, CH4, C2H4]

.L.Nighar : Phys.Rev. A2, 1989-2000 (1970}

Flectron energy distributions and collision rates in elecirically excited
No, C0 and COs. {T, C0;, N, (0]

_L.Nighan and W.J.¥iegand : Phys.Rev. AID, 522945 (1974) -

Influence of negative ion processes on sieady state properties and
striations in molecular gas discharges. [E, C0,, N, D> %20, NO, C0]

Nishimura : J. Phys. Soc. Jpn. 21, 564-565 {(1966)
Measurement of the excitation function of CO-% bands by electron impact.
[E, CD»:; 100 - 800 eV]

Nishimara : I.Phys. Soc. Jpn. 24, 130-143 (1968}

Excitaiion of No*, 0,7 and CO.* band by eleciron impact.
[E, C0-, Np, 02; see J.E. Mentall {1973)]

- C0Z 57 ~



QT J.C. Nogueira and J.E. Chaguri : Int.J. Quant. Chem. : Quant. Chem. Sympo. 21,

307-311 (1987) -
Semiempirical relationship for the total cross section for electron
scatiering in atems and molecules. [T, C0z, No, CHa4l

1.0gawa, T. Kotzami, B. Shirakawa and S. Takasugi : 5th Int. Swarm Seminar,
Birmingham 36-39 (1987)
The characterisitic erergy of lew—energy electrons in mixzed gases.
[E and T, CO> + Ar, No + Ar, Ne + Er, Kr + Xel

M. Ogawa : J.Chem Phys. 54, 25350-2556 (1971)
Absorption cross sectioms of O, and €, continua in the Schumann and
far-UV regions. 'E, hv. CO02, 02]

G.N.Ogurtsov : J. Phvs.B31, 1805-1812 (1998) K
Differential cross sections for iomizatiom of atmospheric¢ gases by
glectron impact. [E, €0,, Ho,, N,, CO; 1080 - 1000 eV, & = 54.57]

B. Okabe : Photcchemistry of Small Molecules, Wiley (1978)

K. Onda and D.G. Truhiar : J.Phys. B12, 283-290 (1979)
Close-coupling calculations with an INDOX/ls static potential,
semiciassical exchange, and a semi-empirical polarisation potential for
electron - (0, elastic scattering and rotatiomal excitation.
[T, COz; 20 eV]

J.A 0" Neill, C.X. Wang, J.Y.Cat and G.W.Flyen : J.Chem Phys. 88, 6240-6254
(1988) -
Rotationally resolved hot atom collisional excitation of CO, 00°1 and
00°2 stretching vibrations by time-resolved diode laser spectroscopy.
[E, €02; mot e~}

pnd

.0no, Y.Kojima, A. Nishimura, Y. Oguma, K. Soejima. Y. Kiyama, T. Takahasi and

A Danjo : 21st ICPEAC, Sendsi 316 (1999) -

Elastic scattering and vibratiomal excitation of C0» molecule by slow
eleciron coliisions. [E, €0-; DCS, 2 - 10 eV, [5 - 1357]

Y. Oono and Y.Nishimura : Bull.Chem. Soc. Jpn. 50, 1379-1381 (1977) -
Simple relations beiween scatiering cross sections and moleczlar
diameters.

[T, €0-, etc.; mary atoms and molecules; van der Waals volume]

C.B.0Opal, ¥. K. Peterson and E. C.Beaty : J.Chem. Phys. 55, 4100-4106 (1971a)
Measurements of secondarv-electron spectra produced by electron impact
ionization of a number of simple gases.

[E, C0,, He - Xe, H,. N», 0o, NO. CO, Ho0, NH3, CHs, CoH3!

C.B. 0Opal E.C.Beaty and W.K.Peterson : JILA Report No. 108, Boulder 1-117

{1971h)
Tables of emergy and augular distributions of electron ejected {rom

simple gase by electiron impact.
[E, €0, Be - Xe, Hp, N2, 02, NO, €0, H20, NHs, CHs, (oHz]

- €02 58 —



€.B. Opal, B.C.Beaty and W. K. Peterson : Atomic Data 4, 209-253 (1972) -
Tables of secondary-electron-preduciion cross sections.
[E. CUZ, He - Xe, NQ. HQ, CH4, NH3, H20, CO. C2H2, NO]

U.P. Oppenheim and A. D.Devir : J. Opt. Soc. Am. 58, 585-586 (1968)
Determination of C@- line parameters using a €0z - No — He laser.
iE, hy, COQ:[

0.7.0rient and S.K. Srivastava : Chem Phys. Lett. 96, 681-684 (1983) -K
Produciion of 0- from CO- by dissociative electron attachment
[E, COz; 2 — 20 eV]

0.1.0rient and S.K. Srivastava : 14th ICPEAC, Palo Alto 273-273 (1985)
Ionization amd dissociztive ionization of CO, €0: and CHs by electron
impact. [E. €05, €O, CHs; th.- 500 eV]

0.].0rient and S.K Srivastava : J.Phys.B20, 3923-3936 (1987) -K
Electron impact ionisaticn of Ho0, €O, (0, and CHa.
{E, C0p, Ho0, €O, CH4l

Y Oshima. Y. Okamoto and S.Koda : J. Phys. Chem 99, 11830-11833 (1995)
Pressure effect of foreiga gases on the Herzberg photoadbsorption of
DXVEED. [E, hv in 02]

A.P.Osipov and A T.Rakhimov : Sov.J.Plasma Phys.3, 365-369 (1977) -
An ionizational inmstablity in the plasma of an externally sustained
discharge. B, €O, + N, + He]

I.¥.0tvos and D.P. Stevenson : J. Am. Chem. Soc. 78, 546-551 (1956}
Cross-sections of molecules for iomizaticn by elecirous.
[E, COz, fe - Xe, Hz, NQ. 02, CO, N20, CH4 - C5H1‘2, C2H4 - C5H10. C6H6,
PH3, HQS, HCl, CSQ, ETC.]

D.W.0Overall and D.H. Whiffen : Mol. Phys. 4, 135-144 (1961)
Electron spin resonance and siructure of the C0;” radical ion.
[E and T, CB-7]

J.Pacansky, V. ¥ahigren and P.S.Bagus : J.Chenm. Phys. 62, 2740-2744 {1975)
SCE ab-initio ground state energy surfaces for (0, and CO2™. [T. C02]

J.L. Pack, R.E. Voshall and A.V.Phelps : Westinghouse Res. Labo., Research
Report 62-928-113-R1.1-21 (1962a)
Tables of drift veloecities of slew electrons in helium, neon, argon,
krypton, xenon, hvdrogen, deuterium, niirogen, carbon monoxide, carbon
dioxide, water vapor, mitrous oxide, and ammonla.
[E, C0,, He - Xe, Hz, Ds, Nz, (0, H0, N0, NHa; E/N = T = ]

J.L.Pack, R.E Voshall and A. V. Phe!lps : Phys.Rev. A127, 2084-2089 (1962) K
Drift velocities of slow electrons in krypton, xenon, deuterium carbon
monoxide., carbon disxide, water vapor, mitrous oxide, and ammaia.
[E, C0-. Kr, Xe, Do, €O, Ho0, N0, NHs; E/N =0.03 - 25 Td. T = 195 - 410 K
for COQ}

- C0Z2 5% -



A J.1.Pack and A V.Phelps : I.Chem. Phys. 45, 4316-4329 (1966}
Electron attachment and detachment. H. Mixztures of 0z and €D, and of
0, and Ho0. IE, €D + 05, HzD + 02]

S Y. L.Pack, R E. Voshall,A V.Phelps and L. E.Kline : 428d GEC. Palo Alto, E-14
{1989) ; Bull. Am. Phys. Sec. 35, 1809-180G9 (1990)
Experimental and theoretical longitudinal eleciron diffusion coefficients
in molecular gases. [E and T. C0,, D3, N» (D, H>0, N»0, N0, NHzl

0 N.Padial, G. Csanak, B. V. McKay and P. W. Langhoff : Phys. Rev. A23, 218-235 (1931)
Photoexcitation and iomization in carbon dioxide : Theoretical studies in
the separated-channel static-exchange approximaiios. 1. hy. €05}

E N.T.Padial and D.W.Norcross : Phys. Rev.A29, 1742-1748 (1984} -
Parameter—free model of the correlation-polarization potential ior
electron-molecule collisions. iT, C0,, H,, N, HF, HCI, (8]

V A Pagnamenta, M. Kimura, M. Inokuti and K. Kowari : J. Chem. Phys. 89, 622(-6225

EX {1988} -
A Eleciron degradation and vields of initial producis. IH. Dissociative

attachment in carbon dioxide.
IT. CO:; cross section set for 0.08 — 20 eV]

[ S§.Pal : Chem Phys.Letit. 308, 428-436 (1999)
Partial double- and single-differential cross-sections for CO2 by
eleciren collision. [T, C0»: 100 and 500 eV]

S 1.A. Palkina, B.M Smiruov and 0.B.Firsov : Sov. Phys. JETP 34, 1242-1245 (1972)
Electron mobility in dense gases. [T, €02, Ho., ¥N2]

0 D.A Parkes : J.Chem Soc.Faraday Trans. I. 68, 2121-2128 (1972
Negative ion reaction in nitrous oxide + carbon dioxzide mixture.
[E, C0, + N-0]

0 M A Pariseau, l.Suzuki ard J.Overend : }.Chem. Phys. 42, 2335-2344 (1965)
Least-squares adjustment of anharmonic potential constants : Application fo
12C02 and 13(:02. [T, €0», COI

0 A L. Parr, P.M. Dehmer, J. L. Dehmer, K. Deda, J. B. West, M. R.F. Siggel and M. A Haves :
I.Chem. Phys. 100, 8768-8779 (1994)
Selective population of spin-orbit levels in the autoionization eof a
polvatomic molecules : Bramching ratios and asymmefry parameters for the
Tanaka-0gawa Rydberg series inm CO». [E. C0:]

0 G.R.Parr apd J.W Tavlor : Int.]. Mass Spectrom lon Phys. 14, 467477 {1974)
Photoionization mass spectromefry. IV. Carbor dioxide. [E, hv, (02]

0 R Parr and J.E. Brown : J.Chem. Phys. 49, 4849-4852 {1963
Toward understanding vibrations of polvatomic melecules. [T, €O, only]

- €02 60 -



-l

o=

C.K.N.Patel : Phys.Rev.Lett. 13, 617-619 (1964a)
Selective excitation through vibrational energy transfer and gpticai
maser actionp in Mo - COo. [E, €0, + N3l

C.K.N.Patel : Phys.Rev. 136, A1187-A1193 (1964b) -
Continuous-wave laser action on vibratiomal-rotational transitions of
C05. (E. CO,]

}.Peresse : Methods Phys. Anal. 34-36 (1965)
Sections efficaces totales d ionisation, [E, (05,

J.Peresse et B.Tuffin : Methodes Phys. Anal. 3-6 (1967
Determination experimentale des sections efficaces absolutes pour chaque
type d’ ions crees a partir de 0z, Nz, €0z et CHa, par impacts
electronigue. [E, €0z, 02, Nz, CHsl

V.1.Perevalov, E. I. Lobodenko, 0. M. Lyulin and J.-L. Teffo : J.Mol. Spectrosc. 171,
435-452 (1995}
Effective dipole moment and band intensities problem for carbon dioxide.
IT, C0-]

A L Petrov and A A Shepeienko : High Temp. 36, 17-20 (1998) -
Simplified calculation of the average energy and drift velocity of
electrons of the discharge plasma in gas mixtures used in COz lasers.
[T, C02 + N + Hel

7.1L. Petrovic : Aust.J.Phys. 39, 237-247 (1986} -
The application of Blanc's law to the determination of the diffusion
coefficients for thermal electroms in gases. [T, CB2, N». H20j

V.C. Pevgov : Thesis, Moscow Physicotechmical Imsi. (1977)
[E. CO,; aqv(010). see I.V.Kochetov {1979}]

S5.D.Peverimhoff.R. J. Buenker and J.L.Whitten : ]. Chem. Phys. 46, 1707-1716 (1967)
Study of linear stretch in polvatomic molecules : Accurate SCF MO
wavefunctions for CO- and BeFo. [T, C0,. BeFz]

A.V.Phelps : Rev.Mod. Phys. 40, 399-410 (1968)
Rotational and vibrational excitation of molecules by {ow-energy
electroms. [review, 0y, eic.]

A. V. Phelps and C.L.Chen : 2224 GEC, Gatlinburg (1969} : Bull. Am. Phys. Soc.
15, 423-423 (1970}
Vibrational excitation in €O, and positive column maintenance fields CO-
laser mixiures. [E, C02]

A.V.Phelps : Ann. Geophys. 28, 611-625 (1972) -

Collision cross sections for electrons with atmospheric species.
[review, C02, No. 0o. He. N 0, NO, CO0. H,0]

- €02 61 -



A V.Phelps : in Electron-Molecule Scattering, John Wilev & Soms 81-106
{1979)
Applications and needs. [review, €0, N», 0, LiF, N,0, SFs Hs]

E.Phillips, L. C. Lee and D.L. Judge : J.Chem Phys. 66, 3688-3693 (1977)
Dispersed fluorescence observations of the CO (Al — X'Z+)
transitions from photodissociation of €0». (E. hy, (0]

E.Phifiips, L. C. Lee and D. L. Judge : J.Chem. Phys. 65, 3118-3122 (1976
C0{(d*A: — X'Z*} fluorescence from photodissociation of €O, by 923 A
photons. [E. €02}

E.Phillips, L. C. Lee and D.L. Judge : [. Chem Phys. 66, 3688-3693 (1977)
Dispersed fluorescence observations of the CO{A'TI — XX *) transitions
from photodissociation of COs. IE, hw, C02; 1500 - 1800 4]

F.Piuz : Nucl.Iestrum Meth. 205, 425-436 (1983)
Measurement of the lomgitudiral diffasion of a single electren in gas
mizfures used in proportiomal counters.
{E, COQ + Ar, CH4 + Ar, CHg, EfC.]

V. A.Pivovar and T.D. Sidorova : Sov. Phvs. Tech. Phys. 24, 7992-798 {1979)
Numerical studv of the relaxation of the electron distribution in
0>, N-o and He discharges. [, €02 N, BHel

R.T.Poe : Sympo.Eleciron-Molecule Coliisions, Tokvo 49-54 (1979)
Electron-molecule collision theories : The iwo-potential approach and
the hybrid theory approach. [T, €05, N5l

L. 5. Polak and D.I.Slovetsky : Int.J.Radiat.Phys.Chem. 8, 257-282 (1978) -
Electron impact indmced electronic excitation and molecular dissociation
freview, C0z, Hs, No, €0, CH4, etc; for COz 5 - 25 eV]

H M. Poland and G. M. Lawrence : J. Chem. Phys. 58, 1425-1429 (1973)
Doppler broadening of the 0I 1304 A multiplet in dissociative excitation
of COQ and 02. EE, C0-, 02; 20 - 80 EV}

A %.Potts and T.A Williams : J.Elect.Spectrosc Relat. Phenom 3,3-17 {1974) -
The observation of "forbidden” transitions in He I photoelectron spectra.
[E, C0,, N, CO, HCN, CO0S, CS,, No0!

A M. Pravilov and I.0.Shul pvakov : High Fnergy Chem 19, 410-4 (1985)
Photodecomposition of 0, CO0,, and N20 in the wavelemgth regien 123.6 - 135
- {E, COZ, NQS. Gz}

W.M.Preston : Phys.Rev. 57, 887-894 (1940)

Origin of radio fade-outs and the absorpiion coefficients of gases for
light of wave-length 1215.7 A [E, hv, (€0, 0z N, H,0!

- €02 62 -



0 K. C.Prince, L.Avaldi, M. €oreno, R Camilloni and M. de Simene : J. Phys. B3Z,
2551-2567 {1999)
Vibrational structure of core to Rydberg state excitations of carboen
dioxide and dinitrogen oxide.
{E. hy, €0o N20: 292 - 298 and 538 - 542 eV]

0 W.C.Price and D.M Simpson : Proc. Roy. Soc. London A169, 5061-512 (1938) -
The absorption spectra of carbon dioxide and carbon oxysulpkide in the
vacuum ultra-violet. TE, hyv, CO0 COS]

V T.Qipnghua, Li X1 and M. Jimgchi : Int. Sympo.on Electron- and Photon-
Molecule Collisions and Swarms, Berkeley H-30 - #-31 (1995)
Energy dependence of the cross sections of the vibrational tramsitioas
in low-energy =lectron collisions with the €02 molecule.

[, €0z}

a Y.Qui, X Ren, Z.Y.Liu and M. C. Zhang : J. Phys. D22, 1553-1554 (1989)

A Measurement of ionization and attachment cocefficients in gas mixtures of
difluorodichloeromethane and carbon dioxide. [E, CO0z + CClaFs]

0 M. K. Raarup, I H Andersen and T.Andersen : J.Phys.B32 L659-1664 (1999)
Metastable state of COp” with miliisecond lifetime.
[E. C0,: see A Dremw (1999)]

{0 J.¥ Rabalais, J. M McDona!d, V. Scherr and S.P.McGlyan : Chem. Rev. 71, 73-108
(1971)
Electronic spectroscopy of isselectronic molecuies. N . Linear triatomic
groupings containing sixteen valence electrons.
Ireview, C0s, N20, 0CS, {So. etc.]

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

E D.Raj : Phys.Lett. A160,571-574 (1991) -
A note oo the use of the additivity rule for electron-molecule elastic
scatiering. [T, CO», 02 €0, CFs; 100 - 800 eV]

QT C. Ramsauer and R.Kollath : Ann. Phys. 83, 1129-1135 (1927)
Gber den Wirkungsquerschnitt der Kohlensauremolekule gegeruber langsamen
Elektronen. [E, €0-: 0.49 and 1.4 eV}

0T C.Ramsauer and R Kollath : Ann. Phys. 4, 91-108 (1929)
Uber den Wirkungsquerschaitt der Nichtedelgasmolekule gegenuber Elektronen
snterhalb 1 Volt. [E. C0,. Hp, 0o, Nz, €0, CHs:; 0.18 - 1.5 eV for COz]

QT C.Ramsauer and R Kollath : Ann. Phys.7,176-182 {1930)
Uber den Wirkungsquerschmitt der gasmolekule gegenuber Elektromen
unterhalb 1 volt: Nachtrag. [E, CO0p, N0, Hz]

F C.Ramsauer aand R Kollath : Ann. Phys. 0, 143-154 (1931a)
Die Winkelverteilung bei der Streuung langsamer Elektronen an Gasmolekulen.
I. Forisetzung.
E, C0,. Ne. Kr, Xe, No. CO, CHs; DCS, 1 - 25 eV for (O]

- (02 63 -



tm

€. Ramsaver and R Kollath : Phys. Z.32 867-870 (19311b)
Die Winkeiverteilung bei der Streuung langsamer Elektronen an Gasmoleculen.
[E, €05, Ar, Hp; DCS, 1.5 eV, 20 - 160" for CO»]

C. Ramsauer and R.Kollath : Anm Phys. 12, 529-361 (1932)
Die Winkelverteilung bei der Streuvung langsamer Elekircnen an
Gasmolekulen. I. Fortsetzung.
[E, CO,, He, Ne, Ar, Hz, CO: DCS tables; 1.5 - 9.3 eV, 15 - 167.5° for COsJ

M. ¥.V.5. Rao, R J.Van Brunt and J.K. 0ithoff : 50th GEC, Madison 1747-1747 (1997)
Kinetic-energy distributions of positive and negative igns in DC
Townsend discharges of carbon dioxide. [E, C0-; E/N = 3.5 - 20 kTd]

D. Rapp and D.D. Brigiia : Report LMSC-6-74-64-40, Lockheed Missiles and Space
Company 1-59 (1964)
Total cross sections for negative fon formation in gases by electron
impact. [E, €@, 05, CO. No0O, NO. Hsl

D. Rapp. P. Englander-Golden and D.D.Briglia : I. Chem. Phys. 42 4081-4885 (1965a)
Cross sections for dissociative ionizationm of molecules by electron
impact. {E. COQ. Nzﬁ, H2, Nz, 02, CO, Nﬂ, CH4]

D. Rapp and P.Englander-Golden : J.Chem. Phys. 43, 1464-1479 (19650} QK
Total cross seetions for ionization and attachment in gases by eleciron
impact. I . Positive ionization.
[E, €02, He - Xe, Hz, Ds, No, 02, CO, NO, No20, CHs C(oHs, SFs, th.- 1800 eV]

D. Rapp and D.D. Briglia : J.Chem. Phys. 43, 1480-1489 {1965¢) K
Total cross sections fer ionization and attachmenmt in gases by electron
impact. . Negative-ion formation. {E, €0, H,, 05, CO, NO. N.0, SF¢]

G. Rathenau : I. Phys. 87, 32-56 (1933)
Untersuchnng am Absorptionspectrum von Wasserdampf und Kohlendioxyd im
Gebiet unter 2000 A. [E, kv, (0; Hy0!

P. Rawat, K. P. Subramanian and V.Kumar : Pramana J. Phys. 50, 447-457 (1998 O
Total electron scatterings for carbon dioxide at low eleciron energies.
[E. CO2; 0.91 — 9. 14 eV, error 3%

R.E. Rebbert and P. Ausloos : J. Res.Natl. Bur.Stand. 75A, 481-485 (1971)
lonization quantum yields and absorption coefficients of selected
compounds at 58.4 and 73.6 - T4. 4 pm.

[E, C0,, Ar, Xe, Ho. Ho0, H:5, 0, CO, N, NO, N-0, NHs, CHs, CoHs, CzHs,
CeHs, (oHo, (pHa, CoHs0H, ({Fq, CFsClo, (Cla, etc.]

J. A.Rees : Aust.J. Phys. 17, 462-471 (1964) -
Measurements of Townsend' s erergy facter ks for electrons in carbon dioxide.
[E, COz; Dx/p. 0.3 - 150 Td at 293 K]

D.F.Register, H Nishimura and S.Trajmar : J.Phys.B13, 1651-1662 (1988) OK

Elastic scattering and vibrational exzcitation of CO- by 4, 10, 20 and
50 eV electrons. [E. COp: DCS, 15 - 140°]

— C0Z 64 -



0 1. Reid }. Shewchun and B.K Garside : Appl.Phys. 17, 349-353 (1978)
Measurement of the transition strength of the 00°2 9.4 um sequence band
in €0, using a tunmable diode laser. [E. hy, C02]

0 I.Reineck,C.Nahre,R.Maripuu,P.Ledin,S.H.Al-Shamma,H.Veenhuizen.K.Karlssen
and XK. Siegbahn : Chem Phys. 78, 311-318 (1983
Bigh-resolution UV photoelectron specirum of COz. [E, hv. (05]

E T.N.Rescigno.D. A Byrum ¥. A Isaacs and . ¥ McCurdy Phys. Rev. A6Q, 2186-2193
QT (1999 O
Theoretical study of low-energy electron-C0, scattering : Total, elastic,
and differential cross sections. [T, €CO>: 0.25 - 10 eV}

0 K B Richter - J.Elect.Spectrosc. Relat. Phenom. 60, 127-153 (1992}
Determination of numerical data from polychromatic ESCA spectra and
their verification. [E, C0,. CHs, eic.]

0 B.A Ridlev,R Atkinson and K. H. Weige : J. Chem. Phys. 58, 3878-3880 (1373)
Photodissociative production of 0('S) from €0z 0, 0z and N0 at the
1216-A Lyman-a !line. [E, hv, €0, 02 03 N0

1 F.F. Rieke and W.Prepejchal : Phys.Rev. AS, 1507-1519 (1972) -
lonization cross section of gasecus atoms and molecules for high-energy
electrons and posifrons.
[E, €0, He - Xe, Hg, Ha, Np, 0o, NO, €O, H20, etc.. total 40 gases;
> 100 keV]

§ W Riemann : I.Phys.122 216-229 (1944)
Untersuchung der Elektronenlawine mii der Nebelkammer.
{E, €02, 02, Nz, No % 02, Hy, Ar]

E M. E.Rilev,C.J. MacCallum and F.Biggs : Atomic Pata Nucl.Data Tables 13,
443-476 (1975), Erratum 28, 379-379 (1983)
Theoretical electron-atom elastic scattering cross sectioms. Selected
elements, 1 keV to 256 keV. T, C, 0, etc.]

0 C.P. Rinsland and D.C.Brerner : Appl. Opt. 23, 4523-4528 {1984)
Absclute intensities of spectral lines im carbom diexide bands near
2050 cm™ 1. [, hv. E£02}

0 C.P.Rinmstand.D. C.Benner and V.M Devi : Appl. Opt. 25, 1204-1214 {1986)
Absolute lipe intensities in COp bands near 4.8 um in CO-.
[E. hy, C0; V.M.Devi — V.Malathy Devij

o A V.Risbud and M. S.Naidu : Indian J.Pure Appl.Phys. 16, 32-36 (1978) -
A Sparking potentials and ionization coefficients in some electron-negative
gases and their mixtures. {E, €0z, Cla, Bra, SFs, CCIoF2]

0 A M. Robinson and D.Garand : Appl.Opi. 28, 967-969 {(1989)
Extended high temperature measurement of absorption at 10.4 pm in €0,
E, hv, C0,; 540 - 775 K, compilation for 293 - 775 K}



0

0

S.D. Rockwood : I. Appl. Phys. 45, 5229-5234 (1974)
Effect of electron-electron and efectron-icn collisions in Hg C0,./N:/He,
and CO/N, discharges. i1, €82 + No + He, ete.]

G.Romanowski and K. P.Wanczek : Int.J.Mass Spectrom Ion Phys. 70, 247-257

{19386) -
The influence of stagnmation pressure and eleciron energy om the
unimolecuiar decompositior of €0, microclusters. [E. (CO2)n]

L. Rosenmann, J. ¥. Bartmann, M. Y. Perrin and J. Taine : Appl. Opi. 27, 3902-3907
(1988}
Accurate calculated tabulations of IR and Raman C0, line broadening by
€0z, H20, Nz and 07 in the 300 - 2400 K f{emperature range. [T, CO-]

C.Rossetti et P.Barchewitz : Compt. Rend. Acad. Sci. B262, 1199-1202 {1966a)
Spectroscopie moleculaire avec source laser. Determination du moment de
transition vibrationmel et des largeurs des rales de vibration-rotation
de la tramsition vz — v, de {0, (E, hv. CO:]

C. Rossetti, F. Bourbonneux, R. Farreng et P. Barchewitz : Compt. Rend. Acad. Sci.

B262, 16841686 {1966h)
Spectroscopy mekeculaire avec source laser. Moment de transition de
vitration-rotation pour la fransition 00%1 - 18°0 de CO,. [(E, hy, (05]

C.Rossetti, R Farreng et P. Barchewitz : J.Chim Phys. 64, 93-99 (1967)
Laser moleculaires a excitation haute frequence : Coefficient
d’ amplification et d absorption dans les gas excites vibrationellement.
E. C02, CO2{v); excited with rf discharge]

A R.Rossi and K.D. Jordan : J. Chem. Phys. 70, 4422-4424 (1979)
Comments on the structure and stability of (€05} 5.
[T, C0s, CO2™, (CB5)5]

L.S.Rothman and L.D. G Young : J. Quant. Spectrosc. Radiat. Transf. 25, 505-524

(1981)
Infrared energy levels and intensities of carbon dioxide.- I. [E, CBO5]

P.Roy, I. Nenner, M. Y. Adam. J. Delwiche, M. J. Hubin Franskin, P. Lablanquie and
D.Roy : Chem. Phys. Lett. 109, 607-614 (1984)
On the photoionization shape resonance associated to the C2Z,% state of
C05+. [E, hy, CO0z; 25 - 55 eV]

P.Roy, T. A. Ferrett, V. Schmidi, A. C. Parr, S. H. Southworth, J.E Hardis, R Bartlett,
W.Trela and J.L. Dehmer : J.Physiq. 48, C9-765-768 (1987)

A siudy of vibronic coupling in the C state of COo%.

[E, hv, C0s; 20 - 28.5 eV]

P.Roy, I. Nenner, P. Millie, P. Morin aud D. Roy : J.Chem Phys. 84, 2050-2061 {1986)

Experimental and theoretical study of configuration interaction states of
C0,*. [E. hv. COz; 30 - 55 eV]

- €02 66 -




EX

EX

-1

P.Roy. R §.Bartlett,¥W.J. Trela, T. A.Ferrett, A. C. Parr, S.H. Southworth, J. E. Hardis,
V.Schmid: and J.L.Dehmer : J. Chem. Phys. 94, 949-956 (19%1)

Vibronie coupling and other many-body effects in the 40. ! photoioniza-
tion channel of C0s. [E, kv, C02: 20 - 28 eV]

W.Roznerski : J.Phys. D7, 2545-2553 (1974}

Diffusion and ionization studies for electron swarms in carbon monoxide
and carbon dioxide. [E, €0,, CO]

¥ Roznerski and J. Mechlinska-Drewko : Phys. Lett. AT0, 271-274 {1979a) -

Ratio of the lateral diffusion coefficient to the mobility for electrons
in carbon monoxide and carbon diexide. [E, C0,, CO: E/N = 0.3 - 184 Td]

W.Roznerski and J.Mechlinskaz-Drewko : J. Physique Coltog. C7, 40, 149-1540

(1979b)
The ratio of tateral diffusion coefficient to mobility for electrons
in oxvgen and carbon diopxide. [E, €02, 0@2; E/N = 80 — 400 Td]

W. Roznerski and . Mechlinsks-Drewko : Acta Phys. Pol. A57, 283-285 {1980

The ratio of lateral diffusion coefficient to mobility for electrans in
carbon dioxide at moderate E/N. [E. CO-:; 185 — 489 Td, 293 K]

W.RBoznerski and K Leja : 14th ICPIG, Dusseldorf 68-69 (1983)

Electron drift velocities in nitrogen, oxygen, carbon monoxide and
carbon dioxide at moderate E/N values.
[E. CO0,. No. 05, CO; E/N = 50 - 250 Tdj

W.Roznerski and K. Leja : J.Phys.DIT7, 279-285 {1984) K

Electron driit velecity in hydregen, nitrogen. o0xvgen, carbon monoxide,
carbon dioxide and air at moderate E/N. [E, (0o, Ho. Noo 0z CO, No + (2]

W.Roznerski and }. Mechlinska-Drewko : J.Phys. D27, 1862-1865 (1994) X

Eleciron transport parameters in carbon dioxide for the atiachment
region. [E, CO5; 50 - 300 Tdl

E. Rudberg : Proc. Roy. Soc. Losdon 130, 182-196 (1930)

Energy losses of electroms in carbon monoxide and carbon dioxide.
[E, CO,, €0; 74 - 165 eV]

J. B. Rudd f[see R.H Healev and J.W.Reed (1941) p. 98]

V.D.Rusanov and A A Fridman : Sov. Tech. Phvs. Lett. 4, 11-12 {1978) -

Dissociation of CO, in a high-pressure nonequilibrium plasma. [, C0s]

V.D. Rusanov, A. A. Fridman and 6. V. Sholin : Sov. Phys. Usp. 24, 447-474 (1981) -

The physics of a chemically active plasma with noneguilibriem vibrational
excitation of molecules. [review, (0o, Hs, 05, N», €0, I, CHg etc. ]

K. R.Rvan and J. H Green : J.Sci.Instrum. 42, 461-464 (1965)

Kinetic energy of fragment ions using a radiof:equency mass speciromeier.
[E. C02. N (O]

- C0Z 67 -



S

QT

<o

H.T. Saelee, J. Lucas and J.W.Limbeek : IEE J. Solid State Electron Devices 1,
111-116 (1977} -
Time-of-flight measurement of eieciron drift velocity and longitudinal
diffusion coefficient in nitrogen, carbon momoxide, carbon dioxide and
hydrogen. [E, €05, No, €0, Hz: E/N =35 - 710 Td for C0:]

T. Sakae, A. Hamada and H Nishimura : Ann. Report of NIFS, April 1996-March

1997, 180-1380 (1997
Total electron scattering cross section of COs. [E, €0z2; 4 - 10060 eV]

¥. Sakai, S. Kaneko, B. Tagashira and S. Sakamoie : J.Phys.Di2, 23-31 (1979)
A Boltzmanm equation analysis of electron swarm parameters in Ch:
laser mixtures. [T, €0, + N» + Hel

Y. Sakamoto, M. Hoshino,'S. Watanabe, M. Okamoto, M. Kitajima, H. Tanaka and M. Kimura :
EMS-99, Tokyo 187-188 (19499a)-
Elastic differential cross sections of linmear triatomic molecules by
electron impact. [E, CO,, OCS, €S:. ¥.0; 1.5 - 180 eV]

Y. Sakamoto. S. Fatanabe, M. Kitajima, H Tanaka and M. Kumupra : 2ist ICPEAC,

Sendai 286 (1999b) ‘K
Elastic differential cross sectiamns of €02, O0CS. and CS, by electron
impact. [E, €82, GCS, CSo: 1.5 - 100 =v, 15 - 130°]

V. Saksena, M. 5. Kushwaha and S.P.Khare : 20th ICPEAC, Vienna WE 089 (1997)
Tonization of moleculues by high energy electrons. [T, €05,

J.A R Samson : Thesis, University of Southern California 1-84 {1959)
Mass spectroscopic determination of different ions produced by the process
of photoionization. [E, hv, CO0sz,

J.A. R Samson, J. L. Gardner and }.E.Mentall : I.6Geophys. Res. 77, 5560-5566 (1972)
Photoionization and photoabsorpiion cross sections of CO> at 584 A
[E. kv, C02]

J.A R Samson and J.L. Gardoner : J.Chem Phys. 58, 3771-3774 {i973a)
Flugrecent crass sections and yields of CO2* from thresheid to 185 A
{E, by, €03]

J.A R Samson and J. L. Gardner : J. Geophvs. Res. 78, 3663-3667 (1973D)
Fluarescence excitation anrd phatoelectron spectra of CO. induced by
vacuyum ultraviolet radiation between 185 and 716 A {E, hv, C0:]

j.A. R Samson, T. Hasucka and W. T. Husiress : Geophys. Res. Leii. 8, 405-408 (1581)
The production rate of C* from the photoionization of CO ard CO-.

{E, hv, C0z CO; th.- 90 A]

J.A R Samson and L.Yin : J.Opt. Soc. Am. B6, 2326-2333 (1989}
Precision measurements of photoabsorption cross sectioms of Ar. Kr, Xe,
and selecied molecules at 58.4, 73.6, and 74.4 nm
[E, hy, Cﬁz, Ar - Xe, Ho, No, 02, co, Nzo. CH4]

- C02 68 —




EX

EX

L. Sanche and G. 1. Schulz : 3. Chem. Phys. 58, 479-493 (1973)
Electron transmission spectroscopy resonances in iriatomic molecules and
hYdI‘OCEIbODS. [E, C'DQ, N20, HQS. C2H4, NOz. C5H5, 302, H20. CH4}

I.H.Sandersan,R.V.Thomas,w.A.Bryan,W.R.Newell,I.D.Williams,A.J.Langley and
P. F. Taday : J. Phys.B31,L59-L64 (1998) -
High-intensity femtosecond laser imteractions with vibrationally excited
£0,. [E. hy. C0p: 60 fs pulses at 750 nm, 293 and 473 K]
B.Sangi : PhD Thesis, Univ. of Manchester (1971}
[E. C0,, SFs:; E/N = 95.4 - 4550 Td]

M. C.Sawer, J1.: in Advances in Radiation Chemistry. Vel b, Filey-Interscience
87- {1976}

T.Sawada, D. J.Strickliand and A E. S.Green : 7. Geophavs. Res. 77, 4812-4818 -(1972)
Electron energy deposition of COo. [T, €02}

M.N. Sawmy and J. A Barrison : J. Phys.DZ, 1437-1446 (1969)
Effect of atiachment and multiple iomization on ln(e/p) againmst p/E
curves.
[T. C0,. €O, 0, Cla SFs. CCl12Fs, SiCls, CF38Fs, N2 t 02, Hz, D-]

G.C.Schatz - J.Phys. Chem. 99,516-524 (1995)
Quasiclassical trajectory studies of state-resolved bimolecular reactions :
Vibrational disiributions in iriaiomic products. [T. not &7}

J.A.Schiavone : 1. Chem Phys. 70, 2236-2241 (1979a)
Dissociative excitation of C0z by electron impact : Transiational
spectroscopy of O** fragments. {E, (0]

J.A Schiavone, S. M. Tarr and R.S.Freund : J. Chem Phys. 70, 4468-4473 (1979b)
High-Rydberg atomic fragments from electron-impact dissociation of
molecules. [E. €0, Ho., Do, CHs. N2, CO0, some hydrocarbons]

H Schlumbohm : Z. angew, Phys. 11, 156-159 (1959)
Elektronen-Stossionisierungskoeffigient (@) for organische dampfe und
Sayerstoff (aus der tragerstatistik vom Elektronenlawinen).

[E.

B Schiumbohm : 4th ICPIG, Uppsala 1, 1B 127-130 (1960}
A method for determiring the icnmisation coefficient by the statistics of
avalanche. [,

B Schlumbohm : Z. Phys. 166, 192-206 (1962)
Elektonenlawinen in elektronegativen Gasen. Zur gleichzeitigen Messung
des siossionmisierungs und Anlagerungskoeffizienten @ und n fur Elektronen
und der Geschwindigkeiten pesitiver und megativer lomen.
[E.

- C0Z 69 —



S H Schlumbohm : Z. Phys. 182, 317-327 (1965a)
Messung der Driftgeschwindigkeiten von Elektronen und positiven Ionen in
Gasen. [E, C0o, N, 0., Hy, CHy4, CeHg, etc.]

5 W Schlumbohm : 7. Phys. 184, 492-505 (1965h)

a Stossionisierungskoeffizient @, mittlere Elektronenenergien und die
Beweglichkeit von Elekironen in Gasen.
[E, CO02, Ho, No. 02, CHs, CeHs, etc.; D/n, W, &, n:7T-= K]

O M. Schmidbauer.A. L. D. Kilcovne, H. -M. Koppe, J. Feldhaus and A. M. Bradshaw : Phys.
Rev. A52, 2095-2108 (1995) X
Shape resonances and multieleciron effects in the core-level photo-
ionization of CO,. [E. COz; hv = 300 - 340 and 540 - 600 eV]

0 M.W. Schmidt, K. K Baldridge, J. A Boatz, S. T.Elbert, M. S. Gordon, J. H. Jensen.
et al.: J.Comput. Chem 14, 1347-1363 (1993)
General atomic and molecular electreric structure sysiem. [

E B.I.3chneider and L. A . Collins : J.Phys.Bl4, L10}-L106 (1981)
A linear-algebraic apprecach to electron-molecule collisions.
[T, (02, N, H, LiH]

0 R.I.S3c¢choen : Can.J.Chem 47, 1879-1960 (1969)
Laboratory measurements of photoionization, photcexcitation, and photo-
detachmesnt. Review, hy, COz 05 Nz, NGO NOs, H,0]

E E.Schultes, R. Schumacher and R.N. Schindler : Z.Naturforsch. 29a, 239-244 (1974) -
Bestimmung von Streuquerschmitten fur thermische Elekironen aus der

Linienform von ECR-Signalen.
[E. (02, N20, He, Ar, Ha, 0. N CO0, Ho0, CHsNH», CH5CN]

S G.Schultz and J.Gresser : Nucl.Instrum. Meth. 151, 413-431 (1978) -
A study of transport coefficients of electrons in some gases used in
proportional and drift chambers.
[E. C02, €0z + Ar, etc.; electron ¢.s.set for CO,l

A G J.Schulz : Phys.Rev. 128 178-1856 (1962) -
Cross sections and electron affinity for 0~ ioms from 0, €0, and CO,
bv electron impact. [E, €O, 02 CO: 3 - 12 evV]

A G J.Schulz ard D. Spence : Phys.Rev.Lett. 22, 47-50 (1469) -
Temperature dependence of the omset for negative—iom formationm in €O0,.
[E, C02; 300 - 950 K; see Spence (1969)]

V G J.3chulz : in_Gasecus Electronics, North-Holland Pub. Co., 87-100 (1974)
Vibrationai excitatior of molecules via shape resonaces.
[review, (02 No. €0, 05]

V G J.Schulz : in Principies of Laser Plasmas, John Wiley & Soms, Chapter 2,
33-88 (1976}
A review of vibrational excitations of molecules by electron impaet at
low energies. [review, (0 No, Hp, 0z C0. No0, H,0, NO}

- 002 70 -




Vv G.J. Schulz - in Electron-Molecule Scattering, John Wiley & Soms, Chapter 1.

1-56 (1979)
A& review of vibrational excitations of molecules by electron impact at
low energies. [same as 6. J.Schuiz (1976}

B.D.Schurin and R.E.Ellis : Appl. Opt. 9. 223-224 (1970)
Total intensily measurements for the €0: bands in the 961 cm~! and
1061 ¢z~ * regions. {E, hyv. €02)

R. P. Schwenker - J.Chem. Phys. 42, 2618-2619 (1965}
Transition probability of 2FI. — X?II¢ system of CO02*. [E, C02; 200 eVl

D.Scutaru, L. Rosenmann, J. Taine, R. B. Watisen and L. 5. Rothmazn : J. Quant
Spectrosc. Radiat. Transf. 50, 179-191 (1993)
Measurements and calculations of C0- absorption at high temperature in
the 4.3 and 2.7 um regions. [E, hy., €05 C0, + No: 360 - 750 K]

P.Seal and M.V.Naravan : Iumdian J.Phys.52B. 435-438 (1978) -
The effect of nen-spherical short range interactions on momentum tramsfer
cross sections for e — CO and e - L0, collisions.
[T. €0, CO:; 0.01 - 0.1 V]

T.J].Sears : Mol.Phys.59, 259-274 (1986)
Observation of the v, band of CO0* by diode laser absorption.
[E, (05: 200 eV]

H.J.J. Seguin, D. McKen and J.Tulip : Appl. Phys.Lett. 28, 487-489 {1976)
Photon emission and photoionization measursments in the €02 laser
environment. [E, hv. C05]

#.7.J.Seguin, D. McKen and J.Tutip : Appl. Opt. 16, 77-82 {1977)
Photoabsorption and ionization cross sections in a seeded €Oz laser
mixiures. [E, hy. (82]

S Sekine, K. Kokubun, $. Ichimura and H Shimizu : Jpn. J. Appl. Phys.. Part 2, 324,
L1284-L1285 (1993)
Nonresonant multiphoton iomizaticn of Hp, €0 and CO- by second harmonics
of picosecond YAG laser. [E, hy, €0, Hs, COI

T.X. Sham, B. X. Yang, J. Kirz and I.S.Tse : Phys. Rev. A40, 652-669 (1989} -
K-edge near-edge X-ray-absorption fine structure of oxygen- and carbon-
containing molecuies in the gas phase. [E, C0,. €0, 0CS, €oHs0H, etc.]

A Sharmaz and F.Sauli : Nucl.Instrum Meth. A350, 470477 {1994} -
Low mass gas mixtures for drift chambers operation.
[T, €0, + He, COp + He + iC4H10, efc. ]

V.N.Sharma, D.N. Tripathi and D.K. Rai : J.@Quant. Spectrosc.Radiat. Transf. 11,
283-289 (1971)
Flectronic ionization and recombination coefficient for atmospheric
malecules. I . Electron impact ionization cross-sections.
[T, C0p, N2, 0, H2, NO, (0]

- C02 71 —



0 D.A Shaw, 6. C.King and F. H Read : Chem. Phys. Lett. 129, 17-23 (1986
Observation of inmer-shell tripiet states of COs and N»0 and of innmer-shell
fine structure in Kr and Xe. [E. €02, N20, Kr., Xe]

G D.A Shaw, D.M.P.Holland, M. A. Haves, M. A. MacDonald, A. Hopkirk and S. M. McSweeney -
Chem. Phys. 198, 381-396 (1995)
A study of the absolute photoabsorption, photciconisation, ané photo-
disseciation cress sections and photolonisation quantem efficiency of
carbon dioxide from the ignisation thresheld to 345 A [E, hy. (03]

0 D.E. Shemansky : J.Chem. Phys. 56, 1582-1587 (1579
C0, extinction coefficient 1700 - 3000 A [E, C03]

EX J.C.Shiloff : Dissertation, Ohio State University (1955)
A collision cross-section study of carbon dioxide with a theeretical
treatment of the 8.61 and 9.16 volt tramsitions. [T, €85)

EX J.C. Shiloff and E.N. Lassettre : Sci.Rep. 18, Ohio State University,
AD-152 467, 1-94 (1957
A collision cross section study of €Oz with a theoretical study of
two tramsitions. [T, C0,]

A H Shimamori and R. W Fessenden : J. Chem. Phys. 69, 4732-4742 (197%)
Mechanism of thermal electron attachment N0 - CO; mixtures in the gas
phase. [E, €0, + N20j

R I.Shimamera : Chem Phys.lett. 73, 328-333 (1980)
State-to-state rotational trapsition cross sections from enresolved
energy-loss specira. [general theory]

R I.Shimamura : Phys. Rev. A23, 3350-3353 (198D
Energy loss by slow electirons and by slow atoms in a molecular gas.
[general theory]

R I.Shimamura : J.Phys. BI5, 93-100 {19823)
Sum rules for the rotational structure in the molecular transitions
spectrum. [general theory]

R I. Shimamura : Z.Phys.A309, 107-117 {1982h)
Moments of the spectra for rotational trarsitions induced by collisicns
or by external perturbations. [gemeral theory]

R I.Shimamura : Phys. Rev. A28, 1357-1362 {1933)
Partiali-sum ruies for and asymmeiry between rotatiomal transitions
] £ AT « 7, [general theary]

.Shimamura : Sci.Pap. Ipst.Phys. Chem Res. 82, 1-51 (1989 -
v Cross section for collisions of electrons with a atoms and molecules.
[compilaticn, NO, He - Xe, Hs, Ny, 0, etc.]

o]
bt

o

- €02 72 -



[#o]

(]

==

I.Shimamura : Phys. Rev. A46. 1394-1399 (1992)
Scaling of the cross sections for vibrational transitions.
[general theory]

T.Shimanouchi - Natl.Stand. Ref.Data Ser.. Natl.Bur.Stand. 39,1-164 {1972) -
Tables of moiecular vibrational! frequencies. Consolidated volume. I.
feompilation, for €8z p. 39]

T.¥.Shyn, W. E. Sharp and G.R.Carignan : Phys.Rev. Al7,1855-1861 (1978) OK
Angular distribstion of electrons elastically scattered from CO5.
[E. C0p: 3 - 90 eV, normalized by He c.s. calcunlated by La Bakn (1870)]

T.%. Shyn and W. E. Sharp : Phys. Rev. A20, 2332-2339 {1979) K
Doubly differential cross section of secondary electrons ejected from
gases by electron impact : 50 - 480 eV on (0-. [E, {0>: 68 - 12 - 1687]

K. C.Siddagangappa, C. S. Lakshminarasimha and M. S.Naidu : J.Phys. D15 L8B3-L86
(1982) -
Eleciron attachmeni im binary mixtures of electronegative and buffer
gases. [E KIPH SEs, CCIZFQ}

R A.Sierra, H L Brooks and XK. J.Nygaard : Appl.Phys.Lett. 35 764-765 (1979)
Fleciton drift velocities in Np, CO and (N> + CO2} laser mixtures.
[E. €02, No, (02 + N2l

R A Sierra, B L. Brooks, A. J. Sommerer, S. R Foltyn and K. J. Nygaard : j. Phys. D14,
1791-1801 ({1981)
Effective swarm parameters and framsport coefficients in CO; laser
miziures. [E, C0,, CO02 + N2, N 0, + N5 # Bel

M.R.F. Siggel.]. B.West, M. A Haves, A. €. Parr, J. L. Dehmer and 1. iga : J. Chem. Phys.
59, 1556-1563 (1993)
Shape-resonance-enhanced continuum-continuem coupling in photoionization
gf COo. [E. by, (0z; 20 - 50 eV]

Y. Singh : J.Phys.B3, 1222-1231 (1970)-
Scattering cross sections for slow electrons in polyatomic gases.
[T, 0o, CO, N20; 0.0l - 8.1 eV}

J.M.Sirota, D.C. Reuter and M. J. Mgmma : J.Quant. Spectrosc.Radiat. Transi.

50, 193-198 (1993)
lutensities and broadning coefficients for the Q branch of the 4y, <«
vi1t v (471.511 cu™?) band of C62.  [E, hv. C0g]

¥.N.Sivkov, V. X. Akimov, A. . Vinogradov and T.M. Zimkima : 0pt.Spectrosc. 57,
160-162 {1984}
Study of the fine structure of K absorption spectra in the CO2 mo'lecule.
{E, hv. C0s5]

M.Sizun and S. Goursaud : J.Chem Phys. 71, 4042-4049 (1979)
A classical trajectory study of the fragmentation of 0> ?Z¢
IT. €6-]

+

- €02 73 -



=

H.Sjogren : Ark.Fys. 32 529-535 (1966)
Fermation of carbon dioxide ions after electron and ion impacs.
[, Cog]

A. M. Skerbele M. A.Dillon and E. N. Lassetire : J. Cher. Phys. 49, 5042-5046 (1968)
Excitation by electron impact of vibrational transiticns im water and
tarbon dioxide at kinetic energies between 30 apd 60 eV. [E, €05, H,0]

M. F. Skinker : Phil. Mag. 44, 994-999 (1922
The motion of electrens im carbon dioxide.
[E, CO0z; E/N = 0.6 — 168 Tdl

T.G. Slanger, R. L. Sharpless, G. Black and S.V.Filseth : 1. Chem Phvs. 61, 5022-5027

{1974)
Photodissociation quantum vields of C0- beiween 1200 and 1500 A

[E, hy, CUQ]

T.G. Slanger, R. L. Sharpless and G. Black : . Chem Phys. 67, 5317-5323 (1977)
{0, photodisscciation, 1060 - 1175 A. [E, Ry, C05]

T.G. Slanger and G. Black : J. Chem. Phys. 68§ 1844-184% (1978)
0> photolysis revisted. [E, hy, C0,]

P.V.Siobodskava : Opt. Spectrosc. 22, 14-17 (1967)
Study of the relaxation time of the vibrational state correspending to
the 4.3 mm absorption hand of carben dioxide by means of a spectirophone.
I. Determination of c4.3 of undiluted carbon dioxzide.
[E. CO2; 4.2 us)

P.V.Slobodskaya : Opt. Spectrosc. 34, 391-394 (1973)
Determination of relaxation time for CO, bending vibration by
spectrophone. [E, hy, (02; 14.8 p band]

AL S Smith and J.M Austin : J. Phys.D7,314-322 (1974)
Dissociation mechanism in plused and continuous CO- lasers. [, C02]

H.D. Smyth and E. C. 6. Stuckelberg : Helv. Phys. Acia 2, 303- (1929)

H . D. Smyth and E. C. G. Siuckelberg : Phys. Rev. 36,472-477 {1930)
The ionizationm of carbon diexide by electron impact.
[E, (0z: CO2*, COY, ©F, C¥]

H.D. Smyth : Rev.Mod. Phys. 3, 347-391 (1931)
Products and processes of ionization by low speed elecirons.
[review, (0., Hg, He - Ar, Hs, No, 0, NO, €0, HCI, I, K., K Np0, N0,
H.0, H.S. {o.No., NH3, CHa, CsHg, CaHiol

N.N.Scholev and V. V. Sokovikov : JETP Lett.5 99-101 (1967) -

Irfluence of rate of disintegration of the lower laser level on the power
of a €02 laser. [T, €02: discuss the laser power generation]

- C02 74 -




N.N.Sobolev and V. V. Sokovikov : Sov.Phys.Usp. 18, 153-170 (1967} -
C0, lasers. [review]

W.Sohn, K. -H. Kochem, N. Hevel, K. Jung and H. Ehrhardt : 13th ICPEA(, Berlin
240-240 (1983)
Threshold behavicur in the cross section of electron scattering om COz.
[E, CO,:; 0.3 - 1.2 eV; see Kochem (1985)]

D. Spence and G. J. Schulz : Phys. Rev. 188, 280-287 (1969) -
Temperature dependence of dissociative attachment in 0O, and (0.
[E, 0,, 0-: 300 - 1000 "X, see Schulz (1969)]

D. Spence, J. L. Mauer and 6. J.Schulz : J.Chem Phys.57,5516-5521 {1972) -K
Measurement of total inelastic cross sections for electron impact in Nz
and CO-. [E, 05, No: B - 3.8 eV for CO2l

D. Spence and G. J.Schulz : J.Chem. Phys. 60, 216-220 {1974} X
Cross seciions for production of 0.~ and - by dissociative electron
aitachmeni in CO, : An observation of the Rennmer-Teller effect.
[E. €05]

F.E.Spencer, Jr. and A V. Phelps : 15ih Svympo. Engineering Aspects of
Magnetohydro dynamics. Philadelphia 103-111 {1976)
Momentum transfer cross-sections and conductivity integrals for gases of
MED interest.
lcompitation. CO», etc.: Qm, O - 100 eV, many aitoms and molecules]

A Spielfiedel, N. Feantrier, C. Cossart-Magos, G. Chambaud, P. Rosmus, H. -1, Werner
and P.Botschwina : I.Chem. Phys. 97, 8387-8388 (1992) -
Bent valence excited states of €0 [T, C02]

R. Spohr and E.Von Puttkamer : I. Naturforsch. 22a, 705-710 {(1967)
Energiemessung von Photoelektronen und Franck-Condon Faktoren der
Schwingungsubergange einiger Molekulionen.

[E. €02, Ho. D2, 02, Nz, NO, N0, Hz0, CoHol

T.H% Spurling and E.A. Mason : J. Chem Phys. 46, 322-326 (1967)
Determination of molecular quadrupale moments from viscosities and second
virial coefficients. [T. €0», N, 0, NO, CO, F, Nz0, CzHz, CoHgl

A N.Srivastava : Indian J. Phys. 46, 191-192 (1472) -
On the formation of CO,~ in the microwave discharge in COs. [ . CO2]

S.K.Srivastava and 0.7J.0rient : Phys. Rev. A27.1209-1212 (1983} C
Double e-beam fechnique for collision studies from excited states :
Application to vibrationally excited CO». iE. C02: 0 — 20 eV]

S.K.Srivastava - Rep. JPL-Pub-87-2 (1987}
Parametrization of electron impact ionization cross sectiomrs for CO,
COQ, NH3 and 302. [E, COz. Co, NH3. 302}



EX W Sroka : Z Naturforsh. 25a, 1434-1441 (1970)

-t

Light emission in the VUV by dissociative excitation of CO. with low-
energy electrons. [E. CO5]

W.Sroka and R. Zietz : Phys.Lett. A43. 493-494 (1973)
The formation of excited COo% ioms by vacuum uitravielet radiation.
[E, €05]

A. Stamatovic anmd G. J.Schulz : Phys.Rev. 188, 213-216 (1969) -K
Excitation of vibratiomal modes near threshold in CO2 and N2O.
[E, CO0z, N2B]

A.Stamatovie and G 1. Schulz : Phys. Rev. A7, 589-592 (1973) K
Vibraticnal excitation of €0 fragments in dissociative attachment iz C0s2.
[E. C05]

A Stamatoviec, K. Stephan and T.D. Mark : Int. ). Mass Specirom. lon Process. 63,

37-47 (1985) -
Eleciron attachment and electron ionization of van der Waals clusters of

carhon dioxide. [E, (COx)n, N = 15, 2 - 18C V]

E.J.Stansbury, M. F. Crawford and H. L. Welsh : Cas. J. Phys. 31, 954-961 (1953
Determination of rates of change of polarizability from Raman and
Rayleigh intensities. [E. CO-, Ho, Do, HC1, HBr, No, 0», CHa]

W.L.Starr and M. Loewenstein : }. Geophvys. Res. 77, 4790-4796 (1972)
Total absorptien cross sections of several gases of aeronomic interest at
584 A [E, hv, €0, No 0o Ar, C0. N0, N0, NHs, CHi, Ho, H2S]

W.L.Starr : J.Geophys. Res. 81, 3363-3367 {1976)
Absorption croess sections of some atmospheric molecules for resomantly
scattered 01 1304-A radiation. [E, hv, (D3 02 N2, CHz, N0, CO]

G.Stefani, R. Camilloni, A. Giardini-Guidoni, R.Tiribelli and D. Vinciguerra : 10th
ICPEAC, Paris 1,368-369 (1977)

Mapping of molecular orbitais in Cz and SFe obtained by

[E, (02, SF¢]

K Stephau, J. % Futrell, K. I. Peterson, A. W Castleman, Jr. and T.D. Mark : J. Chem
Phys. 77, 2408-2415 {1982)
An electron impact study of carbon dioxide dimers in a supersohic
molecular beam : Appearance potemtials of {C0z) 2. (€C0C02) %, and (ArC0,)*.
[E, (CO2) 2]

J.A. D Stockdale, B.P. Pullen and A.E Carier : Int.}. Mass Spectrom. lon Phys.
17, 241-247 (1975) -
A simple method of obtaining excitation funciicns in digital form :
Application to eleciron impact dissociative ionization of COs.
[E, C02; 6 - 50 eV]

- CO2T6 -



OT G.Strakeljahm, J. Ferch and W. Raith : 19th ICPEAC, Whistler 428-428 (1993)

Low energy eleciron scattering from vibrationally excited N0 and CO..
{E, €0z, No0; 0.3 - 6 eV, 320 and 520 K]

QT G.Strakeljahn, J. Ferch and W.Raith : J. Phys. B (1998) submitted O

I

QT

Flectron scattering on vibrationally excited N20 and C0s.
[E, €0, NoO:; 8.3 - 6 eV, 320 and 520 Kl

H C.Straub, B. G. Lindsay, K. A. Smith and R.F. Stebbings : J. Chem. Phys. 185,
4015-4022 (1996) OK

Absolute partial cross sectioms for electron-impact ipnization of CO»
from threshold to 1060 eV. [E, C0; CO»*, CO*, C027%, 0%, Ct, g2+, €2*]

] Strickland and A.E. S.Green : J.Geophys. Res. 74, 6415-6424 {1969)

Eleciron imapct cross sections for €0s. [T, €0: 10 — 1000 eV]

Syeokz and S.Mori : J.Phys. Soc. Jpn. 53, 2491-2500 (1984) O

Total cross-seciions for positrons and electrons colliding with No,
CO and €0, molecules. [T, CO,, Nz, CO0: 1.2 - 403 eV]

.Sueoka,M.Kawada,A.Hamada,Y.Sakamnto,S.Watanabe,M.Kitajima,H.Tanak&
 Kimura, M. Takekawa and Y. Itikawa : EMS-99, Tokyo 183-184 {1999) K

Vibrational excitation by electron impact on CO2 and OCS moliecules.
(E and T, €0,, 0CS]

V. Sumin and M.V.Gur'ev : Sov. Phys. JETP 35, 1057-1061 (1972)

lonization of atoms and molecules by electron impact. Emergy loss and
momentum transfer. B, €0,, He - Kr, Hp, Np, Ho0; 30 - 300 eV]

Sun and G L.Weissler : J.Chem Phys. 23, 1625-1628 (1955)

Absorption cross sections of carbon dioxide and carbon monoxide in the
vacuum vliraviolei. {E, hv, COo (O]

Sun, Y. Jiang and L. Wan : Phys.Lett. A195 81-83 (1994)

Total cross sections for electron scattering by molecules.
[T. €05, €O, N, 02; 10 - 800 eVl

"Suzuki : J.Mol.Spectrosc. 25, 479-500 (1968)

General anharmonic force constants of carbon dioxide.
[T, C05: see Pariscau (1965)]

N.Swamy and J. A Harrison : I. Phys.D2, 1437-1446 (1969a)

Effect of attachment and multiple iomization on ln{a /p) against p/E
Curves. [E, CBs, Clz, S8Fs. CCl2F,, $iCls, CF3SFs, 02, No + 0-]

_N.Swamy and J.A Harrison : 9th ICPIG, Bucharest 1,44- {1969b)

Effect of attachment and multiple ionization on Townsend' s @.
[E, €02,

R.Swanson, D.Dill and J.Dehmer : J.Phys. B13,L231-L234 (1980)

Nuclear motion effects in the photoionisation ef COz. [T, hv. E0-]

— €02 7T -



g1

QT

QT

QT

R

Cz. Szmytkowski and M. Zubek : J.Phys. B10,L31-134 (1977
Calculation of the cross sections for resonant vibrational exzcitation of
C02 by electron collision. [T, C02]

Cz. Szmytkowski, M. Zubek and J. Drewko : I.Phys.BI1 L371-1376 (1978a)-
Calculation of cross sections for vibraticmal excitation and
de-excitaion of COp by electronic collisions. [T, €02: 2.2 - 5.6 eV]

Cz. Szmytkewski and M. Zubek : Chem Phys.Lett.57, 105-108 (19780 OK
Absolute total electron scattering cross section of CO, CO, and OCS in
the low energy region. [E, CO,, €0, 0CS: 1.5 - 8 eV]

Cz. Szmytkowski -+ 13th ICPEAC, Berlin 242-9242 {1983
Absolute total electron scattering cross sectioms for triatomic molecules
in low energy region. [E, €Oz, O0CS, N20, €S82: 0.4 - 38 ev]

Cz. Szmytkowski, A. Zecca, G. Karwasz, S. 0ss, K. Maciag, B Marinkovic, R.S. Brusa and
R.Grisepti : J. Phys. B26, 5817-5825 (1987) OK
Absclute total cross sections for electron-CO, scattering at energies

from 0.5 to 3000 eV. [E, C03)

C.Szmvikowski : Z. Phys.DI3, 69-73 (1989) -
On trends in total cross sections for efectron {positronm) scattering om
atoms and molecules at intermediate energies.
[T, €05, CSo, ; 106 - 500 eV, polarizability]

T. Takatsuka and V. McKoy : Phys. Rev. A24, 2473-2480 {1981) -
Excitation of the Schwinger variational principie bevond the static-
exchange approximation. [general theory]

T. Takatsuka and V.McKoey : Phys. Rev. A30, 1734-1740 (1984) -
Theory of electronically imelasiic scattering of electrons by molecules.
[genera! theory]

K. Takavanagi : Fast. Space Aeronaunmt. Science, RGAMP-Bibl.5 1-86 {1969
Atomic Coilisions : Bibliography No. 8 X H. Electron coilision with
atems and molecules (experimental) Part I ({(1921-1960)

K. Takavanagi and Y. [tikawa : in_Advances in Atomic and Molecular Physics,
Vol. 6, Academic 105-153 (1970) -

The rotational excitation of molecules by slow electrons.

[review, C0z, NO, N, Hy, 02 HCI, CO, CN, N0, NHs]

K Takayanagi : Inst. Space Aergnaunt. Science, RGAMP-Bihl -§ 1-
Atomic Collisioms : Bibliography. Electrom collision with a
al)

molecules (theoretical). Part I (1924-1963)

- C02 78 -




K. Takaveznagi : lust. Space Aeronaunt. Science, RGAMP-Bibl. 7, 1-117 (1973) -
Atomic Collisions : Bibliography. Electron collisien with atems and
molecules (experimental). Part T (1961-1967)

K. Takavanagi : Inst. Space Aeronaurt. Science, RGAMP-Bibl. -8, 1-91 (1974} -
Atomic Collisions : Bibliography. Electronm coilisicn with atoms and
molecules (theoretical}. Part NI (1964-1967)

K. Takavanagi : Inst.Space Aeromaunt. Science, RGAMP-Bibl. -9, 1-81 (1975) -
Atomic Collisions : Bibliography. Electroa collision with atoms and
molecules (theoretical). Part I (1968-1970).

M. Takekawa and Y. Itikawa : J.Phys.B29, 4227-4239 (1996) -K
Flastic scattering of electroms from carbon dioxide.
[T, CO,: DCS, 3 - 60 eV]

M. Takekawa, 1. [tikawa, M. Kimura, 0. Sueoka and A Hamaca : Electron-Molecule
Collisions and Swarms. Engelberg P41 (1897) -
Vibratiopal excitations of CO» in electrom and positron scattering from
CG». [T, C02]

M Takekawa and Y. Itikawa : 20th ICPEAC. Vienna WE093 (1997) -
Vihrational excitation of carbon dioxide by electron impact : symmetric
and antisymmetric sirefching modes. (T, C02]

M Takekawa and Y. Itikawa : J.Phys.B31,3245-3261 (1998a) -
Vibrationa! excitation of carben dioxide by electron impact : symmetric
and aptisymmetric stretching modes. [T, €05l

M. Takekawa, Y. Itikawa, M. Kimura, 0. Suecka and H. Takaki : blst GEL, Mani
361-362 (1998b)
Mode-dependence of vibrational excitation in C02 by plectron and positrom
impact. IT and E, €02; 2 — 6 V]

M. Takekawa, M. Kitajima, S. Fatanabe, T. Ishikawa, M. Kinura and Y. Itikawa : 5lst
GEC, Maui 365-366 {1998c)
Vibrational excitation in €0z by electron impaci. [T, C0,; 4 - 35 eV]

M. Takekawa and Y. Itikawa : Atomic Collision Res.in Jpn. 24, 1-12 {19984
Vibrational excitation of carben dioxide by electron impact Bending
mode. [T, €05}

W Takekaws and Y. Itikawa : 2Ist ICPEAC, Sendai 311-311 {1999a)
Thegretical study of electron scattering from carben dioxide : Excitation
o{ bending vibration. [T, €0}

M Takekawa and Y. Itikawa : J.Phvs.B32, 4209-4223 (1999b]
Theoretical study of electron scattering from carbon dioxide : Excitation
of bending vibration. [T, C05; 2 - 50 ¢V]



il

Tanaka, T. [shikawa, T. Masai. T. Sagara, L. Boesten, M. Takakawa. V. Itikawa

and M. Kimura : 20tk ICPEAC, Vienna WE085 (1997) -

=

Elastic collisions of low- to intermediate energy electrons from
carbon dioxide : Experimental and theoretical differential cross sections.
[E and T. €05]

.Tanaka, T. [shikawa, T. Masai, T. Sagara, L. Boesten, M. Takekawa, Y. Itikawa and
.Kimura : Phys. Rev. A57, 1798-1808 (1998) QK

Elastic collisiens of low- to intermediate—energy electron from carbon
dioxide : Experimental and theoretical differential cross sections.
[E and T, CB2; DCS, 1.5 - 108 eV, 15 - 130 ° ]

.Tanaka. A. S. Jursa and E. J.Le Blanc : J. Chem. Phys. 32 1199-1205 (1960)

Higher ionization potentials of linear triatomic molecules. 1. C0s.
[E. COp; 18.23 and 19. 38 eVl

.Tanaka and M. Ogawa : Can.J Phys. 40, §79-886 (196%2)

Rydberg absorption series of CO2 converging to the 2FI, state of CO0,*.
[E, hy, CUQ]

.Tawara and R A Phaneuf : Comments At.Mol.Phys. 21, 177-193 (1988) -

Atomic and molecular data requirements for fusion plasma edge stiudies.
[comments, €0, H 0, T, He, 0, 0, H,0, Li, Ne - Xe, CuHn, CO]

.Tawara : Nationa! Inst. for Fusion Seience, NIFS-Data-19,1-74 (1992)

Atomic and molecular data for H20, €O and €0z relevant to edge plasma
impurities. [review, C0,, H:0, O]

.H.Teich : 7.Phys. 199, 394-410 (1967)

Emission gasionisierender Strahlung aus Elekironenlawinen. II. Messungen
tn 02 - He-gemischen, Dampfen, (O, und Luft : Datemzusammenstellung
[E, €D, 0, + He, No + 0]

.H.Teichk ard D.¥W. Bremston : 2nd ICGD, I, 335-337 (1972)

Light emission from electron avalanches in electronegative gase and
nitrogen. [E, CO0s,

.Teillet-Billy : JI.Chim Phys.Chim. Biol. 90, 1239-1265 (1993)
Attachment and electren bombardment. [review; C0,, Hs, HCI]
.Tennyson and L. A. Morgan : Phil.Trans. Roy. Soc. London A357, 1161-1173 (1999)

Electron collisions with polvatomic molecules wsing the R-matrix methed.
[T, CO., N20, 05, Hy0]

-Thiel : Chem Phys. 57, 227-243 (1981)

A comparative theoretical study of photoionization cross sections and
angular distributions. [T, hy. (02, (0, Hp, Nz 05]

.Thiramalai, K. Onda and D. G. Truhlar : J.Phys.B13, L619-L622 (1980)

Excitation of the asymmetiric stretch mode of €0p by electron impact.
[T, C02: 06! mode at 10 eV: 33rd GEC, Norman 27 (1980)]

- COZ 80 —




E D.Thirumalai, K Onda azd D. G Truhlar : J.Chem. Phys. 74, 6792-6805 {1981a)

R Electron scatiering by €0- : Elastic scattering, rotational excitation,
¥ and excitation of the asymmetric stretch at 10 eV impact energy.
EX [T, C0:]

V D.Thirumalai and D.6. Truhlar : J. Chem. Phys. 75, 5207-5209 (1981h)
Improved calculation of the cross section for excitation of the
asymmetric streich of {0, by electron impact.

[T, C0,; 001 mode, DCS, 10 eV]

0 B.A.Thompson, P. Harteek and R.R. Reeves, Jr.: J.Geophys. Res. 68, 6431-6436
{1963)
Ultravioiet absorption coefficients of (02, CO, @2, Hz0, N-0O, NHa, NO,
S0, and CHs between 1850 and 4000 A. (E, hy. (0, NHs, CHs, etc.]

¥V D.G. Thompsen : in Advances in Aicmic and Molecnlar Physies, Vol. 19, Acadenmic
Press 309-343 (1983) -
The vibrational excifation of molecules by electiron impact.
[review, (0, Ho, Nz, €0, HCI, eic.]

E D.G. Thompson and F. A. Giantvreo : Comments At.Mol. Phys. 16, 307-316 (1985}

v Theoretical considerations in the scattering of slow electrons by poly-
atomic molecules. [comments, (0., {Hs, Ho0, HoS, NHs, CFy, CCls, SiHg,
$iCls, SiFs, SFe. CHs, CoHsCi, CeHsCls, OCS. CS»]

0 A M Thorndike : J.Chem Phys. 13 868-874 (1947)
The experimental determination of the intensities of infrared absorptiom
bands. . Carbon dioxcide, methane, and ethane. [E, hv, (0, CHs. CzHs)

I (.Tian and C. R Vidal : 1. Chem. Phys. 108, 827-936 (1998a) OK
Electron impact dissociative iomization of COz : Measurements with a
focusing time of flight mass specirometer. 'E. C0-; 17.5 - 300 eV]

1 C.Tian and C.R Vidal : Phys.Rev. A58, 3783-3795 (19985 CK
Single to quadruple ionization of CO, due to electron impact.
[E, £0-: partial, 25 - 595 eV]

E R Tice and D Kivelson : J. Chem. Phys. 46, 4748-4754 (1967) X
Cvclotron resomance in gases. 0. {ross sections for dipolar gases zand
for COo. [E, CO,. CO, N;0, NHs, S0, Hz0, D0, HCN!

EX I.Tokue. H.Shimada, A. Masuda and Y. Ito : J.Chem Phys. 93, 4812-4817 (1990) -
I Vibrational distributions of the A2II, state of CO>* and (8. produced
by electron impact on jet-cooled COz and CS». [B, €05 CS2]

1 1.Tokume, A. Masuda, H Kume and Y.Ito : Chem Phys. 158, 161-169 (1391)
Rotational distributicns of No0T (A2Z %}, COD2* (A2I1,) amd CS2* (APTI.)
produced by electron-impact iomization. [E. €0, N0, (S:]

0 R.A Toth : | Mol.Spectresc. 53, 1-14 (1974)

Wavenumbers, strengths and self-broadened widths of €0, at 3 uzm
[E. hy. C05]

- C0Z 81 -



0 R A.Toth : Appl.Opt. 24, 261-274 (1985)
Line positions and strengihs of C0o in the 1200 - 1430-cz .
[E. hy, C0:]

S 1.S.Townsend and P.J.Kirkby : Phil.Mag. 1. 630-642 (1901)
Conductivity produced iz hydrogen and carbonic acid gas by the motion
of megatively charged ions. [E, C0,, H-]

F S.Trajmar, D.F.Register and A Chutjian : Phvs. Rep. 97, 219-356 (1983)
v Electronm scattering by molecules. II. Experimental methods and data.
EX [compilation, for €02, p.318-325]

E S Trajmar and D. F. Register : in Electron-Mciecule Collisions, [.Shimamura
and K. Takavanagi {Ed), Plenuk Press 468- (1984}
Experimental techniques far cross-section measurements.
freview, (02, etc.]

E K ¥W. Trantham, C. J. Dedman, J. C. Gibson and S.J. Buckman : 50th GEC. Madison
1727-1727 (1997)
Absolute electron scattering cross section measurements at backward
angles. (E. €02]

EX M. Tronce, G. C. King and F. H. Read : J.Phys. B12, 137-157 (197%a) K
Carbor K-shell excitatien i small moiecules by high-resolution electron
impact. [E, €0, (Hi, CF., €0, COS8, (pH., {-Hs: 1.5 kev]

¥V M Tronc. R Azria and R Painmeau : J.Physique Lett. 40, L323-L324 (1979h) K
Shape resgnances in vibrational excitation of molecules : [100]
symmetric strech mode excitation in CO-. [E. (0]

V M. Tronc and A Azria : Svmpo.Electron-Molecule €ollisions, Tokvo 105-109
(1979c)
Resonances in vibrational excitation of molecules at kinetic energies
between 5 and 35 eV. [E, €05, see M.Tronc (19794)

-~

M. Tronc, R Azria et R Pazineau : Compt.Rend. Acad. Sci.B288, 367-370 (19794)
Role des resonances de forme dans | excitation vibraticnmelle des
molecules : Excitation du mode d' eiongation symetrique [180] dans €O0:.
[E, C02; 1 - 35 ¢V, DCS at 90°, 10.8 and 30 eV resonance]

0 C.M Truesdale D.W. Llindle, P.H Kobrin, U. E. Becker, H. G. Kerkhoff, P. A. Heimann,
T.A Ferrett and D. A. Shirley : 1. Chem Phys. 88, 2319-2331 (1984)
Core-level photoelectron and Auger shape-resonance phemomena in CO, COs,
(Fs4 2gé 0CS.  [E. €0, CO. 0CS, CFel

0 D.G Truhlar, X. Onda, K. A. Eades and D. A. Digon : Imi.J Quant. Chem.: Quant. Chem.
Svmp. 13, 661-632 (187%)
Eifective potential approach to electron-molecule scaitering theory.
[T, €0,. N2, Hs]

- €02 82 -



0 T.Tsuboi, N.Arimitsu and J.-M. Hartmann : Jpn. J. Appl. Phys., Part 2, 324,
L1778-L1780 {1993
High-iemperature absorption by pure C0» far line wings in the 4 um
region. [E, hv. C02]

0 H Tsuji, M. Nakamura and Y. Nishimura : J. Chemw Phys. 103, 1413-1421 {19945)
Nascent rovibratienal distribution of €0{A*II} produced in the
recombination of {0-* with electrons. [E. e + 0. — CO + 0]

0 W Tsuji.M Nakamura and Y.Nishimura : J.Chem. Phys. 108, 8031-8038 (1998
Nascen: rovibrational distributions of CO(d®A,, e*2 -, a’3Z7) produced
in the dissociative recombinaticn of CO.* with electrons. IE, €0-]

A M. Tsukada, N.Shima, S. Tsuneyuki, 5. Kageshima and T. Kondow : J. Chem. Phys. 87,
3927-3933 (1987)
Mechnism of electron attachment tc van der Waals clusters @ Application
to carbon dicxide clusters. (T, (CO0z)n, N =2 - 13]

EX S. Tsurubuchi and T. Iwai : J.Phys.Soc.Jpn. 37, 1077-1081 (1974)
I Simultaneous ionization and excitatiom of €02 by electron-impact.
[E, C0,: emission from €0z*, th. - 400 eV}

¢ D.¥. Turner and D.P.May : J.Chem Phuys. 46, 1156-1160 (1967)
I Franck-Condon factors inm iomizatien : Experimental measurement using
molecular photoeleciror spectroscopy. II. [E, hy, (0, CO0S, CS»2, N0

0 D.W. Turner, (. Baker, A.D. Baker and C.R. Brundle : Molecular Photgelectron
Spectroscopy, Wiley-~Inferscience (1970)

0 D.C.Tvie : Electron. Lett.5, 447-448 (1969)
Mean eleciron energy in a carbon dioxide laser plaska. [E, C0-]

0 M. Ukai, K Kameta, N. Kameta, N. Kouchi, K. Nagano, Y. Hatano and K. Tanaka : J.Chem
Phys. 97, 2835-2842 (1992)
Autoionizing-resonance enhanced preferential photodissociation of COz in
superexcited states. [E, hv., C0,; 30 - 92 nn]

1 C.Vailance, P.W Harland and R G. A.R Maclagen : J.Phys. Chem. 100, 1502115026
{1996) -
Quantum mechanical calculation of maximum electron impact single
jonization cross sections for the inert gases and small molecules.
[T, CUQ. He - Xe, Ho, Nz, 02. Co, NO, Hzﬂ, NH3, CHA,, CH3C1. ETC.]

EX P.J.M. van der Burgt, W.B. Westerveld and J. S.Risley : I Phys. Chem Rei.Datz
18, 1757-1805 {1989) -
Photoemission cross sections for atomic transiiions in the extreme
ultraviolet due t0 electron collisions with atoms and molecules.
[review., (05, He - Xe, Ho, 02, No, C0O, NO. H-0, CH,, NHs. ete. ]

- €02 83 -



0 0.5.van Roosmalen, A. E. L. Dieperink and F. lachello : Chem. Phys. Lett. 85, 32-36

(1982) -

A dynamic algebra for rotation-vibration spectra of complex meoliecules.
{T. COp; vib. energy levels]

¥V 0.5.van Roosmalen, F. fachello, R.D. Levine and A E. L. Dieperink : J.Chem. Phys.

o

79, 2515-2536 (1983)

Algebraic approach te molecular rotatiom-vibration spectra. [. Triatomic
molecules. [T, C0p, HCN, H3']

R.Velotta, P.Di Girclamo, V. Berardi, N. Spinelli and M. Armenante : J. Phys. B27,
2051-2061 (1994) -

Kinetic-energy distribuiions of charged fragments frem 0, dissociative
ionization. [E, COo: 40 - 130 eV]

H.F.A Verhaart : PhD Thesis (1982)

Avalanches in insmlating gases. {E, COs,

. Villarejo,R Stockbauer and M. G. Inghram : J. Chem. Phys. 48, 3342-3343 (1968)

Photoionization of (0, and the Franck-Comdon principle for polvatomic
molecules. [E, kv, (03]

JE.Virr, J. Lucas and N. Koztoleom : 1st ICGD, Lomden I.530-533 (1970)

Measurements of D/ for electron swarm in gases at high E/p
[E. (0o,

.A.Vostrikov and M. R. Predtechenskii : Sov.Phys. Tech. Phys. 30, 529-534 (1985)

Interaction of electrons with CO, van der Waals clusters.
[E, €02, (COxin; N = 3000, 1 - 200 eV]

.A.Vostrikov and I.V.Samoilov : Sov.Tech Phys.Lett. 18, 228-229 (1992} -

The formation of clusters of negative nifrogen ions by electron capiure.
[E, €0o, No!

.B.Wagner, F. J. Davis and 6.5 Hurst - I.Chem Phys. 47, 3138-3147 {1967)

Time-pf-flight investigations of electron tramspoert in some atomic and
melecular gases. [E, C0o, He, Ar, Ho, No, C0, CHy, CoH4l

.Waibel and B. Grosswend: : Nucl. Instrum. Methods B53, 239-250 {1881) -K

Degradation of low-energy electrons im carbon dioxide - epergy loss and
ionization. [E. €02: 30 - 5000 eV]

.Wainfan, W. C. Walker and G.L.Weissler : Phys.Rev. 89, 542-549 (1955)

Fhoiotenization efficiencies and cross sections in G2, No, Clz, A, H2U,
B2, and CHy. [E. €02, Ar, 0z, etc.: 473 - 1100 A]

.D.Walsh : I.Chem. Soc. 2266-2288 (1953}

The electronic orbitals, shapes, and specira of polvatomic molecules.
Part H. Non-hvdride AB, and BAC molecules
[compilation. €Oz, N20, N0z §$02. etc.]

- 02 84 -



[

L.-S.Wang, J. E. Reutt, Y. T. Lee and D. A Shirley : J.Elect. Spectrosc. Relat.
Phenom. 47, 167-186 (1983) -
High resolution UV photoelectron spectroscopy of CO2*. COS* amé CSz°
using supersonic molecular beams. [E, C0z CO0S, CS;]

I.M. Warman, U. Sowada and D. A. Armstrong : Chem. Phys. Lett. 82, 458-461 (1981} -
Concerning the density and temperature dependence of the electrom mobility
in high-pressure COs.

[E, CD,: muitiple scattering, temporary negative ioa formation]

P.Warzneck : Disscuss. Faraday Soc. 37, 57-65 (1964)
Reaction of 'D oxveen atoms in the photolysis of carbon dioxide. [E, CO2]

J.W.Wzrrexr : Nature 165, 810-811 (1950)
Measurement of appearance petentials of ions produced by electron impact,
tsing a mass specirometer. [E, C0,, Ne, Kr, 0p, CHsCHO!

R.W.Warren and J.B. Parker, Jr.: Phys. Rev. 128, 2661-2671 (1962)
Ratio of the diffusion coefficient to the mobility coefficient for
electrons in He, Ar, Nz, Ho, Do, (0, and €0, at low temperatures and
low E/D. lE, C(]z, He, Ar, Ng, Hz, D2, CO]

K. Watasabe, E.C. Y. Inn and M. Zelikoff : J. Chem. Phys. 20, 1569-1970 {1952)
Absorption coefficients of gases in the vacuum ultraviolet.
[E, C0p. 02; 1050 - 2500 A]

K Watanabe M. Zelikoff and E. C.Y. Inn : AFCRC Techmical Report 53-23,
Air Force Cambridge Research Center, AD-19780, 1-79 (1953)
Absorption coefficients of several atmospheric gases. [, €02

S Watanabe, Y. Sakamoio, M. Kitajima, H. Tanaka and M. Kimura : 21st ICPEAC,
Serdai 318 (1999) -

Vibrational excitation cross section of e- + CO- scattering.

[E, COp; DCS, 1.5 - 30 eV]

W.S.Watson, D.T. Stewart. A. B. Gardner and M.Lyach : Planet.Space Sci. 23,
384-386 (1975
The photoabsorption coefficients of CO and €0z in the region 350 to 650
A [E, hv. (02 CO]

T.S. Wauchop and H. P. Broida : J. Geophys.Res. 76, 21-26 (1971}
Cross seciions for the production of fluorescence of 02" in the
photoionizatien of CO> by 58 4-nanometer radiation. [E, hy, (05}

A B.Wedding : I.Phys.D18, 2351-2359 (1985)
Fleciron swarm parameters in a COz : No : He : C0 gas mixture.
E and T, C0» + N» + He + (0: measurement E/N = 100 - 500 Td}

G. L. Weissler,]. A R Samson, M. Ogawa and G.R. Cook : 1.0pt. Soc. Am. 49, 338-349
(1959)

Photoionization analysis by mass spectroscopy.

[E. C0,, N20, ND», He - Ar, 0o, Np, (0. NO; 430 - 1570 Al

- €02 85 -



e~

EX

EX

L=}

EX

e

K.H.Welge and R. Gilpin : J.Chem. Phys. 54, 4224-4227 {1971}
Time-of-flight spectroscopy of CO, photodissociation in the vacuum
uliraviolet. Electron emission from cesium serface by metastable singlet
oxygen atoms. [E, hv., (0]

C.S.Weller : Thesis, University of Pittsburgh 1-75 (1967)
Recombination, attachment and diffusion studies in NO and COs.
[E, €05, NO]

W.C.Wells,W.L.Borst and E.C. Zipf : J.Geophys. Res. 77.69-75 {1972a)
Production of CO{a3II) and other metastable fragments by eleciron impact
dissociation of CB,. [E, €0;]

W.C.Wells and E.C.7ipf : Trans. Amer. Geophys. Union 53, 459-459 (1972hn)
Absolute cross sections for the dissociative excitation of 01 (559 and
its radiative lifetime. [E, €0z 05]

B.L.Whitten and N.F. Lane : Phys. Rev. A26. 3170-3176 (1982) K
Near-threshold vibrational excitation in electron-C0, collisions : A
simple madel. [T, CO2; 6.08 - 1 eV]

W.J.Wiegand, M. C. Fowler and J. A. Benda : Appl. Phys. Lett. 16, 237-239 (1970)
Carbon monoxide formation in €O, lasers. [E, CO5!

G.R. Wight and C.E. Brion : }.Elect.Spectrosc. Relat. Phenom. 3, 191-3205 (1974) K
K-shell emergy loss spectra of 2.5 keV eiecirons in €0, and N,0.
[E, C02, N20]

P.G.Wilkinson and H. L. Johnston : J. Chem Phys. 18, 190-193 {1950)
The absorption spectra of methane, carbon dioxide, water vapar, and

ethylene in the vacuum ultraviolet.
[E. C02, CHg, H20, CoHg; 1400 — 2000 A]

C.¥Winkler and T.D. Mark : Int.].Mass Spectrom. Ion Process. 133, 157-164
(1994) -K
Experimental investigation of the electron impacs ionization cross-
section beheviour near threshold. [E, €02, He, Kr. 0 N3]

N.¥.Winter, C. F. Bender and W. A Goddard M : Chem Phys.Lett. 20, 489-492 (1973) -
Theoretical assignments ef low-lving electromic states of carbon disxide.
[T, C0.]

B.H. ¥inters, 5. Silverman and W.S. Beredict : J.(Quant. Spectrosc. Radiat. Transf. 4,
527-537 (1964)

Line shape in the wing beyond the band head of the 4.3 xn band of €0»

[E, C02, CO, + (N2, 02); 2397 - 2575 c¢m 1]

C.F. Wong and J.C.Light : Phys. Rev. A33, 954-697 (1985} -

Vibrational excitation and dissociative attachment of a2 friatomic
molecule : C0- in the collinear approximatien. [T, C02; 4 - 4.8 &V]

- 002 86 —




9 C.Y.R Wu, E.Phillips,L.C. Lee and D.L. Judge : 7. Geopays. Res. 83, 4869-48712
(1978)
Atomic carbon emission frem phetodissociaticn of CQ.. [E, hv, (02}

0 C.Y.R Wu F.7.Chen, T. Hung and D.L. Judge : J.Elect. Specirosc.Relat. Phenom.
g0, 13-16 (1996) -
Studies of fluorescence from photoexcitation of N, and COp in the 28 - 100
eV region. [E. hy. (02 Nz; 295 and 650 Ki

S @ -H Xu,Q M Chen and §.Li : J.Phys.DZ7, 795-800 (1994) -
Monte Carlp simutation of electron tramsport coefficients in magnetically
confined CO, gas laser discharges. [T. €05]

0 B X Yang J. Kirz and T.K Sham : Phys.Rev. A36, 4298-4310 (1987}
Oxvgen K-edge exiended X-ray-absorption fime-structure studies of
molecules containing oxyges and carbon atoms
E. hy., (0, (0, 0CS. CoHsOH C(4Hs0, etc. ]

0 X -F Yang, |.-L. Lemaire, F. Rostas and J. Rostas : Chem. Phys. 164, 115-122 (1992)
VUV laser absorption study at 110.6 om of the rotationally structured ..
IT1.3 3pIly, 3= . Rydberg state of CO». [E, hy., (0]

0 H Yoshida and K.Mitsuke : J.Elect. Spectrosc. Relat. Phenom. 79, 487-490 (1996)
Pusilive ion-negative inn coincidence spectroscopy CO0z for ghservation of
doubly excited Rydberg siates. [E. hv, (02l

0 Y.Yoshida and K.D. Jordan : J. Am. Chem. Soc. 102, 2621-2626 {19890)
Ab imitio study of (NOo) -+ and (CO2) ™. [T, (CO2) 2, (NO2) 2}

0 Y. Yoshida,H F.Schaefer, I and K. D. Jordan : 1. Chem. Phys. 75, 1040-1041 (1981)
Theoretical investigatior of the electrom affinity of COz. [T, C0s2]

0 C. Young. R.¥. Bell and R E Chapman : Appl.Phys. Lett. 20, 278-279 (1972}
Variation of No-broadened collisional width with rotational quantul
nzmber for the 10.4-pm €02 band. 'E. hv, C0-]

0 €. Young and R E. Chapman : J.Quant. Specirosc. Radiat. Transf. 14, 679-690 (1974)
Line-widths and band strengths for the 9. 4- and 10.4-pm CO> bands.
[E, hv ., CD:]

0 D.R Young : J. Appl.Phys.21.222-231 {19590
Electric breakdown in €0, from low pressures fo the liquid state.
[E, C02]

E M. Yousfi, N. Azzi, P Segur, I.Gallimberti and S. Stangherlin : Iaformal Report,
V Toulouse 1-69 (1987)

FX  Electron-molecule collision cross sections and electron swarm paramefers
I in some atmospheric gases (Nz, 0z, (02 and Hp0).

5 lcompilation, cross section set for (02, Noo 02, Ho0j

0 M.S.Yurev and V.S.Yarunin : Opt. Spectrosc. 39, 378-381 (1975
Photoionizatioen of €0 and CO, molecules. [T. hy, C0p CO; 14 - 120 eVi



QT A Zecca, R.Melissa, R. S. Brusa and 6. P. Karwasz : Phys. Lett. A257, 75-82 (1999) -
Additivity rule for electron-molecule cross section calculation :
A geometrical approach. [T, C0p, Hz, Nz, 0. CO, NO, N,0, NO», CH.]

EX L. Zhu, 5. A. Hewitt and G. W.Flynn : J.Chem. Phys. 94, 4088-4098 (1991) -
Quantum interference effects om the collisional excitation of the Fermi
dublet states of COs by hot electrons and hot H(D) atoms.
[E, €0-]

0 Y.-F ZIhu and R J.Gordon : J.Chem Phys. 92, 2897-2901 (1994) -
The production of O(°P) ip the 157 nm photodisscciation of £0-.
[E. hv, COs)

I A I Ikukov, AN Zavilopunlo, A.V.Snegurskii and 0. B. Shpenik : Sov. Tech. Phys.
Lett. 15, 47-48 (1989) -
New data on dissociative electron-impact ionization of CO2.
{E, C0o; 50 — 60 eV]

I A I 7hukov, A N. Zaviiopulo, A. V. Seegursky and . B. Shpenik : J. Phvs. B23,
23735-23815 (19380) -K
Dissociative innisatiom of 02 and CO2 by electron impact : energy and
angular distributions of fragments. [E, €02, D2; 45 - 150 V!

EX E.C.Iipf and ¥.C. Wells : Plant.Space Sci. 28, 859-866 {19890) -
Erissica line shapes produced by dissociative excitation of atomospheric
gases. [E, €0, 02, CO, NO; 1357 A of O aionm

EX E.C.Zipf : in Electron-Molecule Interactiopns and Their Applications, Vol.1,
Academic Press 335-401 (1984)
Dissociation of molecules by electron impact.
[review, €02, No, 0o, C0]

QT M. Zubek, S.Kadifachi amd J.B. Hasted : Europ. Conf. on Atemic Phys., Heidelberg

763-763 (1982) -
Absolute fotal cross sections for electiron scattering from triatomic
molecules. [E, COz, S0, HoS, ¥.0; 0.5 - 10 eV, nc datal

0 A P Zuev and A. Yu.Starikovskii : J.Appl. Spectrosc.52, 304-313 (1940 -

UV absorpticn cross section of molecules 0p, NO, N0, (€0, Ho0, and NO».
[E, hv, Cﬂg, 02, NO, N20, 520, NOQ]
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Addendas of References for COo. 1

(published in 2600, plus some old papers)
20600 (2 pages)

V M. Allan : Phys.Rev.Lett.87,033201/1-4 (2001 O
Selectivitv in the excitation of Fermi-coupled vibratioms in CO2 by
impact of slow electrons.
[E, C0,; 7 meV epergy resolution, DCS at 135", around 3.6 eV

E M. Allan : I Phys. B35, L387-1L395 (2002) O
Vibrational structures in electron-C0O, scattering below the ?IT. shape
resonance. [E, C0,; 0 - 5 eV]

I X i.Chen G OQuvarg, C.C.Jia. L L Peng. C.K Xu. S X. Tian and K.7.Xu : J.Elect.
Spectrosc. Reiat. Phenom 107, 273-282 (2000)
Study of outer valence orbitals of carbon dioxide by (e, 2e) spectroecoepy.
[E, C0-: 1200 eV)

E D.Field N.C Jomes,S.L Lunt and §.-P. Ziesel : Phys.Rev. A64 022708/1-6
(2001) ©
Experimental evidence for a virtual state im a cold collision : Electrons
and carbpn dioxide. {E, C0z; 0.01 - 1 eV]

I K Furuva, A Matsuo and T.0gawa : J.Phys. B35, 30677-3086 (2002)
The preduction of COY{AZTI) {from disseciative ilomization of COs :
a fragment ion-phetor coincidence spectroscepic imvestigation.
[E, C0,; 120 eV: 250 - 600 nm emission]

FE F_A Gianturco and T.Stoecklin : J. Phys. B34, 1695-1710 (2081}
Low-energy electron scattering from CD- molecules ; Elastic channel
calenlations revisited. [T, C0,; see F. A Gianturco {1996) =and (1997)]

E Y.Itikawa : J.Phys. Chem Ref.Data 31, 749-767 {2002) O
Cross sections for electron ccllisions with carbon dioxide.
{compilation. C0z: 75 refernces]

E §. P.Karwasz, R S.Brusa and A. lecca : Rivista Nuovo Cimento 24, No. 1. 1-118
¥ (2001 O

EX Qne centurvy of experiments on electron-atom and molecule scattering :

I A critical review of integral cross-sections. . — Polyvatomic molecules.
A {compilation, CQ0s €S, €0S, N20, NOo, 03, CHs SiBs, GeHa, eic.]

Y M Kitajima, S. Watamabe, H. Tanaka, M. Takekawa, M. Kimura and Y. Itikawa : Phys. Rev.
A61,860701/1-4 (2000)C
Strong mode dependence of the 3.8-eV resomance in (0, vibrational
excitatien by eleciron impact. [E and T, CO02]
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M.Kitajima, S.Watanabe, H. Tanaka, M. Takekawa, M. Kimura and Y. Itikawa : 1. Phys.
B34,1929-1940 (20061) O
Differential cross seciions for vibrational execitation of CO, by 1.5 -
30 ¢V electrons. [E, COz; 10 - 130°]

E. Leber, S. Barsotti, I. 1. Fabrikant, J. M. Weber, M. -W. Ruf and H.Hotop : Eurc Phys.

I.D12,125-131 {2000)
Vibrational Feshbach resonsnces in electron attachment to carbon dioxide
clusiers. [Eand T, (€02)n., N =4 - 22]

S.Mazevet, M. A. Morriscon, L. A. Morgan and R K. Nesbet : Phys. Rev. A64, 040701/1-4

(2000) O
Virival-state effects on elastic scatterinmg and vibrational excitation of
CO, by electron impack. [T. CO»; 0.0 - 1 eV, fixed-nuclei R matrices]

P.Morin. M. Simen. C. Miron, N. Leclercq, E. Kukk, J. D. Bozek and N. Berrah : Phys.
Rev. AL, 050701/1-4 (2000)
Role of bending in the disscciation of selective rescnant inner-shell
excitation as observed inm COo. [E, hv, €02]

T.N.Rescigro. ¥. A Isaacs, A E. Orel, H -D. Mever and C.W. McCurdy : Phys. Rev. A6,
032716/1-13 {20020 O
Theoretical study of resonant vibrational excitation of CO- by eleciron
impact. [T, €0z; 1 - 8 ¢V]

L.S. Rothman and M. Zivkovic-Rothman : in Afomic snd Mglecular Data and Their

Applications, K. A Berrington and E.L.Bell (Ed}, Am. Inst.Phyvs. 92-103 (2000)

Atmospheric molecules. [compilation, kv, (0, Hs0. 03, N20. C0. CHa,
02, SFeg, CClg, CCloFo, CFEg, ete. ]

R F_ Stebbings and B. G. Lindsay : J.Chem. Phys. 114, 4741-4743 (2001)
Comment on the accuracy of absolute electren-impact icmization cross
sections for molecules. [comment, B, €05, Ho, Nz 0. €O, NO, CHs, SFel

W.Vanroose, C. W. McCurdy and T.N. Rescigno : Phys. Rev. A66, 032720/1-16 (2002) -
Interpretation of low-energy electron-C0. scatiering.
[T, C0o: see T.N.Rescigno {1999) and (2002)]

0.K. Voitsekhovskava, A. A. Peshkov, M. M. Tarasenko and T. Yu. Shefudvakov : Russ.
J. Phys. 43, 652-659 (2000
Information system for calcuiating the spectral characteristics of hot
€0, €0, and H20 gases (HOTGAS 2.0)
[T, hy, (02 CO0, Hz0: 0 - 10% cm™*, 250 - 3000 K]

S.S.Yang and T. H Song : J. Quant. Spectrosc. Radiat. Transt. 66, 327-341 {2000)
Error snalvsis of spectral rempte sensing by CO- 4.3 um band in various
temperature profiles. lanalysis, hv, (0]

J.Zuniga, A. Basiida, M. Alacid and A. Requena : J.Mol.Spectrosec. 205, 62-72

{2601)
Variational calculations of rovibrational energies for £0s. 11, €04}
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Addenda (1900 - 1999)

C.J.Allan. U Gelius,D.A Ailison, G. Johansson, H. Siegbahn and K. Sieghahn :

E =]

D.

.Eiect.Spectrosc. Relat. Phenom I, 131-151{1972)

ESCA studies of €Oz, CS2 and COS. [E, (02 €S2, (OS]

_Allen, Y.L. Yung and J. W.Waters : J.Geophys. Res. 86, 3617-3627 (1981}

Vertical transpori and photochemistry in the terrestrial mesosphere and
Iower thermosphere (50 - 120 km). [T, C02, 02, 03, HyD, etc.]

D Aiten, Y. Yamaguchi, A. G. {saszar, D. A. Clabo, Jr.. R B. Remington and
_F.Schaefer I : Chem Phys. 145, 427-466 (1990)

A4 svystematic study of melecular vibrational anharmonicitiy and vibratios-
rotation interaction by self-consisteni-field higher-derivaiive methods.
Lirear polyvatomic molecuties. [T, CO0., 0CS, HCN, N30, CoH:l

CAmat.L.S.Ballomal and L. M. Salah : I.Mol. Spectrosc. 134, 245-258 (1989)

Vibrational energy levels of CO0-. : Comparison beiween a standard
caleulation and & calculation using efiective normal coordinates.
[T, CO02: 00°vs)

.D.Amos and M. R Battaglia : Mol.Phys. 36, 1517-1527 (i978)

Molecular quadrupole moments, magnetizahility, nuclear magnetic shielding
and spin-rotation temsors of {0, OCS and CS». [T. €02, 0CS, (S2]

_D. Anbar, M. Alien and H A Nair : J.Geophys. Res. 98D, 10925-10931 (1993} -

Phoiodissociation in the atmosphere of Mars : Impact of high resolution,
temperature-dependent CO-> cross—section measurements.
[E. hy., (CO0,: 202 - 368 K, 1200 - 1975 Al

CAnderson, An-Ti Chai aad D.Williams : J.0pt.Soc. Am 57, Z4{-246 {1967)
5

{
Self-broadening effects in the infrared bands of gases.
[T, hv. (0 CO, N20, CHs, NHs]

.Arcas, B Arie, M. Cuisenier and J.P.Maillard : Can. ]. Phys. 61, 857-866 (1983)

The infrared specirum and molecular constants of CO» iz the 2 pm region.
[E. hv. COz)

Bailly, R. Farrenq, G. Guelachvili and C.Rossetti : J.Mol.Spectrosec. 90,

74-105 (1981)

D.

D.

120180, analysis of emissien Fpourier specira in the 4.5-pum region :
Revibrational fransitioms Ovolvs - Oval(vsz-1), vo = L.
[E. hv, (0;; emissien]

Baiily and C. Resseéti : Opt.Commun. 42, 323-328 (1982
120160, - spectroscopic constants of the Fermi dvad [10°vs, 029v;]
and wavenumbers of laser sequence band transitions. [E, hy, CD3]

Bailiy and E. Schwartz : J.Mol.Spectrosc. 102, 384-391 (1983a)

Some remarks on the significant character of spectrescopic constants
{triatomic linear molecules). [compilation, hy. C0-]
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0 D.Bailly and . Rossetti : J.Mol. Spectrosc. 102, 392-398 (1983b)
120160, : ¥ and I Fermi dyads in the 4.5-pum region : Waveanumbers and
spectroscopic comstants. [E, hy, CO0-]

0 D.Bailly, €. Camy-Peyret and R. Languetin : J.Mol.Spectrosc. 182, 10-17 (1997)
Temperature measurement in flames through €0, and €0 emission : New
highly excited levels of CO». [E, hv., C0z CO]

0 A Baldacci,C.P. Rinsland, M. A . H Smith and K Narahari Rao : §.Mol.Spectrose.
94, 351-362 (1982)
Absorption spectirum of !3C0, at 2.8 oo [analysis, hyv, (0]

0 FE F. Barker : Rev.Mod.Phys. 14, 198-203 (1942)
Spectra of simple molecules. The infra-red specira of triatomic molecules.
[review, hv. €0, SO0z, H,0, HCN, No0]

0 W.S. Benedict and E.K.Plvler : J. Res.Nat!l. Bur.Stand. 46, 246-265 {1951)
Absorption spectra of water vapor and carbon diexide in the region of
2.7 microns. [E, hy, (8, H,0]

0 D.C.Benner and C.P. Rinsland : J. Mol.Spectrosc. 112, 18-25 (1985)
Tdentification and imiensities of the "forhidden” 3v 2% band of 12C160,.

[E. hy. (0:]

0 R.Berson : J.Phys.Chem. 88, 5145-5149 (1984)
Final state distributions of the photedissociation of triatomic molecules.
[review, €05, 0Cs, CS2 302, 03, Hze, st, etc.]

0 T.G Beuthe and J.-S.Chang : JTpn. J. Appl. Phys. 36, 4397-5002 (1997) K
Chemical kinetic modelling of non-equilibrium Ar - (0, thermal plasmas.
[T, €02, Ar, CO, etc.]

0 M Breitenstein, R J.Mawhorier, 0. Mever and A Schweig : Phys. Rev. Lett. 53,
2308-2401 (1984) K
Theoretical siudy of potential-energy differencies from high-energy
electron scatterirg cross sections of COo.
[T. COp:; first Born approxi.]

0 L.R. Brown and R.A.Toth : J.0pi.Soc. Am. B2, 842-856 (1985)
Comparison of the freguencies of NHs, (Do, Ho0, N20, CO, and CHs as
infrared calibration standards. {E, hy, €0, etc.: 550 - 50600 cn Y]

0 D.E Burch,D.A Gryvnak and R R Patty : J.0Opt. Soc. Am 58, 335-341 {1963)
Absorpition of infrared radiation by Cl2 and H20. . Absorpiion by Cls
between 8000 and 100600 cm® {1 - 1.25 microns}. {E, hv, (0-]

 R.F.Calfee and W.S. Benedict : Carbon Diexide Speciral Line Positions and

Intensities for the 2.05 and 2.7 Micron Regignms, Natl. Bur.Stand. 1-110
(1966) fsee Appl. Opt. 5, 1695-1696 (1966)]
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M. Capitelli and M. Molirari : in Fortschritie der Chemischen Forschung,
Springer 69-109 (1980)
Kinetics of dissociation processes in plasmas in the low and intermediate
pressure range.
[review, CO0», H,, N2, 05. C0, HF, NHs, C(Has, -H4, CoHe. 1-CsHq0)

S.Carter and N. . Handy : Mol.Phys. 57, 175-185 (1986)
An efficient procedure for the calculaticn of the vibrational energy
levels of any triatomic molecule. [T, C0o, S05]

L.S. Cederbaum, J. Schirmer, ¥. Domcke and W.von Niessen : J.Phys. BI0, L549-L553
{1977)
Complete breakdown of the quasiparticle picture for inner valence
electrons. [T. CO2 (S5l

V.Cermak : J.Elect.Spectrosc. Relat. Phenom. 9, 419-439 (1976)
Penning iomization electrem spectroscopy of €0, HCl, HBr azd triatomic
molecules N0, N0z, (0>, €05 and CSs.
[E., C0,, Nz0, NOp, COS, CS»,. €O, HCI, HBr]

7.Cihia and A. Chedin : J.Mol.Specirosc. 40, 337-355 (1871)
Potential energy function of polyvatomic molecules : Fourth-order
approximation of the potemtial energy function of €Oz : Spectroscopic
constanis of nine isotopic species. [T. €05]

R G. Cooks,D.T. Terwilliger and . H.Beynon : J.Chem Phys. 61, 1208-1213 {1974)
Thermochemistry and energy partitiening inm the charge separation
reactions of doubly charged triatomic iouns.

[E, C0,2%, C0S2%, (S22%, No02*, NOz2*, S0.2%]

C.D.Cooper and R N.Compton : J.Chem. Phys. 59, 3550-3565 (1973)
Felectron attachment to cvclic anhydrides and related compounds.
[E, (0o, C4H40s, etc. ]

V.Danz and A. Valentin : Appl.Opi. 27, 4450-4453 (1988)
Determination of line parameters from FTS§ specira.
{E, hy, COp: 10011 <« 10002 band, Fourier Transform Speciral

V. Dana, A. Valentis, A Baméouni and L.S.Rothmaz : Appl.Opt. 28, 2562-2566 (1989)
Lipe intemsities and broadening parameters of the 11101 « 10002 band of
12016Q,. [E, hy, (02]

V.Dana, A. Hamdouni, R. B. Watison and L.S. Rothman : Appl. Opt. 29, 2474-2477
(1990)
Observations and calculations of *2C*®0, perpendicular band tatensities
in the 13-4 m region. [E, hv, C02; FTS]

V. Dana, J. -Y. Mandin, G. Guelachvili, Q. Kou, M. Morillon-Chapey, R. B. Wattson and
L.S.Rothman : J.Moi.Spectrosc. 152, 328-341 (1992}
Intensities and self-broadening coefficiemts of *2C'%0, lines iz the
laser band region. [E, hv, C02]

- €02 93 -



EX

G.De Maria. L. Malaspina and V.Piacente : Ric. Sci.Rend. Sze. A3, 681-688 {1962)
Mass spectrometric determination of cross sections of molecules for
ionization by electromns. I. Method and preliminary resulis.

[E, CO2, He - KEr, H, N, 0, Nu0, NHz: 75 ev]

H D.Dowling, L. R. Brown and R H Hunt : J. Quant.Spectrosc. Radiat. Transf. 15,
205-210 (1975)
Line intensities of CO; in the 2.7 micron region. [E, hy. C0,: 300 K]

J.Dupre-Maguaire and P. Pinson : J.Mol. Specitosc 62, 181-191 (1976)
Emission spectrum of CO2 in the 9.6 um region. [E, hy, C0]

F.H.B.Eland : in Advances in Mass Spectrgmetry, Vol. 6, Applied Science
Pub., A R.West (Ed), 917-922 (1974)
Predissociation of triatomic ions studied by photoelectron-photoion
coincidence spectroscopy. [review, (0s, C0S, N20, (S5, S$0,, D20, etc.]

J.H. D.Eland, M. Devorei and § Leach : Chem Phys.Lett. 43, 97-101 (1976)
Quanium yields and lifetimes of molecular ion flucrescence.
{E. {0z, COS, (S, N0, CeFs, etc.|

J.E.D.Eland and J. Berkowitz : J. Chem. Phys. 70, 5151-5156 (1979}
Dissociative photoionization ¢f carbon disulphde and carbvonyl sulfide.
[E, kv, CO0, (OS]

P ¥ Erdman and E.C.Zipf : Planet.Space Sci. 31, 317-321 (1983 X
Electron-impact excitatior of the Camercn sysiem (a°mw — XI'3) of CO.
[E. €0z, CO; disso.ex. of COs ai 20 eV]

M. P.Esplin, R J. Huppi and G. A. Vanasse : Appl. Opt. 21, 1681-1685 (1989)
Spectral measuremenis of high temperature '3C?%0, and I3C1%0'%0 in the
4.3-pum region. [E, hy., C0,: 800 X]

M.P.Esplin and L.S. Rothman : J. Mol.Spectrose. 100, 193-204 (1983
Spectral measurements c¢f high temperature isotopic carbon dioxide in
the 4.3-um region. [E, hvy, C0;; up to 800 K]

M.P_Espiin and L.S.Rothman : J.Mol. Spectrosc. 116, 351-363 (1986)
Spectral measurements of high-temperature isotopic carben dioxide im the

4.5~ and 2. 8-um regions.
[E. hy, C0z; 2140 - 2320 and 3470 - 3770 ce~!, 300 - 800 K]

H - £ 1 r!16n
High ifemperature, Ligh 1 ution line position measurements of 19 Uz

M.P.Esplin and M. L.Hoke : J. Quant. Specirosc. Radiat. Transf. 48, 573-580 (i992)
esclu
in the 580 to 940 cm™ ! region fE, hyw. (CDs; 293 - 800 K]

H.Estrada and W.Domcke : J. Phys. BIT, 279-297 (1984)
Analytie properties of the § matriz for a simple model of fixed-zucled
electron-poltar-molecule scattering.
[T, polar molecuies; (02 {v) is the polar molecule]

— C02 94 -



. Fattahallah and A. W Potts : J.Phys.BI13, 2545-2556 (1980)
High-resolution ultraviclet photoelectron spectroscopy of €02, COS and
CSa. {E, hy, (02 CO0S, {S;!

C.Frost.S.T. Lee and C. A McDowell : J.Chem. Phys. 59, 5484-5493 (1973)
Photoelectron spectra of OCSe, SCSe, and CSes.
[E, hy. C0-, CSs, OCSe. etc.]

G.Gershikov and V.P. Spiridonov : J.Mol.Struct. 96, 141-149 (1982)
Anharmonic force field of C0; as determized by a gas-phase electron
diffraction study. [E, COp: r{C-0) = 1.1620 A]

R.Gordon amd T.K McCubbim, Jr.: J. Mel.Spectrosc. [9,137-154 (19686)
The 2. 8-micron bhands of C0s. {E, hv. C0z]

D.Gray and A T.Yousg : J.Quani.Spectrosc.Radiat.Transt. 9, 569-58% (1969)
Relative intensity calculations for carben dioxide — IV. Calculations
of the partition functien for isctopes of COs. [T, CO2; 180 - 300 K]

_E.S.Grees - Radiat.Res. 64, 119-140 (1975)
The role of secondary electrons in charged parficle degradation.
[T. COQ, Nz. 02, Ne - Xe, HQO}

_Guelschvili - J.Mol. Spectrosc. 79, 72-83 (1980)
High-tesolution Fourier spectra of carboz dioxide and three of its
isotopic species mear 4.3 um [E, kv, C02]

1.Gutsev.R I.Bartlett and R.N. Compton : J.Chem. Phys. 108, 6756-6762 (1998
Elecirom affinities of C0z, 0CS. and CS..
{T. €0, OCS, CSp; HFDFT and CCSD(T) methods]

_Hamdouni and V.Dara : Appl.Opt.29,1570-1572 (1990)
Absolute line intensities in the 20002 « 11102 and 12201 < 03301 band
af 120180, [E, hy, (0]

].Hansen, D. Johnson, A. Lacis, S. Lebedeff, P. Lee, D. Rind and 6. Russell : Science

213, 057-966 (1981) K
Climste impact of imcreasing atmospheric carbon dioxide.
ireview, C0z; greenhouse effect]

A Henry, P.Dahoo and V.Valentin : Appl. Opt. 25, 3516-3519 {1986)

Line strengths and self-broadening parameters of the 21802 {10°1): «
(1098 ¢ tramsition. [E, hy. C0o; 296 K]

A Herzenberg and B.C. Saha : J.Phys.B16,591-602 (1983)

The virtual electrom state in a weakiv polar molecule.
[T, polar molecules: CO2{v] is the polar molecule]

A Herzenberg : J.Phys.BI7, 4213-4221 (1984a)

Singuiarities in the scattering of a very slow electron by & weakly
polar motecule. [T, polar molecules]
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v

A Herzenberg : in Electron-Molecule Collisions, I.Shiramara and K
Takayanagi (Ed), Plenum 191-274 (1984b)

Vibrational excitation of melecules by siow electroms.

[review, €02, Hz, Nz, CO. HF, HCI, etc.]

A.P.Hitchcock and I.Ishii : I.Physiq.47, C8, 199-202 (1986) K
Carbon and oxygen K-shell EXAFS of gases studied by electron energy loss
spectroscopy. [E, CO02, CD., CFa, CeHs, CeFs. etc.]

M. Horani, S. Leach et }.Rostas : J.Chim Phys.63, 1015-1625 (1966)
Spectre d’ emission de COS*. [E, hy, C0,, COS]

S.Hsieh and J.H D.Eland : J. Phys. B30, 4515-4524 (1997)
Reaction dymamics of three-body dissociation in triatomic molecules from
single-photon double ionization studied by a time— and position-sensitive
coincidence methed.
[E, hv, C0y, €S2 SO, ICN, N»0:; 40.8 - 48.4 eV]

M. -] Hubin-Franskin, J. Katihabrea and §.E Cellin : Int.].Mass Spectrom lon
Phys. 20, 285-293 (1976)
Dissociative electron attachment for carbony! suiphide molecule iz the
gas phase. Heat of formation of the €S radicals. [E, COS; plus C02 CS5]

R.D. Hudson : Cap. J. Chem. 52, 1465-1478 (1974)
Absorption cross sectioms of siratospheric molecules.
{review. hV. CUQ, CO, Nﬂ. 02, 03, Hzﬂ, Nzo, N02. 502, 333, CH4. etc.}

N.Husson, B. Bonnet, N. A_ Seott and A Chedim : J.GQuant. Spectrosc. Radiat. Transt.
48, 509-518 (1992)
Management and study of spectroscopic information : The GEISA program
[compilation, hy, CO0., Hz0, O3, etc., 40 molecules: see L.S. Rothman
(1992) ]

J.A. Joens : J.Phys.Chem 89, 5366-5370 (1985O
Analysis of the temperature dependence of the A <« XX absorption
spectra of 0CS, N-0, and €S,. [T. hv., €02 0CS, NoD, (S5l

J.W.C. Johns and J. Vander Auwera : J.Mol.Spectrosc. 140, 71-102 (1990)
Absolute intensities in CO, : the vy o fundamental near 15 un
[E, 11!/, COQ]

J.¥.C.Johns : J. Quant. Spectrosc. Radiat. Transf. 48, 567-572 (1992) -
Intensities of €02 bands : Have we come to the end of the road ?
[E, hy, CDp; 1991 edition of the BITRAN datfa base]

K. Jolma, J. Kauppinen and V. -M. Hornemar : J. Mol. Spectrosc. 181, 300-305 (1983)
Vibration-rotation bands of €O, and OCS in the region 548 - 890 cm 1.
[E, kv, €0z, OCS}

E.Jolma : 1. Mol.Specirosc. 111, 211-218 (1985)

Infrared spectrum of isotopic carbon dioxide in the region of bending
fundamental v . [E. kv, (0]

— C02 96 —




0 P.Jonathan, M. Hamdan, A. G. Brenton and G.D.Willett : Chem Phys. 119, 159-170
(198%)
Traaslational spectroscopy of the triatomic dications CO22T, 0CS?* and
(5,24, [E, C0-, 0CS. €S2]

0 J.K Kauppinen. K. Jolma and V.-M. Horneman : Appl.Opt. 21, 3332-3336 (1982)
New wave-pumber calibration tables for Ho0, (0p, and OCS iines between
500 and 900 cm™ 1. [E. nhy, C0o. H30, 0CS; v band for CO:]

V A K Kazanskii : Opt. Spectrosc. 87, 840-846 (1999)
Calculation of cross sections for inelastic collisions of slow electromns
with triatomic molecules : A three-mode model of collisions of electirons
with carbon dioxide. [E, CO2; (0,0,0) — (1,0,0]

4 1.V.Xochetov, L. V. Shachkin and V.M. Shashkov : Sov. Phys. Tech. Phys. 29, 731-734

(1984)
Electrom attachkment in 0, - (B, and 0o — H=0 mixtures and its dependence
of the electron temperature. [E, C0s 1 02, Ho0 + 02]

0 T.Kondow and K Mitsuke : J.Chem Phys. 83.2612-2613 (1985)-
Formation of negative cluster ions of {0, 0OCS, and C5; produced by
efectron transfer from high-Rydberg rare gas atoms. 'E. C0,, 0CS, (S2]

0 K. C.Kolander : Chem. Phys.Lett 129, 353-356 (1986)
Resonances i molecular photodissociation. IT. 2y, C0:]

8 M. Lacy apd D.H ¥hiffen : Mpl. Phys. 43, 47-63 (1981)
The intercomparison of molecular force fields for iriatomic molecules.
[T, C0,, OCS. H,0, etc.]

0 M. Lacy : Mol. Phys. 45, 253-258 (198%)
The anharmonic force field of carbon dioxide. (T, C0,]

0 R E.leckenby and E.J.Robbins : Proc. Rov. Soc. London A291, 389-412 (1966)
The observation of donble molecuies in gases.
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M.H. Mittleman and R E. von Holdt : Phys.Rev. 140, AT26-A729 (1965)
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molecules. I. Intemsities. [T, C0», (S5, CO0S, N20, HCN, eic.]

F.R. Petersen, J. S. Wells, A G. Maki and K. J.Siemsen : Appl. Opt. 20, 3635-3640

(1981)
Heterodyne frequency measuremenis of '3C0, laser hot band tramsitions.
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[

.S Rothman, R R. Gamache, R. H. Tipping, C. P. Rinsland, M. A. H. Smith, D. €. Benner,
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23. 337-341 (198@)
Absolute intensities and pressure broadening coefficients measured at
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o

R.B.Wattson and L. S. Rothman : J. Mol. Spectrosc. 119, 83-100 (1986)
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at S
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.C.Zipf : Can.J.Chem. 47, 1863-1870 {1969)
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J. Adachi, 5. Motoki, N. A. Cherepkov and A. Yagishita : }. Phys. B35, 5023-5033
(2002)
Characterization of o, shape resonance in the C Is ionization cobtinuum
of (02 molecules. [E. Ry, CO,p; 288 - 325 eV]

A. Bagheri, K. E. Bsluja and S.M.Datta : Z.Phys. D32 211-217 (1994)
Density dependence of electron mobility in dense gases.
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D. €. Benner, V. Maiathy Devi, C. P.Rinsland and P.S. Ferry-Leeper : Appl. Opt. 27,
15881597 (1988)
Absolute intensities of CO, lines in the 3140 - 3410-cm~ ' spectral
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P.G.Bentley : Nature 190, 432-433 {1961)
Polymers of carbon dioxide. [E, (COx1a%. 0 = 2 - 22]

A Chedin and I.Cihlas : J.Mel. Spectrosc. 45, 475-488 (1979)
Potentiai erergy function of polvatomic molecules. Automatic determina-
tion of the unmitary transformation operator for the perturbation
treatment of the Hamiltonian. [T, €0-]

. -C. Chou, A. G. Maki, S. Ja. Tochitsky, J. -T. Shy, K. M. Evenson and L. R Zink :
J.Mol. Spectrosc. 172, 233-242 {1993)

Frequency measurements and molecular constants of C8p 00°2 -

[10°1, 02°Ijr.:: sequence band transitigms. [E, kv, (0]

I.Cihla and A Chedin : J.Mol. Spectrosc. 40, 337-355 (1871)
Potential energy fenction of polvatomic molecules : Fourth-order approxi-
mation of the potential energy function of €0, : Speciroscopic constants
of nire isotopic species. [T, €0z}

V. Dana, A Valentin, A. Hamdouni and L.S. Rothman : Appl. Opt. 28, 2562-2566
(1989)
Line intensities and broadening parameters of the 11101 «— 10002 band
of 12C160,. [E, hv. (03]

A De Fanis,N. Saito, A A Pavlvchev, D. Yu. Ladonino, M. Machida, XK. Kubozuka,
. Rovano, K. Gkada, K. ikejiri, A. €assini, A. Czasch, & Dorner, §. Chiba, ¥. Saro and
K.Ueda : Phys.Rev. Lett. 89, 023006/1-4 {(2002)
Symmetry—dependent multiefectron excitations near the C ls iomizatiom
threshold and distortionm of the shape resonamce in CQ».
(E. hv, C02:; 312 eV]

—

A Dreuw and L.S.Cederbaum : J.Phys. B32, L665-1672 (1999)
Long-lived high-spin states of CO02~ : loosely bound complexes between
€~ and 0,. (T, €0s71
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B. G M Edwards and D A Long : in Mplecular Spectroscopy. Vol. 1, The
Chemical Society 285-351 (1973)

H G M Edwards and D. A Long : in Molecular Spectroscopy, Vol. 3, The
Chemical Society 383-432 (1975)

M.P.Esplin R B Wattson, M. L. Heke, R L.Hawkins and L.S.Rothman - Appl. Opt.
78, 409-411 (1989)
Observation and calculation of carbon diozide bapds with high
vibratiocnal angular momentum. [E and T, Bhv, CO02]

M. Fukabori, T. Nakazawa and M. Tanaka : J.Quant.Spectrosc. Radiat. Transf. 36,
265-270 (1986)

Absorption properties of infrared active gases at high pressures —

1. COs. [E, hy, COp: 2.7 and 2.0 4 n bands

A Hamdouni and V.Dana : Appl. Opt. 29, 1570-1572 (19990)
Absclute line intensities in the 206802 < 11102 and 12201 < 032301 bands
of 120180, (E, hv. CO2]

J.-¥. Hartmann and M. -Y.Perrin : Appl.Opt. 28, 2550-2553 (1989)
Measurements of pure (0, absorption bevond the v s bandhead at high
temperature. [E, by, C0-: 291 - 751 K, 2100 - 2600 cm~ ']

J.E.Hesser and K Dressler : J.Chem. Phys. 45, 3149-3150 {(1966)
Radiative lifetimes of uliraviclet molecular transitions.
(E, hv, C0,%, H., N-, CD, X0, ete. ]

M. Hirano : J.Phys.Soc. Jpn. 55, 3825-3830 (1986)
Band intensiiies of the 2.7 um and 4.8 um CO, bands.
{E, hy, C0z; absorption, 303 or 300 K|

M. Hirono and T.Suda : Appl.Opt. 29, 608-616 (1990)
Fgeivalent widths and band intensities of Cl»o.
[E, hy, C0»; 2.7~ and 4. 3-umn bands!]

M.L.Hoke and J. H. Shaw : Appl.Opt.22,328-332 (1983)
Parameters of C0, bands near 3.6 um. [E, kv, (02]

E.S.Kuznetsova, V.M. Osipov and M. V. Podkladenko : Opt. Spectrosc. 38 19-20
{1975)
Absorption e¢f (0. bevond the 4.3-um band edge at elevated temperatfures.
[E. hv, C0z; 300 - 673 K]

R. Locht and M.Davister : Int.J.Mass Spectrom. lon Process. 144, 105-129 {1995)
Dissociative electroionization of carbon dioxide by low-energy clectron
impact. The C*., 0% and CO* dissociation channels.

[E, C02; 19 — 40 eV]
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M. Margottin-Haeciou, F. Rachet, {. Boulet, A. Henry and A Valentin : J. Mol.
Spectrosc. 172, 1-15 (1995)
G-branch line mixing eifects inm the (20°0): < 010 and (1220); <« 01'¢Q
bands of carbon dioxide. [E, kv, C02]

V. Menoux, R. Le Doucen, J. Beissoles and C. Boulet : Appl. Opi. 30, 281-286 (1991)
Line shape in the low frequency wing of self- and N2-broadened v s C0:
lines : temperature dependence of the asvammetry.

[E, hv. CO2; 193 - 300 K, 2150 - 2250 cm™ ']

A Peisert and F.Sauli : CERN 84-08. Geneva §-127 (1984)

M. K. Raarup, H. H. Andersen and T. Andersen : J.Phys. B32 L659-1L664 (1999)
Metastable state of CO>~ with miliisecond fifetime. [E, C057]

C.P.Rinsland and D.C. Berner : Appl. Opt. 23, 4523-4528 (1984)
Absolute intensites of spectral lines in carbon dioxide bands mear
2050 cm™ . [E, hyv, (05]

C. P Rinsiand, D. C. Benner and V. Malathy Devi : Appl.Opt. 25, 1204-1214 {1986}
Absolute fine intensities in C0, bands mear 4.8 pm. [E. Ry, (0]

A.M.Robinson and D. Garand : Appl.COpt. 28, 967-959 (1989
Extended high temperature measurements of absorpfion at 10.4 pgm in CO-.
[E, hy, (Bo; 540 — 775 K, summarized 295 - 775 K data]

.35 Rothmar and L.D. G Young : J. Quant. Spectrosc. Radiat. Transf. 25, 505-524
{1981)
Infrared energy levels and intensities of carbon dioxide. 1.
[compilation, hy, CO0s]

C.W.Schneider, Z. Kucerovsky and E. Brannen : Appl. Opt. 28 959-966 (1989)
Carbon dioxide absorption of He-Ne laser radiation at 4.2 pgm :
characteristics of self and nitrogen broadened cases. [E. Ry, (0]

R.M.Siddles, G. J.Wilson and C.1.S.M. Simpscn : Chem. Phys. 189, 779-791 (1994)
The vibrational deactivaticn of the (00°1) asd (01'0) medes of CO»:
measured down fo 140 K {E, C0B>: 140 - 300 K]

G.V.Telegin and V. V. Fomin : Opt. Spectrosc. 49, 364-368 {(1988a)
Calculation of the abserptien coefficient in the spectrum of Clo.
Periphery of the 4.3-, 2.7-, and 1.4-um bands. (1. hy, (03]

G.V.Telegin, K. M. Firsov and V. V. Fomin : Opt.Spectresc. 49, 634-636 (1980b)
Catculation of the absorption coefficient in the microwindows of the
0, 4. 3-u¢m band. iT, hy, €02 €0, + N5l

D.{.Tyte : in_Advances in Quantum Electirponics I, 129- (1870)
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Some Comments on Electron Collision Cross Sections for COp

The pioneer work om electron collision cross section set for COz is given
by 7.J.Lowke in 1973. I have compiled the same set for (02 including new data
many times. An example was shown in the book of NATO Meeting of Maratea
(M. Havashi, 1990). This cross section set is shown im Figure 1. The other
cross section sets for (0, were presenied by many authors, H N. Kucukarpasi
(1979), M.Yousfi (1987), S.E. Biagi {1991}, and so on.

Now 1 do not like these cross section sets. Reasonable and correct cross
section set have to calculate the temperature dependence of electron drift
velocities at high E/N by B.Eq. and MCS method. We have solved this problem
and reported at the 51th GEC Conference, Mani, as shown in this report.

Recently Michel Allan published the excellent experimental results for
CO> + e collision data (2002). see p. 89 of this report. His used CO2
molecules are mixture of C02{g), CO2(r) and CO-(v}. The letters in the
bracket mean : g is ground state, r is rotationally excited state and v is
vibrationally excited state. The concentration of (02(g) is negligible small,
and most interesting component in his experiment is the COz(vy). The (02 {(vy)
of about § % concentation have dipole moment. Probably, concentration of
{CO2) » molecules are negligible small.

A1l molecules have the same component M{g), M(r), M(v) and Mo (n = 2),
depend on the pressure and temperature conditien of the experiment. Most
interesting experimental results occur in the triatomic molecules. The
change from linear mode combination of three atems to bend mode combimation
of three atoms, or vice versa, 0CCHI very easy in the triatomic molecules by
vibrational excitation.

Almost theoretical resulis of electron collision cross sections for
molecules are for M{g). Thecretical studies invelving the M(r) and M{v) are
urgently required for many molecules.

! have found the interesting paper of J.R Locker (1983)* on photoabsorp-
tiom cross sections of OCS. And I would like to say that three important
pioneer works on COo are carried out by G.N. Haddad {1979), M. T.Elford {(i930)
and S. J.Buckman (1987), all im Canberra, about 20 years ago.

I would like to present our recent three conference reports at the end of
this report.

M.HBavashi and Y. Nakamura : 51th GEC, Maui 265-266 (1998)
M.Hayashi and Y.Nakamura : EMS-99, Tokyo 175-176 (1999)
S.Yoshinaga, Y. Nakamura and M. Bavashi : 25th ICPIG, Nagoya 285-286 (2001)

* J R Locker, I.B. Burkholder,E. J. Bair and H A. Webster M 1. Phys. Chem. 87,
1864-1868 (1983) [E. hy, 0CS, 195 - 404 K at 226 nm]
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Temperature Dependence of Electron Drift Velocity and
Electron Collision Cross Section Sets
for Ground State and Vibrationally Excited State of the CO,; Molecule

Makoto Hayashi and Yoshiharu Nakamura*

Gaseous Electronics Institute
4-15-14-503 Sakae, Naka-Ku, Nagoya 460-0008, Japan
*Faculty of Science and Technology, Keio University
3-14-1 Hiyoshi, Yokohama 223-8522, Japan

The drift velocity of electrons in carbon dioxide have been calculated 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 state
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 mixture of
different states:

M= M)+ M)+ M)+ 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 (N>2), 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 84 % 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 calculations 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 linear, but CO;(010) is bent and this has a
dipole moment. Electron collision cross section set

of CO,(g) and CO,(v) are expected to be different
each other. In fact, Buckman [3}, Ferch [1] and
Strakeljahn [4] have determined the grand total
cross section Qr for COx(g) and CO4(v) and found
that Qu(v) of CO, are larger than Q{g} at the
electron energies lower than about 10 eV.

It seems to be quite difficult to determine
directly the electron collision cross section sets of
CO;(g) and COy(v) from the beam and swarm
expertments. However, if the cross section sets of
CO5(g) and COy(v) are availabie, we can calculate
the electron swarm parameters of a known
concentration of COz(g) and CO,(v} very easily.
Momentum transfer cross sections qn for CO,(g)
and COy{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 ail other
inelastic cross sections of COx{(g) and CO,(v) are
practically the same [7,8]. At a given temperature,
the concentrations of CO(g) and CO,(v) are known,
then we have calculated the values of electron drift
velocity W in CO,. The results are shown in Fig. 2.
The calculated W values at three temperatures are
in general agreement with the experimental data of
Elford [9].

Haddad {10] have discussed the importance of
the populations of vibrationally excited CO,
molecules already. They also have mentioned the
contributions due to CO; molecules in rotational
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 Hy(g), Ha(r ) and Hz(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
section sets for Hx(g), Hy(r ) and Hx{(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,
CO(g), COx(r) and CO(v), have the definite and
individual cross section sets, and their
concentrations change with temperature. The
temperature dependence is caused 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
f‘IE
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=
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0.1 1 10 30
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Fig. 1. The assumed elastic momentum transfer

cross sections for the ground state (solid curve) and
vibrationally excited CO, molecules (broken
curve).
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May We Measure the Exact Values of
Electron Collision Cross Sections
for Molecules by Beam and Swarm
Experiments 7

M. Bavashi and Y. Nakamura®
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*Faculty of Science and Technology, Keio University
3-14-1 Hiyoshi, Yokohama 223-8522 Japan

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

Target molecule M in both beam and swarm experiments consists of the

wixture of different states :

M= Mg + M(rs) t+ M{vy) + Mn
where M(g), M(ry), M{vi) and My represent the completely ground state
molecules, ihe rotationally excited molecules, the vibrationally excited
molecules and the vap der Waals clusters consisting of N molecules (N=2),
respectively. Usually bean and swarm experiments are carried out at abowut
300 K. The concentration of M(g) is small compared to M(r;) (except H»
molecules) at 300 K. Then the molecule M is always mixture of ¥{r;) and
M(vy), and the concentration of M(rs) and M(v:) changes wiih temperature.
And electron collision cross section sets from elastic to imelastic
¢collision processes for M{r) and M(v) are different each other. The target
molecules M in the beagm and svarm experiments are alwavs mixtures of
different molecules M{r;) and M{v:). In the case of Hz, the target gas
consists of M{g) and M{rs). especially M(g) and M(r.) at 78 X.

Most clear change of cross sections of M{rsy) and M(vy} will occur for
triatomic molecules. COo, No0 and so on. Triatomic molecules can change
from linear to bend, or vice versa easily. The authors [1] have presented
the different elastic momentum transfer cross sections Qur and Qmv fOT
(02 {r) and COx{v}). where they assumed that all other inelastic cross
sections of 0. {(r) and COz(v) are practically the same. Then they have
caleulated the electron drift velocity W as a function of gas temperature
T. When T increas, conhcentrations of €Oz (v) increases, then W decreases
with T at the same E/N, the electric field over the gas number density,
around 58 Td.

We have a comment to the interesting and important paper of ¥. Johnstone,
et ai, [2]. They have measured the temperature dependence of elastic BCS
for {0o at 4.0 eV. Unfortunitly, Qmv for CO2(v) at 4 eV is almost equal to
Qmr for C€0o{r) [1]. Then we propose the same experiments at abont 3.4 eV
for (0 because the temperature dependence of DCS seems to be very large
there.

Winsiead and McKoy [3] calculated the elastic DCS for NoO(g) at low
electron energies and compare the experimental DCS data for Nz0(r) +
NoD (v} mixture at 300 K. W¥e can see large discrepancy between them at
lower thanp about 10 eV. We urge Winstead and Mckoy to calculate the DCS
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for NpoO(v} and also No0f{r) for comparison. We can see the same discrepancy
of DCS for CO, {4] [5] at low electron energies. .

H, molecules have the famous long standing controversy in the vibra-
tiomal excitation cross section [6]. A possibie way to solve the prodiem
may be as follows. At first., theoreticians calculate the Qug, Gmr, Qmv,
drs. Qrr. Qrv. Que. Quver, &0d Quvv foT Hz(g), H, (1'1,) and Hz{Vi). as 4
function of electron energies. Using these data, we calculate the electron
swarm parameters. From beam experiments, we cannot determine the values of
Qme, Qmr. Qra. Qrr {07 Hz(g) and Ho (4} at the same time. It is clear that
the threshold energies of qr and qv for Hao{g) and Hp{ry} are different. -
Bhattacharvva, et al. [T} have shown that elastic integral cross sections
Qtr are larger than qiee for 20 to 200 eV for H,{g) and Ho{ry). We want
the elastic DCS values for Ho(g) and Hp(ry) at low electron energies
lower thar 10 ¢V. Swarm experiments alse carried out in the miztures of
H2{g) and Hy(ri). except for para-Ho{g) at 78 K {concentration of H.(g)
is 99.3 %) . Ve compare the experimental and calculated svwarm parameters
at given conditions.

Usually, thesreticians calculate the DCS for M{g), not for M{r;} and
M(vy), for most molecules. Theoreticzl studies involvirg the rotation-
ally and vibrationally excited species are urgently required for many
molecules. There is a interesting paper given by A Jain [8].

[{f we have the cross section sets for excited inert gas clusiers, we
can caleculate the electron swarm parameters of inert gases at high
pressure and low temperature conditions. The conceniration of the
clusters for atoms and molecules are important at lew temperature and
high pressure conditigns.

Most ipteresting temperaiure dependence occur for attachmeni cross
sections qa [91-113]. The values of non-dissociative gan and dissociative
Qaaq 21e quite different for M{r) and M(v), and M({r) and M{v) have the
definit and individual cross sectiomns, independ on the temperaiure.
Apparent temperature dependence of attachment cross section is caused
through different comceniration of the excited components M{r) and M(v)
at different temperatures.

.Havashi snd Y. Naksmura, 51th GEC, Maui, ITP7.O07. 2685 (1998) €O,

.M. Johnsten, N. J. Mason and W.R. Newell, J.Phys.B26, L147 (1893) CO.

.¥instead and V. NcKoy, Phys. Rev. A57, 3589 (1998) N20

.Tanaks, T. Ishikava, T. Masai, T. Sagara, L. Boesten, M. Takekavas,

.Itikawa and M. Kimura, Phys. Rev. A57,1798 (1998} (O

.C.Gibson, M. A Green, K. W. Trantham, S. J. Buckman, P. J. 0. Teubner and

. J.Brunger, J.Phys.B32, 213 (1999 (0.

.¥.Crompton and M. A Morrison, Aust.J.Phys. 46, 203 (i993%) H-

.K Bhattacharyva, D.K Syama! and B.C. Saha, Phys. Rev. A32, 854 (1985)

.Jaip, 1I.Phys. D21, 153{1991) {Hs SiHe H

.M. Hickam and D Berg, I. Chem Phys. 29 517 (1958) SFs, et al.

.Allan and S. R Wong, Phys.Rev.Lett. 41,1791 (1978} H»

.M. Pear!.P D Burrow, I.[.Fabrikant and G. A. Gallup, J. Chem. Phys.
102, 2737 (1993) CHsCI

{121 W.VWang L.G Christophoreu and J. Vergrugge, J. Chem Phys. 109, 8304
{1998) CCIoF»

[13] L.G. Christophorou, 20th ICPIG, Pisa 3-13 (1991) review

i - - - R - B -

-~ 176 —



19p49

A Measurement of Temperature dependence of
Electron Transport Parameters in CO;

Shun-ichiro Yoshinaga, Yoshiharu Nakamura, and Makoto Hayashi®
Keie University, 3-14-1 Hiyoshi, Yokohama 223-8522, Japan
YGEl, 4-15-14-503 Sakae, Naka-ku, Nagoya 460-0008, Japan

i1. Introduction

CQ, in the ground state is a linear molecule, but the
vibrationally excited CQ, bhas a temporal electric dipole
moment and its electron collision cross section is
expected to be different from that of the ground state.
The CO; gas at elevated temperature naturally consists
of not only the ground state molecules but also
molecules in different vibrationally excited states and
electron transport parameters are again expected to have
temperature-dependence. Haddad and Elford measured
the electron drift velocity in CO; at 193, 293 and 573K
up to E/N=40Td (where E is the electric field and N the
gas pumber density, and 1Td=1x10"" Vem?®) and
actually observed temperature dependent drift velocity
[1]. Buckman er o/ measured the total cross section for
electrons from vibrationally excited (principally 010)
CO, molecules in the energy range 0.12-2.0 ¢V [2] and
confirmed enhanced total cross section for the excited
molecules up to about factor 2.4 of the ground state
molecule.

In the present study we constructed a drift tube capable
of measuring the parameters at elevated gas temperature
up to about 560K, and measured the drift velocity and
the longitudinai diffusion coefficient in CO, over the
E/N range 8-300 Td at 273, 373, 423 and 473K.

2. Experimental description

Figure 1 shows the cross sectional diagram of the
present electron drift apparatus. It consists of a
double-shutter electron drift tube with variable drifi
distance, a non-inductive theathed heater-winding and a
four-hold heat reflector. The drift distance is vaned
from 1 to 5cm by using a linear-motion feedthrough.
The diameter of the drift volume is Scm. Two pairs of
thermocouples were installed at the top of the drift tube
and under the electron coliector and they were used to
monitor and to controi the inside gas temperature. The
gas pressure was measured by an MKS Baratron (10
Torr Head) at cold point and the gas number density in
the drift volume was determined from the monitored
temperature.

Prior to actual measurement in CO, we measured the
transport parameters in pure N,, which are not expected
to have any temperature dependence in the present £/N
range, in order to confirm the determined gas number
density at elevated temperatures between 293 and 473K.
Figure 2 shows the measured temperature dependence
of the electron drift velocity # and the product of the
longitudinal diffusion coefficient and the gas number
density ND; in N, between 293 and 473K at several E/N.

Both parameters were almost independent on the gas
temperature over the present temperature range. They
also agreed very welil with our previous measurement
[3], and it was actually confirmed that we were able to
determine the correct E/N values in the measurements.

Quartz window

Figure 1. The cross sectional diagram of the electron
drift apparatus
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Figure 3. The electron drift velocity # versus E/N at
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Figure 4. Temperature dependence of W in CO..

3. Results and discussions

Figure 3 shows the present electron drift velocities
measured at 293 and 473K. At the lowest and highest
E/N the drift welocity is almost independent on
temperature, but it evidently decreases at higher
temperature at E/N range 17-200Td.

Figure 4 shows the temperature dependence of #.
The estimated error iimit in # is 5% and monotonic
decrease in W with temperature is evidemt at
intermediate E/N. At £/N=8 and 300Td # is almost
independent on gas temperature.

Figure 5 shows the present ND;, at 293 and 473K,
and Figure 6 shows its temperature dependence. The
estimated error limit is £15%, but stll the
temperature dependence similar to the drift velocity
is evident.

Mean energy of electrons participating this

temperature dependence should extend up to a few eV.

The dependence due to rotational excitation and
deexcitation should appear even lower E/N and
vibrational deexcitation should affect only very low -
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Figure 5. NDy, versus E/N at 293K and 473K.
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Figure 6. Temperature dependence of ND;, in COs,.

energy electrons. Therefore, the observed gas
temperature dependence should be related to the
presence of the vibrationally excited molecules with
enhanced elastic cross section dug to their temporal
dipole moment {21.

4, Conclusions

The drift velocity and the product of the

ot At 1 - Y PR —
LGuEiu.m.lﬁm diffusion coefficient of glechrons in

carbon dioxide were measured at 293, 373, 423 and
473K over the E/N range 8-300Td. A monotonic
decrease with the gas temperature was observed in both
transport parameters over the /N measured except at
E/N=8 and 300Td.
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