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COMMITTEE 4: STRUCTURE OF ATOMIC SPECTRA

An excellent review of the present state of the analysis and of future trends has been prepared
by B. Edlén (10). He discusses the electronic structure of the ground configurations, “arranged in
order of the total number of electrons, N, for the first half of the periodic system”. ‘““The intervals
within the ground-configurations are of particular astrophysical significance. The Z-dependence of
these intervals can be expressed with remarkable accuracy by quite simple relations.” He points
out that the electrostatic term intervals, which account for the forbidden nebular lines, have a
linear Z-dependence, while the spin-orbit intervals, increasing with the fourth power of Z, explain
some of the forbidden lines in the solar corona.

More work needs to be done on the third and fourth spectra in the iron group to meet the needs
of astronomers, but progress is being made with selected spectra in this group.

This review contains a current bibliography and an appraisal of the present state of analysis of
individual spectra arranged by sequences. The spectra on which “work is in progress’ are also
indicated. He is preparing a similar report on spectra of the elements of the second half of the
Periodic Table (Z > 30).

Current work on atomic spectra has been reported from several laboratories. At the Institute of
Physics in Lund, B. Edlén lists the following spectra as being investigated: Bem, O, F1v, F v,
Fvi P, P1v, Pv, Su, K1x, Cax, Scn, Scrv, Scv, Tim, Titv, Tixu, Vv, Vv, Ferv.

At the Lund Institute of Technology, L. Minnhagen and his associates have work in progress on
Omr, Mg, Mgiv, Arr, K1, Sr 1, Sriv, Ba i, Ba 1v.

R. D. Cowan has noted several references to investigations of highly-ionized spectra of V, Cr,
Mn and Ni, and their significance in the interpretation of lines observed in the far ultraviolet solar
spectrum and in solar flares (5, 7, 8).

W. R. S. Garton and his colleagues have continued their work in the short-wave region. They
have observed Rydberg series and autoionization resonances in the adsorption spectra of alkali
and alkaline-earth atoms.

An annual report from the Spectroscopy Section of the National Bureau of Standards, prepared
by L. B. Hagan is in press (29). Encouraging progress is being made on the analysis of rare-earth
spectra. A general description of the present status of these spectra is described by W. C. Martin in
two papers on the energy-level structures of lanthanide atoms and ions (46, 47). From 19 known
energy differences of the type 4 f ¥~ nl(6s™)—4 f ¥ (6sM) (with each configuration represented by its
lowest level) he has predicted 23 values. “The resulting data confirm striking regularities among the
f-shell graphs first used by Racah’ to predict unknown system differences.

From absolute measurements in He 11 E. G. Kessler has determined the Rydberg constant to be
109737.3208 +0-0085 cm ™! (41).
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E. Meinders has summarized the spectra on the programs of a number of laboratories, in her
report of the Fourth Conference of the European Group of Atomic Spectroscopists, held at the
Zeeman Laboratory in Amsterdam in 1972 (50).

Those interested in individual spectra are urged to consult a general “Bibliography on Atomic
Energy Levels and Spectra” for the period July 1968 through June 1971, prepared by L. B. Hagan
and W. C. Martin (30). This is a continuation of the 1968 Bibliography by C. E. Moore (53). A
limited number of later references not included in this Bibliography are appended to the present
report. A key indicating the reference numbers that apply to individual spectra, precedes the reference
list.

Some general tables may, also, be of interest. A compilation of “Ionization Potentials and Ioniza
tion Limits Derived from the Analyses of Optical Spectra’ is available (54).

Progress is being made on the preparation of additional sections of the National Standard Refer-
ence Data Series on “Selected Tables of Atomic Spectra’: Section 4, N 1v to N vit and Section 6,
Hi, D, T are in print (55, 56). Manuscript has been completed for N1, N1, and He1, Hem.

Key to References

Spectrum Reference Spectrum Reference Spectrum  Reference
H1i 56 Mg mt 1 Arx 23
Mgiv 2,36 Ar x1 23
Hen 41 Mg vii 19 Ar Xt 23
Mg x 19 Ar xiv 23
Ber 35 Ar xv 23
Ben 35 Al v 19
Be 111 11 Alix 42 K viiu 12
Alx 19, 42 K xmr 3
B1 27 Alxa K xiv 3
K xv 3
N1 17 Si vix 23,38
Niv 55 Six 19, 23, 38 Caix 12
Nv 55 Six 23 Ca xiv 18
Nwvi 55 Si x11 19 Caxv 18
N vit 55
. P vt 40 Sc1 26
O v 16 Pix 40 Scn 66
Px 40 Scin 34
Fv 19 Pxi 40 Sc vi 21
Fvi 19 P xu 40 Sc vt 21
F v 19 P xin 40 Sc vinr 21
F viu 16 Sc x 12
S1 72
Ne1 39 Six 23, 60 Sc x1t 18
Nen 58 Sx 23, 60 Sc x1v 18
Ne 111 45 S x1 23, 38, 60 Sc xv 18
Ne1v 44 S xu 23,60
Nev 44 Tino 66
Ne vi 44 Clx 23 Tivi 21
Ne vii 44 Cl x1 23 Ti vii 21,70
- Ne vix 9,57 Cl xu 23 Ti viu 21
Ne 1x 9, 57 Cl xm 23 Tix 21
Cl x1v 23 Ti x1 12,21
Na 11 52 Ti x1v 18
Na w1 19 Art 31* Ti xv 18
Na 1x 19 Arnu 51
Ar vt 6,9
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Key to References (continued)

Spectrum Reference Spectrum Reference Spectrum  Reference
Vdu 66 Mnn 66 Zn1 48
Vd vit 21 Mn x 22
Vd vin 21 Mn x 20,22 Asn 43
Vd ix 21 Mn x1 20,22
Vd x 21 Mn x11 20, 21,22 Kri 31*
vd xx 22 Mn xm 20, 21,22
Vd xu 21,22 Mn x1v 20, 22 Rbn 64
Vd xm 22 Mn xv 22 Rbm 33,63
Vd xv 18
Fen 66 Srm 59, 64
Crn 66 Fe 1x 22
Cr vin 20 Fex 20,22, 74 Yt1 25
Crix 20, 21 Fe x1 20, 22, 38,74 Ytiv 64
Crx 20, 21 Fe xn 20, 22,38,74 Ytv 62
Crxa 20, 21 Fe xm 20,22, 38,74
Cr xu 20, 22 Fe xiv 20,22,74 Zrv 64
Cr xmt 21,22 Fe xv 5, 20, 21, 22 Zr vi 13
Cr xv 22 Fe xvi 22
Cr xv 71 Nbwvi 64
Con 66 Nb vir 14
Cox 21,24
Co x1 21,24 Mo vi1 64
Co xn 21,24 Mo viu 15
Co xm 21,24
Co xiv 21,24 Cd1 48
Co xv 21,24
Co xvI 21,24 Lam 37
Co xvi 21,24 Laiv 32
Nin 65, 66, 67 Ce1 73
Ni x1 21 Cen 73
Ni x11 21 Cev 61
Ni x1m 21, 38 Cev 61
Ni xIv 21, 38 Dy1 28
Ni xv 21, 38 Tmi1 69
Ni xvi 21 Tmn 4
Ni xvit 21,74 Luwv 68
Ni xvir 21,74 Hg 48, 49
Tio 49
Pb 49
Biv 49
* Refers to isoelectronic sequence
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COMMITTEE 5: MOLECULAR SPECTRA

Compendia, bibliographies and atlases

The period of time covered by this report saw the appearance of a number of important publica-
tions. Of primary importance has been the appearance of the second edition of Spectroscopic Data
relative to Diatomic Molecules (1) preprared by an international team of spectroscopists under the
direction of B. Rosen. About 700 diatomic molecules are covered. For each molecule most of the
following are included : mode of production, wavelengths and classification of vibrational band heads,
molecular constants, dissociation energies, perturbations, predissociations, ionization potentials,
transition probabilities, and a detailed bibliography to 1969. As a follow-up to this enormous task,
a group is preparing to produce annual critical abstracts and up-dates. A program is being written
at Stockholm to catalogue data from this table, both by molecule and by wavelength. Several biblio-
graphies have appeared or are in preparation. Carlos Suarez at La Plata has compiled via computer a
Bibliography of Spectra of Diatomic Molecules, 1960-1970. 1t is in four parts; a few polyatomic
molecules are also listed. The International Union of Pure Applied Chemistry publishes a Biblio-
graphy on the High Temperature Chemistry and Physics (2) which includes many interesting references
to laboratory techniques, specific heats, transition probabilities, etc. T. M. Dunn at Michigan and
T. Larsson and H. Neuhaus at Stockholm are maintaining bibliographies of hyperfine structures in
diatomic molecules, David R. Lide of the Office of Standard Reference Data, N.B.S., has called
attention to the new Journal of Physical and Chemical Reference Data, which will include compilations
and reviews of interest to molecular spectroscopists. The bi-monthly Berkeley News letters are
continuing; the mailing list has grown to cover 400 spectroscopists in various countries. Each
bi-monthly issue includes a bibliography of papers on diatomic and simpler polyatomic molecules
appearing in over 30 journals. R. W. Nicholls has continued the publication of the series of Identifi-
cation Atlases of Molecular Spectra, the most recent covering the CO Fourth Positive System, VO,
and the CN Red System; an atlas on the CN violet system is in preparation. Publication of the
CRESS reports by Nicholls and his collaborators has continued; they include data on Franck-
Condonfactorsandrelated quantities for a long series of band systems. Lifetimes in gaseous diatomic
molecules have been discussed in a recent article by Anderson (3). Finally a number of monographs
of great value have appeared. They include: Rotational Structure in the Spectra of Diatomic
Molecules by 1. Kovacs (4), Far-infrared Spectroscopy by Moller and Rothschild (5), Microwave
Molecular Spectra by Gordy and Cook (6), Rydberg series in Atoms and Molecules by Duncan (7),
An Introduction to Molecular Spectroscopy by Herzberg (8), Low Temperature Spectroscopy by
B. Meyer (9) and Revised Tables of Diatomic Molecular Constants by K. P. Huber (10).

Molecular data

Even if the discussion is limited to molecules of astrophysical interest, the research that has been
completed is much too extensive for full coverage here. Reference should be made to the bibliogra-
phies listed above. A selection of recent analyses includes the following.
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