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INTRODUCTION

Energy-level and transition diagrams have been indispensable since their first appearance in the
literature of atomic structure. The pioneering work by Grotrian' was so important that his
name has since been associated with pictorial representations of electronic transitions. In the
years following the publication of Grotrian’s books, the growth of information was so rapid
that subsequent.compilations. were restricted to special cases, such as transitions of interest to
astrophysics, or transitions within a given range of wavelengths. However, our own experience
suggested that a collation of all present information concerning electronic transitions in men-

atomic systems would be useful to the scientific commumty, and we have attempted to make

such a collation.

Despite our concern with the entire area of atomic spectroscopy, we have found it necessary
to exclude certain parts from our compilation. Thus we have largely neglected hyperfine
effects, radlo-frequency spectroscopy, and inner-shell transitions. We have used prmc1pally the
information contained in the energy-level compilations by Moore? and Kelly,* the “spectral
data in the publications by Kelly and Palumbo * and by Striganov and Sventitskii,* and a small
number of papers not summarized in the foregoing works.

DIAGRAMS

The diagrams are of two kinds. One shows the energy levels, the other the electronic transitions
and associated wavelengths. ’

a) Energy-Level Diagrams

The general format of these dlagrams is quite standard — a level is represented by a short hon-
zontal line which is located by two coordinates. The ordinate is the level’s energy, always ngen
in inverse cm, and the abscissa indicates some combination of quantum numbers. With the
exception of some hydrogenic and helium-like systems, the levels’ energles are derived strictly
from experimental spectra.

Preparation of .these diagrams was hampered by the fact that there are numerouys cases -

where different authors give different quantum numbers for the same level. We have simply
used the values compiled by Kelly 3 and kmdly supplied by him from his unpublished work. In
a few instances, Kelly himself lists two or more values for a given level. Here we have either
taken the most recent data, or we have mdlcated by, “*see Kelly”, that a umque value has not
yet been determined.

For the abscissa, we have used familiar combinations of spin and orbital angular momenta,
in most cases; taking the final designation given by Kelly? with a certain exception noted below,
In a number of systems, there are discrepancies between the designations listed by Kelly * and
those used by Striganov and Sventitskii.® For example, in Si I, Kelly describes many levels in
terms of j.! orj, i coupling, whereas the other-authors use LS coupling. We have followed Keli:.
and have transposed the designations of Ref. 5 into those given by Kelly.

The exception mentioned above is that we have adopted the “primed” symbols in Moore’s
tables,? whereas Kelly omits primes entirely. Sometimes Ref. 5 uses primes which do not con-
form to the pattern followed by Moore; we have used Moore’s notation.

It became apparent with our first diagrams that the variety of levels is so great that no single
format can serve to represent all of them. It was also clear that some level systems are too
densely packed to permit inclusion of all the data. We have tried to exhibit each 'system



according to a format which seems best for it, sometimes avoiding any redundancy, and some-
times deliberately including duplicate information, so as to give a clear picture. When level den-
sities are;inconveniently high, we have indicated the topmost level and one or two below until
the density is at such a value that all the lower levels can be shawn. The level energy as derived
from experiment is given to the full precision with which it is listed in the literature. However,
some of the calculated levels are given with less precision than is stated in the original source.

In many ions, a number of differcnt core configurations produce similar final configutations.
Often a single diagram suffices for displaying all the levels, but there are also instances where
each core contributes so many different configurations that each core is given a separate dia-
gram. The cores are then indicated in the title and corner labels for the dlagrams Where dlffer-
ent cores occur, they have been specifically defined on the diagrams.

Each level diagram contains a key which defines the various symbols. We include, as well,
information on the ionization level, taken from Ref. 4, and the ground configurations of the
- jon and the next higher ion. The j,/ and j,j intermediate coupling schemes are represented by
different brackets, namely, [ ] and § &, respectively. All level listings gre in order of increasing
excitation, and all j-values are in order of increasing excitation. When intermediate coupling
occurs, the intermediate-coupling %ngular momenta are shown in a vertical array, again, in
order of increasing éxcitation, from bottom to top. While j-values are shown inside parentheses,
we had to account for the fact that-sometimes a single energy is listed for two or more differ-
ent villueswof j. For example, the 3d *D term of Na V is listed as: :

- 797270 A
O 97060 T3¢ U5/2.3/21,1/2),
which means that the lowej number is common to the first two j-values and the upper number
‘belongs to j =1/2. -

The ionization level is shown as a horizontal dashed line. The ionization level is simply the
_energy difference between the ground term and the bottom of the continuum for the terms
having the ground-term core. '

b) Grotrian Diagrams

Diagrams showing transitions fron one spegtroscopic term to another are called, “Grotrian
Diagrams”. We have shown most of the transitions listed by Kelly and Palumbo ¢ ‘and by
Striganav and Sventitskii, * as well as a few others taken from more recent publicatiohs. Some- -
times the line density is too great for every line to be drawn with clarity. In such cases, we
have shown the line of shortest wavelength, and as many of the others as could be done con-
venigntly. The decision as to what to omit was arbitrary. In a number of instances, the Grotrian
diagram was divided.into two or more. In most instances, but not all, the same energy scale has
been used, for the Grotrian and energy-level diagrams. ‘

The pregision with which wavelengths have been measured is often gratifyingly high, but it
was imposkible to incorporate the full precision into our pictures. We have usually given wave-
lengths with one significant figure less than that in the literature, but there are a few cases,
especially for systems drawn in the early days of this project, where all decimals have been
omitted. When there are two lines in a multiplet, two numbers are given, separated by a comma;
when there are more than two lines, the extreme wavelengths are given, separated by a dash.
Wavelengths are in vacuum for valucs shorter than<2000 A, and in air for longer values.

FUTURE WORK

We uare extending the present work into the clements of higher atamic number. Drawings for
the sccond volume are now in preparation. In addition, we hope to make revisions of the
present drawings as corrections, new information, and other improvements are brought to our
attention. We look forward to receiving comments from the scientific community. '
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SOURCES

The bibliography which is given for each stage of ionization is to be taken as an addition to the
general references which are listed below. For those stages of ionization for which no bibliog-
raphy appears, the information was taken entirely from the following references. OCcasmnally,
a research paper has been identified .on a particular energy-level or Grotrian dlagram

1.
c 2

3.
.R.L. Kelly and L.J. Palumbo, Atomic and Ionic Emission Lines Below 2000 Angstroms,

The general references are: .

W. Grotrian, Graphische Darstellung a’er Spektren, J. Springer (Berlin 1923),

C.E. Moore Atomic Energy Levels, Circular 467, National Bureau of Standards, Vol. 1
(1949), reprinted as NSRDS-NBS 35, Vol. 1.

R.L. Kelly, Tabulation of Energy Levels for Atoms and Ions, unpubhshed

Hydrogen Through Krypton (U.S. Govt Printing Office, Washmgton D.C., Stock No. 085]-
00061, 1973).

AR Stnganov and N.S. Sventitskii, Tables of Spectral Lmes of Neutral and Iomzed Atoms,

IF1/Plenum (New York, 1968).

. C.E. Moore and P.W. Merrill, Partial Grotrian Dzagrams of Astrophysical Interest, Appendix

A of Lines of the Chemical Elements in Astronomical Spectra, (Carnegie Instltutlop of
Washington Publication 610, 1958 - reprinted as NSRDS-NBS—23)
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use separate drawings for the smglet energy levels but one Grotnan diagram. Consequently, that
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