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Foreword

The Journal of Physical and Chemical Reference Data is published jointly by the
American Institute of Physics and the American Chemical Society for the National
Bureau of Standards. Its objective is to provide critically evaluated physical and
chemical property data, fully documented as to the original sources and the criteria
used for evaluation. One of the principal sources of material for the journal is the
National Standard Reference Data System (NSRDS), a program coordinated by
NBS for the purpose of promoting the compilation and critical evaluation of prop-
erty data.

The regular issues of the Journal of Physical and Chemical Reference Data are
published quarterly and contain compilations and critical data reviews of moderate
length. Longer monographs, volumes of collected tables, and other material un-
suited to a periodical format are published separately as Supplements to the Journal.
This monograph, “Atomic Energy Levels of the Iron-Period Elements: Potassium
through Nickel” by Jack Sugar and Charles Corliss is presented as Supplement No.
2 to Volume 14 of the Journal of Physical and Chemical Reference Data.

David R. Lide, Jr., Editor
Journal of Physical and Chemical Reference Data

[[} J. Phys. Chem. Ref. Data, Vol. 14, Suppl. 2, 1985






Atomic Energy Levels of the
Iron-Period Elements:
Potassium through Nickel

Jack Sugar and Charles Corliss®

National Measurement Laboratory, National Bureau of Standards, Gaithersburg, MD 20899

Experimentally derived energy levels of the elements from potassium to nickel in
all stages of ionization are critically compiled. The data for each level include its
position in cm™' (relative to the ground state), configuration, term designation,
J-value, and, where available, the g-value and two leading percentages of the
eigenvector composition in the most appropriate coupling scheme. For the He 1 and
H 1 isoelectronic sequences, calculated level positions are given because they are
considered more accurate than the measurements presently available. Ionization ener-
gies for each ion are derived either from Rydberg series, extrapolation, or calculation.
Complete references are given for the compiled data.

Key words: calcium; chromium; cobalt; compilation; energy levels; manganese; nickel; potassium; scan-
dium; titanium; vanadium.

*Present address: Forest Hills Laboratory, 2955 Albemarle St.,, NW, Washington, DC 20008.
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8 J. SUGAR AND C. CORLISS

Introduction

The NBS Atomic Energy Levels Data Center, in the
Division of Atomic and Plasma Radiation, has under-
taken to provide new compilations of atomic energy lev-
els for all stages of ionization of each atom. A compilation
of energy levels of the rare earth elements by Martin,
Zalubas, and Hagan was issued in 1978. The recent pro-
gram has concentrated on the elements H through Ni.
The data for each element have been published separately
as completed, with the intention of later revising and
bringing together into one volume related groups of ele-
ments. The present volume is such a revision, containing
the collection of all data for the elements K through Ni.
It is based on the compilations of Ca, Sc, V, Cr, and Co
by Sugar and Corliss (1979, 1980, 1978, 1977, 1981) and K,
Ti, Mn, Fe, and Ni by Corliss and Sugar (1979, 1979,
1977, 1982, 1981), and Fe by Reader and Sugar (1975)
with numerous revisions and additions taken from the
published literature or received privately. Other works
that have been issued in separate publications
cover the elements Al, Mg, Na, and Si by Martin and
Zalubas (1979, 1980, 1981, 1983). Having completed the
elements of the iron period, the Data Center now intends
to carry on the compilations for elements of the n =4
shell (Cu through Pd), and to complete the elements be-
tween H and Ar.

Generally, we have used only published papers as sour-
ces of data. Unpublished data are included when they
constitute a substantial improvement over material in the
literature. For many of the higher ions the original papers
do not give energy level values, but only classifications of
observed lines. In these cases we have derived the level
values.

All energy levels are given in units of cm~!, beginning
with a value of zero for the ground level. Ionization ener-
gies found in the literature are usually given in eV or in
cm~!. The conversion factor, 8065.479(21) cm~'/eV,
given by Cohen and Taylor (1973), is used here. In a few
cases where adequate data were available but the ioniz-
ation energy had not been derived, we carried out the
calculation. For a number of the ions, no suitable series
are known. In these cases we have quoted values obtained
by Lotz (1967) by a method of successive differences
along isoelectronic sequences. Although uncertainties are
not provided with these extrapolated values, we estimate
that they are accurate to 0.2% by comparing them with
recently determined values.

Nearly all of the data are based on observations of
various types of laboratory light sources. However, the
laboratory data are sometimes supplemented by data ob-
tained from solar observations. This is particularly true
where spin-forbidden lines are needed to establish the
absolute energy of a system of excited levels and where
parity-forbidden transitions between levels of a ground
configuration are used to obtain accurate relative ener-
gies for the low levels. Whenever both solar data and

J. Phys. Chem. Ref. Data, Vol. 14, Suppl. 2, 1985

equivalent laboratory data are available preference is gen-
erally given to the laboratory measurements.

When no observations are available to connect inde-
pendent systems of levels, an estimate of the connecting
energy is adopted. Those level values affected by the
estimate are denoted by +x following the value. The
value of x is the systematic error of the estimate.

We have included under the heading “Leading Per-
centages” the results of calculations that express the ei-
genvector percentage composition of levels (rounded to
the nearest %) in terms of the basis states of a single
configuration, or more than one configuration where
configuration interaction has been included. We give first
the percentage of the basis state corresponding to the
level’s name; next the second largest percentage together
with the related basis state. Sometimes the leading per-
centage in an alternative coupling scheme is given. Gen-
erally, when the leading percentage is less than 40%, no
name is given. When the first and second resultant terms
are the same and sum to Z40%, the first name is given.
When the first and second resultant terms are the same
but have different parentages, and their share of the ei-
genvector composition sums to 40% or more, the level
will be named as the higher precentage term. In cases
where these percentages differ by one or two units (an
insignificant difference), either term may be selected for
the level name, and the lower percentage may appear
first. For the unnamed level, the term symbol follows the
percentage. The user should of course bear in mind that
the percentages are model dependent, so that the results
of different calculations can yield notably different per-
centages. Percentages for the odd parity configurations of
the neutral atoms of Mn, Fe, and Ni were obtained from
Roth (1980). This publication gives the results of revised
calculations intended to supersede those of Roth (1969,
1970) for Ca through Ni. We used other sources for the
Ca and Sc calculations. In the case of Ti, V, Cr, and Co
the 1969 and 1970 results by Roth are adopted. We in-
tended to use his new calculations for these elements as
well, but we found that the sum of percentages for a
number of states exceeded 100 by significant amounts. We
therefore have used the new results only for those cases
where this error was not present.

For configurations of equivalent d-electrons, several
terms of the same LS type may occur. These are the-
oretically distinguished by their seniority number. In the
present compilations they are designated in the notation
of Nielson and Koster (1963). For example, in the 3d°
configuration there are three ’D terms with seniorities
of 1, 3, and 5. These terms are denoted as D1, D2,
and ’D3, respectively, by Nielson and Koster. Martin,
Zalubas, and Hagan (1978) give a complete sum-
mary of the coupling notations used here, tab-
les of the allowed terms for equivalent elec-
trons, etc.

The text for each ion does not include a complete
review of the literature but is intended to credit the major
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contributions. In assembling the data for each spectrum,
we referred to the following bibliographies:

1. Papers cited by Moore (1949, 1952)

ii. C. E. Moore (1968, 1969)

iii. L. Hagan and W. C. Martin (1972)

iv. L. Hagan (1977)

v. R. Zalubas and A. Albright (1980)

vi. Card file of publications since June 1979
maintained by the NBS Atomic Energy Lev-
els Data Center

He 1 Isoelectronic Sequence

Spectra of K, Ca, Ti, and V were obtained by Aglitskii
et al. (1974) with a laser-heated plasma in third and fifth
orders of a crystal spectrograph. Reference lines of Mg x1
and Al x11 published by Flemberg (1942) were used, and
an uncertainty of +0.0005 A was reported for the lines of
the He 1 isoelectronic sequence, which fall in the range of
2.3-3.6 A. Flemberg’s reference wavelengths were in x-
units. The equivalence to A that he used must be in-
creased by 8 parts in 10°, according to the more recent
conversion determined by Deslattes and Henins (1973).
With this correction, the data of Aglitskii et al. deviate
randomly from the calculated wavelengths of Safronova
(1981) by +0.0008 A.

In a beam-foil experiment the He-like argon spectrum
was observed by Briand et al. (1983a). Their wavelengths
for the 1s?'So—1s2p °P} and 'P} transitions were
3.9693(3) A and 3.9491(3) A, in agreement with the calcu-
lated values by Safronova.

The 1525 S, — 1s2p P} transition has been measured in
Ca x1x by Livingston (1983) and in Fe xxv by Buchet et
al. (1982). The measured wavelengths are 466.78(8) A for
Ca and 271.04(10) A for Fe. The corresponding energy
differences are greater than those predicted by Safronova
by 162(37) and 123(136) cm ™', respectively, or 0.07% and
0.03% of the energy difference. A new calculation of
these energies by Hata and Grant (1983) predicted values
that were 60 cm™' lower in Ca and 154 cm™! lower in Fe
than the observed values.

Because of the excellent agreement of Safronova’s cal-
culations with the best experimental data available and
the paucity of these data, we have based our compilation
of this sequence on her results. We quote her calculated
energies for the 1s2s and 1s2p levels of the He I iso-
electronic sequence and for the principal ionization ener-
gies (with correction to the Rydberg for finite atomic
mass). The observed 1s2s°S,—1s52p °P; intervals in
Ca x1x and Fe xxv mentioned above are incorporated in
the respective level lists. For n =3-5 we subtract the
calculated binding energies reported by Ermolaev and
Jones (1974) from the binding energy of the ground state
by Safronova to arrive at energy level values. The uncer-
tainty in the calculated energy levels and the ionization

energies is assumed conservatively to be 2 parts in 10%,
corresponding to the deviations from the Aglitskii et al.
(corrected) observations. (The deviation from the mea-
surements in Ar is 1 part in 10%) The uncertainties in
energy differences for levels of the same 1 -value are esti-
mated to be 2 parts in 10°. The deviation of the 1s2p
3P; —'P; intervals measured by Aglitskii et al. with reso-
nance lines differ randomly from the calculated values of
Safronova by 3%.

The singlet-triplet mixing coefficients for the 1snp *P°
states are quoted from Ermolaev and Jones.

H 1 Isoelectronic Sequence

No observations of 1s —np transitions have been suf-
ficiently accurate to test the theoretical values. The best
measurement available is for the 1s —2p energies for Fe
XXVI with an uncertainty of -5000 cm ', or 1 part in 10,
by Briand, Tavernier, and Indelicato (1983b). Erickson
(1977) has calculated the absolute binding energies for
each of the levels through n =5 and for the ns and np
states through # =13. An improved calculation of the
Lamb-shift effects was reported by Mohr (1983), who
gave the energy separations among the 7 =1 and 2 levels.
Gould and Marrus (1983) have measured the Lamb-shift
of the 25 %S,,, state of Ar xvi, obtaining the value
1264(13) cm™'. Their result agrees with the value
1275.8(0.8) cm ™' calculated by Mohr and is three stan-
dard deviations lower than Erickson’s value of 1301(2)
cm™,

We have compiled Mohr’s results for the energy sepa-
rations of n =1 and 2 levels, and Erickson’s for # =3-5
relative to the 2p P35, level. This increases Erickson’s
values for the levels, or, equivalently, increases the bind-
ing energy of the ground state (the ionization energy).
Assuming that the uncertainty in these compiled values is
mainly due to the error in the Lamb shift, we take the
fractional error as equal to the experimental fractional
error in the Ar measurement. This contribution to the
level values relative to the ground state is about 4 parts in
10° for the iron period. This is about 10 times the error
estimated by Mohr for his calculated 1s —2p intervals.
The corresponding intervals calculated by Erickson are
lower than those of Mohr by about the same fractional
amount.

Tables of Wavelengths

For general sources of wavelengths for the elements
considered here we refer the reader to the compilation by
Kelly (1985) for the range 1-2000 A and by Kelly (1979)
for the range 2000-3200 A, to the tables of spectral lines
in the CRC Handbook of Chemistry and Physics
(1984-1985) from 40-40 000 A, and to Tables of Spectral
Line Intensities by Meggers, Corliss, and Scribner (1975)
from 2000-9000 A.

J. Phys. Chem. Ref. Data, Vol. 14, Suppl. 2, 1985
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Z=19

Ground state: 15225%2p®3523p%4s 2§, ,

Ionization energy = 35 009.8140=-0.0007 cm "' (4.340690.00001 eV)

On the basis of measurements of 21 lines in the range
5300-9600 A, Edién (1936) established the series of terms
4s —8s5, 4p —6p, 3d —6d, and 4f —9/. To connect the 3d
and nf terms to the ground state he relied on earlier mea-
surements of the forbidden 4s *S — 34 D doublet.

The np series was extended through #n =79 in absorp-
tion observations by Kratz (1949), with resolved fine
structure through n =17. Using frequency-doubled light
from a dye laser, Lorenzen and Niemax (1983) observed
the np series from n =9-21 with an accuracy of +0.003
cm™". They note that the older data may be systematically
shifted by pressure effects. Where they overlap, these
data and the observations of Kratz differ by about 0.13
cm ™', the latter being systematically higher in energy. We
give the results of Lorenzen and Niemax to n =21. They
derived a series formula which reproduces their observed
levels within £0.004 cm~". It requires only the insertion
of the principal quantum number #, and may be used to
calculate higher series members.

Risberg (1956) reobserved the spectrum from
3100-12 000 A, using a hollow-cathode discharge. From
these measurements and unpublished observations of I.
Johansson beyond 12 000 A, he determined the term val-
ues through 13s, 10p, 11d, and 11f. Higher members of
the s and d series were observed by Harper, Wheatley and
Levenson (1977) and by Shen and Curry (1977) by two-
photon absorption from the ground state. The fine struc-
ture splitting of the nd states from #» =8 to n =19 was
measured by Harper and Levenson (1976). Gallagher and
Cooke (1978) have measured the intervals of the 154,
16d, 18d, and 204 terms more accurately.

The 5d and 6d intervals were measured by Nilsson and
Svanberg (1979) with an uncertainty of +0.5 MHz. They
combined their results with those of Gallagher and Cooke,
who report approximately the same uncertainty, to derive
a formula for all the nd splittings from n =3-20. They are
compared below with the splittings measured by
Lorenzen et al. (1981).

New observations of the energy levels of the ns-series
(n =9-46) and nd -series (n =7-46) were made with two-
photon absorption by Lorenzen, Niemax, and Pendril
(1981) with an accuracy of +0.0007 cm™'. Their results,
relative to the center of gravity of the hyperfine splitting
of the ground state, are given here. Where they have
skipped levels above n =29, we give values in brackets
obtained by application of a Rydberg series formula fitted
to their lower levels. Their value for the ionization en-
ergy relative to the center of gravity of the hyperfine
splitting of the ground state is quoted (the uncertainty in
eV is due to the uncertainty in the conversion factor).

n AE/h AE/hc AE/he
(MHz) (em™") Lorenzen et al.

3 71 967(5) 2.40051(2)

4 32 356 1.07926

5 15 102.9 0.50377

6 7 965.5 0.26570

7 4 655.0 0.15527 0.1541(7)

8 2 944.6 0.09822 0.0985

9 1979.4 0.06602 0.0657

10 1 391.8 0.04642 0.0462

11 10174 0.03394 0.0334

12 766.7 0.02557 0.0254

13 592.5 0.01976 0.0196

i4 467.5 0.01559 0.0154

15 375.49 0.01252 0.0123

16 306.25 0.01022 0.0102

17 253.1 0.00844 0.0084

18 211.63 0.00706 0.0070

19 178.8 0.00596 0.0060

20 152.42 0.00508 0.0051

With a similar experiment Thompson, O’Sullivan,
Stoicheff, and Xu (1983) obtained equivalent results for
these series. They extended the ns series down to n =6
and up to n =355, and the nd series down to # =5 and up
to 50. We have added their low ns (n =6-8) and nd
(n =5-6) terms, adjusting them to the center of gravity of
the ground state hyperfine splitting. The higher members
of the nf series were observed by Bensoussan (1975) by
means of continuum absorption from the 3d state, which
was populated by dye laser pumping.

The 5g term is from Litzén (1970), who observed the
4f — Sg transition at 40 158.37 A. The three decimal term
values for the 3d, 4p, 5s, 5p, and 4d levels are from
infrared measurements of Johansson and Svendenius
(1972).

The g factor of the ground state is from Vanden Bout
et al. (1968), that for 5p *P},, from Fox and Series (1961),
and those for the higher levels are from Belin, Holmgren,
Lindgren, and Svanberg (1975).

The 3p°4s??P° term was observed by Beutler and
Guggenheimer (1933) at 653.31 and 662.38 A in absorp-
tion froip the ground state. Mansfield (1975) observed the
absorption spectrum in the autoionizing region from
350-700 A. He identified the 3p°4snd series to n =20 and
the 3p°4sns series to n =21. We have added the ?P° term
designation for the higher members of the s and d series
starting with 8s and 7d.

The single configuration identifications of these broad
absorption lines in the autoionizing continuum should be
regarded as a simplified approximation. There is clearly
strong series mixing, as noted by Martin, Tech, and
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Wilson (1969) in their analysis of the 3p° 3s3d config-
uration of K 1. The position of the 3p°4s® *P° term is from
Mansfield. Many other absorption features are tentatively
identified in his paper, but are not included in the present
compilation,

Arrangement of Tables

The first table of energy levels presented here for neu-
tral potassium is arranged in the usual way; the terms are
listed in order of increasing energy without regard to
configuration assignments. Because many long Rydberg
series have been observed in K 1, we present a second
table for this spectrum in which the series are listed sepa-
rately, followed by their series limits. This table corre-
sponds more closely to the character of the observed
spectrum. The series are listed in order of increasing en-
ergy for the first series member. The series member with
the largest value of # for each term type is followed by the
limit of that series in K 11.
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K1: Ordered by term values
Configuration Term J Level g
(cm™")
3p°(’S)4s 5 Yy 0.000 2.002295
3p°(1S)4p 2pe Y 12 985.170
%, 13 042.876
3p8('S)5s %5 A 21 026.551
3p’('S)3d ’p VA 21 534.680
A 21 536.988
3p*(1S)5p 2pe Yy 24 701.382 0.665
VA 24 720.189
3p°(’S)4d p A 27 397.077
% 27 398.147
3p%(1S)6s £ Y, 27 450.7104
3p*(IS)4f g A 28 127.85
3p°('S)6p Zpe A 28 999.27 0.6663
A 29 007.71 1.3337
3p°('S)5d p A 30 185.2439 | 1.2004
VA 30 185.7476 | 0.7997
3p*(’S)7s ) Yy 30 274.2487 | 2.0020
3p8('S)5f 2pe Yor Vs, 20 606.73
3p%(18)5¢ G A 30 617.31
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ATOMIC ENERGY LEVELS OF POTASSIUM THROUGH NICKEL

K 1:  Ordered by term values—Continued
Configuration Term J Levell g
(em™)
3p8('S)1p 2pe Y, 21 069.90 0.6659
EA 31 074.40 1.3336
3p*(1S)6d p % 31695.9005 | 1.2013
% 31696.1661 | 0.7999
3p5(19)8s S Y, 31 765.3767 2.0028
3p°('S)6f 2p A 31 953.17
3p°('S)8p Zpe Yy 32 29744
%, 22 230.11
3p8('8)7d ) %, 32 598.2881
% 32 598.4437
3p®(’S)9s g Yy 32 648.3511
3pb(18)1f 2pe A 39 764.80
3p°(1S)9p pe Y, 22 940.2030
%, 32 941.9262
3p®(1S)8d D A 33 178.1339
% 33 178.2324
3p5(1S)10s g Y, 33 214.2267
3p8(1S)8f g A 33 291.40
3p®(1S)10p pe Yy 33 410.2306
A 39 411.3986
3p°(*S)9d D % 33 572.0592
% 33 572.1249
2
3p*(18)11s 3 Y 33 598.5597
3p°(18)9f 2pe A 33 652.32
3p°(*S)11p 2pe Y, 23 736.4979
%, 38 737.3284
3p5(18)10d p a 33 851.5956
% 33 851.6418
3p5(18)12s s Y, 33 871.4788
3p%(!8)10f 2pe A 23 91042
3p5%(18)12p 2pe Y, 38 979.2064
% 33 972.8148
3pt(18)11d D % 34 057.0051
%, 34 057.0385
3p°(19)13s 8 Yy 34 072.2393
3p°(18)11F pe A 34 101.36

13

(Continued)
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K 1: Ordered by term values—Continued

Configuration Term J Level
(cm™")
3p8(’8)13p 2p- Y, 34 148.0284
% 34 148.4861
3p%(18)12d p VA 34 212.3139
% 34 212.3393
3p%(’8)14s 5 Y, 34 224.2113
3pt(18)12f ’pe A 34 246.97
3p°(1S)14p 2pe Y 34 282.6573
¥, 34 283.0181
3p°(!S)13d D A 34 332.5627
% 34 332.5823
3p°(’8)15s 3 A 34 342.0150
3p*(18)13f 2pe XA 24 359.96
3p°('S)15p pe Y, 24 388.0315
% 24 388.3148
3p5('S)14d D A 34 427.5513
%, 34 427.5667
3p%(’S)16s 8 Y, 34 435.1762
3p8(}9) 141 Zpe XA 34 448.98
3p%('S)16p Zpe Yy 84 472.0505
% 24 472.2798
3p%('S)15d D VA 34 503.8844
%, 34 503.8967
3p°(18)17s g Yy 34 510.1190
3p8(18)17p Zpe A 24 540.1250
% 24 540.3088
3p°(18)16d p % 34 566.1420
A 34 566.1522
3p%(18)18s ’s Y, 34 571.3017
3p8('S)18p 2pe Yo 24 596.0448
% 34 596.1996
3p%(18)17d 2p A 34 617.5815
% 34 617.5899
3p8('8)19s s Y, 34 621.8976
3p°(!8)19p pe % 24 642.6698
3p5('S)18d D %, 34 660.5702
%, 34 660.5772
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ATOMIC ENERGY LEVELS OF POTASSIUM THROUGH NICKEL 15

K 1: Ordered by term values—Continued

Configuration Term J Level g
(cm™)
3p°(’S)20s 5 Yy 34 664.2161
3p8('S)20p Zpe %, 34 681.7220
3p5(*S)19d D % 34 696.8629
%, 34 696.8689
3p°(18)21s s Yy 34 699.9692
3p8(1S)21p Zpe %, 24 714.8646
3p('8)20d D % 34 721.7798
% 34 721.7849
61 2, 1
3p8('S)22s S A 34 730.4476
3p°(’s)21d ’p A 34 754.3327
% 34 754.3371
3p°('S)28s s Yy 34 756.6407
3p8(’S)22d p e 34 777.3058
%, 34 777.3096
3p5('8)24s 5 Yo 34 779.3147
3p5('8)23d p s 34 797.3141
% 34 797.3174
3p°('S)25s s Y, 34 799.0740
3p8('8)24d D A 34 814.8472
%, 34 814.8502
3p°(’8)26s 5 Yy 34 816.3971
3p%(18)25d D VA 34 830.2969
% 34 830.2994
3p8(18)217s %3 Y, 34 831.6690
3p°(18)26d D oA 34 843.9804
A 34 843.98217
3pt('S)28s ] A 34 845.2004
3p°(18)27d D A 34 856.1570
%, 34 856.1590
3p°('S)29s S A 34 857.2470
3p°('S)28d D % 34 867.0404
A 34 867.0423
3p%('S)30s 3 Yo 34 868.0180
3p°(18)29d D A [ 34 876.8070]
%y [ 34 876.8087]
3p5('8)31s s Yo [ 34 877.6871) (Continued)
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J. Phys. Chem. Ref. Data, Vol. 14, Suppl. 2, 1985

K 11 Ordered by term values—Continued
Configuration Term J Level
(cm™)
3p°(’8)30d D % 34 885.6048
% 34 885.6062
3p%('S)82s s A 34 886.3999
3p%('S)31d ’p % [ 34 898.5578)
%, [ 34 893.5591]
3p°('S)83s 5 Yo [ 34 894.2785]
3p8('S)82d ’p Y 34 900.7707
% 34 900.7719
3p°('S)34s s Y, 34 901.4264
3p®('S)33d ’p % [ 34 907.3326)
% [ 34 907.3337]
3p%(’S)35s s Yy [ 34 907.9301]
3p°('S)34d p VA 34 913.3194
EA 34 913.3204
3p°('S)36s 5 Yo 34 913.8657
3p°(18)85d ’p % [ 84 918.7968]
% [ 34 918.7976)
3p°('S)317s %5 Yo [ 34 919.2976)
3p%('S)36d p VA 34 923.8203
% 34 923.8212
3p°('S)38s 5 Yy 34 924.2808
3p%('S)387d ‘D s [ 34 928.4396]
% [ 34 928.4403)
3p°(18)39s %5 Yo [ 34 928.8634]
3p°('S)388d ’p % 34 982.6961
% 34 932.6969
3p5('S)40s s % 34 933.0874
3p%(!8)39d o} % [ 34 936.6273)
i [ 34 936.6279)
3p8(!S)41s 5 Yo [ 84 936.9892]
3p%('S)40d p % 34 940.2653
A 34 940.2660
3p('8)42s s Yy 34 940.6009
3p%('s)41d ’p A [ 34 943.6386)
%, [ 34 943.6393)
3p°('S)43s 5 Yy [ 34 943.9500]




ATOMIC ENERGY LEVELS OF POTASSIUM THROUGH NICKEL

K 1:  Ordered by term values—Continued
Configuration Term J Level
(cm™)
3p°('s)42d D %y 34 946.7726
% [ 34 946.7730]
3p%18)44s S Yo 34 947.0620
3p°(18)43d ’p A [ 34 949.6886]
% [ 34 949.6892]
3p°('S)45s s A [ 34 949.9585]
3p%(1S)44d D %, [ 34 952.4071]
% { 34 952.4077]
3p°(’S)46s ) Yy 34 952.6589
3p%('S)45d D % [ 34 954.9453]
% [ 34 954.9458]
3p8('S)46d ’p A 34 957.3187
% [ 34 957.3193]
K ('Sy) Limit 35 009.8140
3p° 4s? 2pe %, 151 008
Y, 153 085
3p® 3d(°P°)4s ipe Yy 159 367
¥, 159 678
3p° 3d(*P°)ds 2pe A 162 404
A 163 006
3p° 3d(°D°)4s ‘De % 172 623
Yy 172 800
3p° 3d('D°)4s D A 173 043
3p° 3d(*D°)4s pe A 179 886
3p° 3d('P°)4s Zpe A 180 551
¥, 180 791
3p® 4s(®P°)5s ipe ¥, 180 850
Yy 181517
3p® 4s(°P°)5s 2pe % 182 152
3p° 3d (°P°)5s Zpe Yy 183 322
Y, 183 532
3p° 4s('P°)5s Zpe Yy 184 342
Yy 185153
3p° 4d(®D°)4s ‘De Yoo 185158
3p° 4d('D°)4s e EA 186 656
3p° 4d(°D*)4s pe A 187 806

17

(Continued)
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K 1: Ordered by term values—Continued
Configuration Term J Level
(cm™)
3p° 4d ('P)4s 2p- RA 188 565
3p° 4s(°P*)5d ‘pr A 189 900
3p° 4s(*P°)5d ’D° A 190 434
3p® 45(°P°)5d pe Yy 190 942
%, 192 251
3p°® 4s(*P°)5d D % 191 359
3p° 4s(°P°)5d ‘Fe A 191 641
3p° 4s('P°)6s Zp° Yoo 193 065
3p°® 4s(°P°)6d De A 193 122
3p° 4s(°P°)6d 2pe Yy 193 244
A 194 275
3p° 4s(*P°)5d Do % 198 749
3p® 4s('P°)5d 2pe Y, 193 948
¥, 194 068
3p% 4s(*P°)Ts 2pe A 196 319
3p°® 4s('P°)6d 2pe % 196 362
Y, 196 718
3p°® 4s('P°)6d pe % 196 826
3p° 4s('P°)7d 2pe A A 197 959
3p° 4s(*P°)8s
3p° 4s('P°)8d pe A 198 911
3p° 4s('P°)9s
3p° 4s(*P°)9d Zpe Vo 199 549
3p° 4s('P°)10s
3p°® 4s('P°)10d 2pe A A 199 980
3p° 4s('P°)11s
3p° 45('P°)11d Zpe Yoy 200 268
3p° 4s('P°)12s
3p® 4s('P*)12d 2pe Yoo 200 493
3p® 4s('P°)13s
3p°® 45('P*)13d Zpe A 200 658
3p° 4s('P°)14s
3p° 4s('P*)14d 2pe Yo¥s 200 780
3p° 4s('P*)15s
3p°® 4s(*P°)15d 2pe A 200 876
3p° 4s(’P°)16s




ATOMIC ENERGY LEVELS OF POTASSIUM THROUGH NICKEL 19

K 1: Ordered by term values—Continued

Configuration Term J Level g

(cm™)

3p° 4s(*P°)16d 2pe Yo.¥o 200 955

3p® 4s('P°)17s

3p° 4s('P°)17d zpe Yoo 201 017

3p° 4s('P°)18s

3p° 4s(*P°)18d Zpe A 201 074

3p° 4s(*P°)19s

3p° 4s('P°)19d Zpe A 201 124

3p® 4s('P°)20s

3p° 4s('P°)20d Zpe A 201 152

3p° 4s('P°)21s

Ku ('Py) Limit 201 471.3
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K 1:  Ordered by series

Configuration Term J Level g
(cm™")
3p5('S)4s 28 Yy 0.000 2.002295
3p%('S)5s 2s Y, 21 026.551
3p5('S)6s 28 A 27 450.7104
3p%('8)7s S A 30 274.2487 | 2.0020
3p8(18)8s g A 311765.3767 | 2.0028
3p5(1S)9s S A 32 648.3511
3p5('8)10s S Y, 33 214.2267
3p8('S)11s 8 Y, 33 598.5597
3p5(’8)12s 8 A 33 871.4788
3p5('8)13s s Yo 34 072.2393
3p°(18)14s s Y, 34 224.2113
3p%(!S)15s 8 Y, 34 342.0150
3p°(18)16s s v, 34 435.1762
3p°(18)17s s A 34 510.1190
3p%(18)18s ) Y, 34 571.3017
3p%(18)19s s Y 34 621.8976
3p5(18)20s ’s Yy 34 664.2161
3p8('s)21s s A 34 699.9692
3p°(18)22s 8 A 34 730.4476
3p°(18)23s s A 34 756.6407
3p5('S)24s S A 34 779.3147
3p5('S)25s s Y 34 799.0740
3p°(18)26s s Y 34 816.3971
3p°(18)27s 5 Y, 34 831.6690
3p8(1S)28s g Yy 34 845.2004
3p°(18)29s 8 Yo 34 857.2470
3p°(18)30s ’s Y 34 868.0180
3p8(18)31s s Yo [ 34 877.6871]
3p°(18)32s g Y, 34 886.3999
3p%(18)33s s A [ 34 894.2785]
3p°(*S)34s s Yo 34 901.4264
3p°(1S)35s S Y, [ 34 907.9301]
3p%(18)36s S Y, 34 913.8657
3p°(’8)317s s Y, [ 34 919.2976]
3p°(19)38s s A 34 924.2808
3p8(18)39s s A [ 34 928.8634]
3p®(1S)40s g Y, 34 933.0874
3p°(18)41s 8 A [ 34 836.9892]
3p°(18)42s S Yy 34 940.6009
3p°(18)43s s A [ 34 943.9500]
3p%(18)44s g Y, 34 947.0620
3p%(18)45s S A [ 34 949.9585]
3p°('8)46s ’s A 34 952.6589
K (18y) Limit 35 009.8140
3p°(1S)4p 2pe v, 12 985.170
EA 13 042.876
3p°(*8)5p 2p° Yy 24 701.382 0.665
Yy 24 720.139
3p°(1S)6p Zpe v, 28 999.27 0.6663
¥, 29 007.21 1.3337
3p°(18)Tp 2pe Yy 31 069.90 0.6659
¥, 31 074.40 1.3336
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ATOMIC ENERGY LEVELS OF POTASSIUM THROUGH NICKEL

K 11 Ordered by series—Continued
Configuration Term J Level g
(ecm™h)

3p°('S)8p 2pe A 32 227.44

A 22 230.11
3p5('S)9p pe Y, 32 940.2030

% 32 941.9262
3p°(’8)10p 2pe A 32 410.2306

% 33 411.3986
3p°(!S)11p 2pe Yo 33 736.4979

% 33 732.3284
3p°('8)12p 2pe A 33 972.2064

% 32 972.8148
3p%('S)13p pe Yy 34 148.0284

%, 24 148.4861
3p%('S)14p pe Yo 24 282.6573

% 34 283.0181
3p%('S)15p 2pe Yo 24 388.0815

%, 34 388.3148
3p°('S)16p pe Yy 24 472.0505

A 24 472.2798
3p°('$)17p 2pe Ya 24 540.1250

%, 34 540.3088
3p°(1S)18p 2pe Yo 34 596.0448

A 24 596.1996
3p°(!S)19p pe %, 24 642.6698
3p%(18)20p pe % 24 681.7220
3p5('S)21p 2pe %, 24 714.8646
K1 ('S Limit| 35 009.8140
3p°(!S)3d D % 21 534.680

% 21 536.988
3p°(’S)4d ’D % 27 897.077

% 27 398.147
3p%(!S)5d p VA 30 185.2439 | 1.2004

% 30 185.7476 | 0.7997
3p°(!S)6d D % 31 695.9005 | 1.2013

% 31 696.1661 | 0.7999
3p%('S)7d D % 32 598.2881

¥ 32 598.4437
3p°('S)8d D VA 33 178.1339

%, 33 178.2324
3p°(’8)9d D A 33 572.0592

A 33 572.1249

21

(Continued)
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K 1: Ordered by series—Continued
Configuration Term J Level
(em™h
3p8('S)10d ) A 33 851.5956
%, 33 851.6418
3p%(18)11d p VA 34 057.0051
¥, 34 057.0385
3p8(’s)12d 2p A 34 212.3139
%, 34 212.3393
3p°(18)13d 2p A 34 332.5627
A 34 332.5823
3p5(’S)14d 2p %, 34 427.5513
A 34 4217.5667
3p%(’S)15d p A 34 503.8844
%, 34 503.8967
3p°(18)16d D %, 34 566.1420
¥, 34 566.1522
3p°(’8)17d D A 34 617.5815
A 34 617.5899
3p8(*s)18d D A 34 660.5702
A 34 660.5772
3p8(*8)19d 2p A 34 696.8629
A 34 696.8689
3p8(18)20d D % 34 721.7798
% 34 727.7849
3p°(18)21d p A 34 754.3327
FA 34 754.3371
3p®(18)22d p A 34 777.3058
% 34 771.3096
3p°(1S)23d D VA 34 797.3141
¥, 34 797.3174
3p°(18)24d D A 34 814.8472
P 34 814.8502
3p5('S)25d D %, 34 830.2969
% 34 830.2994
3p%(1S)26d p A 34 843.9804
%, 34 843.9827
3p%(18)27d p % 34 856.1570
%, 34 856.1590
3p%(*S)28d D % 34 867.0404
% 34 867.0423
3p%(18)29d D A [ 34 876.8070]
% [ 34 876.8087]
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ATOMIC ENERGY LEVELS OF POTASSIUM THROUGH NICKEL

K 1: Ordered by series—Continued
Configuration Term J Level
(cm™)
3p°(18)30d D A 34 885.6048
A 34 885.6062
3p°(1S)31d ’D % [ 34 893.5578]
A [ 34 893.5591]
3p%(18)32d p % 34 900.7707
A 34 900.7719
3p%(18)33d 2p % [ 34 907.3326]
% [ 34 907.3337]
3p°(1S)34d ’p A 34 913.3194
y 2 34 913.3204
3p%(18)35d p A [ 34 918.7968]
Y [ 34 918.7976]
3p°('S)36d D A 34 923.8203
%, 34 923.8212
3p('s)37d D A [ 34 928.4396]
A [ 34 928.4403]
3p%(18)384 p % 34 932.6961
A 34 932.6969
3p°%(18)39d D A [ 34 936.6273]
¥, [ 34 936.6279]
3p8('S)40d D A 34 940.2653
% 34 940.2660
3p8(18)41d D A [ 34 943.6386]
% [ 34 943.6393]
3p%(18)42d p % 34 946.7726
A [ 34 946.7730]
3p5(18)43d D % [ 34 949.6886]
% [ 34 949.6892]
3p8(1S)44d D % 34 952.4071
% [ 34 952.4077]
3p%(18)45d p A [ 34 954.9453]
A [ 34 954.9458]
3p5('S)46d ’p A 34 957.3187
%, [ 34 957.3193]
K ('Sy) Limit 35 009.8140
3p*(18)4f 2 A 28 127.85
3p°(18)5f 2 oo 30 606.73
3p°(18)6f Zpe os s 31 953.17
3p°(18)7f 2pe A 32 764.80
3p°(18)8f pe XA 38 291.40
3p°(18)9f 2pe A 23 652.32

23

(Continued)

J. Phys. Chem. Ref. Data, Vol. 14, Suppl. 2, 1985



24 J. SUGAR AND C. CORLISS

K 1: Ordered by series—Continued

Configuration Term J Level
(cm™"
3p*(18)10f 2F- A 33 910.42
3p°(18)11f 2 A 24 101.36
3p°(18)12f 2pe Vs Vo 24 246.37
3p5('8)13f 2pe Yonta 34 859.36
3p°(!S) 147 2ge or Vo 34 448.98
K1 (!Sp) Limit 35 009.8140
3p°(18)5¢ el A 30 617.31
3p° 4s* Zp° A 151 008
Yy 158 085
3p% 3d(3P°)4s 1pe Y, 159 367
A 159 678
3p° 3d(°P°)4s 2pe Y, 162 404
% 163 006
3p° 8d(*°D°)ds ‘De A 172 623
Y 172 800
3p° 3d('D°)4s pe % 173 043
3p° 3d(*D°)ds ’pe A 179 886
3p° 3d('P°)4s 2pe Yy 180 551
% 180 791
3p° 45 (°P°)5s p % 180 850
Y, 181517
3p° 4s(®P°)5s tp° % 182 152
3p° 3d(°P°)5s 2pe Y, 188 822
% 183 532
3p° 4s(*P°)5s 2pe % 184 342
Yy 185 158
3p° 4s('P*)6s 2pe Yoy 193 065
3p° 4s('P°)Ts p- A A 196 819
3p° 4s('P°)8s Zpe Yo%, 197 959
3p° 4s('P°)9s 2pe A 198 911
3p° 4s('P*)10s 2pe A 199 549
3p° 4s('P°)11s Zpe A 199 980
3p° 4s('P°)12s 2pe Yoo 200 268
3p° 45('P°)13s Zpe A 200 498
3p° 4s('P°)14s 2pe A 200 658
3p° 4s('P°)15s Zpe Vo 200 780
3p° 4s('P°)16s 2pe Yo,y 200 876
3p° 4s('P°)17Ts 2pe A 200 955
3p° 45('P°)18s 2pe A 201 017
3p® 4s('P°)19s 2pe A 201 074
3p° 45('P°)20s 2pe Yoo, 201 124
3p° 4s('P°)21s 2pe A 201 152
Ku ('P3) Limit 201 471.3
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K 1: Ordered by series—Continued

Configuration Term J Levell g
(cm™)
3p° 4d(°D°)4s ‘De Yo Ts 185 153
3p° 4d('D°)4s ’De %, 186 656
3p° 4d(°D°)ds D % 187 806
3p° 4d('P°)4s pe A 188 565
3p° 4s(*P°)5d ‘pe % 189 900
3p® 4s(°P°)5d pe %, 190 434
3p°® 4s(°P°)5d 2pe Yy 190 942
% 192 251
3p° 4s(®P°)5d ‘D A 191 359
3p® 4s(°P°)5d ‘pe A 191 641
3p° 4s(°P°)6d D A 193122
3p° 4s(°P*)6d 2pe Y, 193 244
% 194 275
3p° 4s('P°)5d pe %, 198 749
3p° 4s('P°)5d 2pe Yo 193 948
% 194 068
3p° 4s('P°)6d Zpe % 196 362
A 196 718
3p® 4s('P°)6d D A 196 826
3p° 4s(*P°)7d Zpe Yo 197 959
3p° 4s('P°)8d 2pe A 198 911
3p° 4s('P*)9d Zpe Yo Ty 199 549
3p° 4s('P°)10d 2pe Yoo 199 980
3p° 4s('P°)11d 2pe Yo 200 268
3p° 4s('P°)12d 2pe Yo, 200 493
3p° 4s('P°)13d 2pe A 200 658
3p° 4s('P°)14d Zpe VoS 200 780
3p° 4s(*P°)15d Zpe YorTo 200 876
3p° 4s('P°)16d Zpe A 200 955
3p° 4s('P°)17d Zpe A 201 017
3p° 4s('P°)18d Zpe A 201 07}
3p° 4s('P°)19d Zpe A 201 124
3p° 4s('P°)20d 2pe Yoy 201 152
Ko ('P}) Limit 201 471.3
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Z=19

Cl 1 isoelectronic sequence

Ground state: 15225%2p%3523p°2P3,,

Km

Ionization energy = 369 450+ 100 cm™' (45.806+0.010 eV)

The initial work on the analysis of this spectrum was by
Bowen (1928), who found the ground term splitting as
well as the 3s3p®?S and 3p*(*P)4s *P terms. The ground
term interval given here is from Smitt, Svensson, and
Outred (1976), with an uncertainty of +0.7 cm~".

The analysis was extended by de Bruin (1929), who
observed the 3p*4s —3p*4p transition array between 2500
and 3500 A, and by Ram (1933) who found levels of the
3p*3d, 4s, and 5s configurations.

Edlén (1937) extended the analysis of 3p*4s and estab-
lished the position of the *P term. Tsien (1939) changed
some of Ram’s assignments and found two new levels in
3p*3d. Finally 3p*(’P)3d ’P and D were established by
Svensson and Ekberg (1968).

With the exception of the measurements of Bowen and
of de Bruin, the levels below are based on the obser-
vations of Ekefors (1931).

The ionization energy was derived by Catalan and
Rico (1958) from a treatment of data in the complete iron
period.
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| @i
Configuration Term J Level Configuration Term J Levell
(cm™") (cm™)
3s® 3p° Zpe % 0.0 3s* 3p*('D)3d ’p % 241 042
A 2166.1 Y, 242 549
3s3p® 5 A 130 610 3s® 3p*(18)4s s Y, 241 667
3s% 8p*(°P)3d p A 183 878 3s* 3p*(*P)4p pe % 248 120.6
% 185 276 A 23 448.2
35’ 3p*(*P)3d p % 190 917 3s?3p'(°P)4p 2pe % 248 9474
%, 192 082 Yo 245 382.8
3s” 3p*(*P)3d ’F % 201 165 3s*3p*('D)3d p A 244 523
%, 246 010
3s% 8p* (°P)4s ‘p % 207 421.9
% 208 687.8 3s?3p*(°P)4p ‘s A 246 625.6
Y, 209 461.3
3s? 3p*('D)3d s Y, 250 858
3s? 3p* (°P)ds zp %, 212 725.4
A 214 232.3 3s? 3p*(°P)5s p % 262 828
A 263 770
3s? 3p?('D)ds D VA 225 051
A 225 084 3s? 3p*('D)5s D VA 289 400
%, 289 519
3s? 3p*(*P)4p pe % 237 512.0
% 237 912.2 3s* 3p*('S)3d D %y 302 404
A 238 455.1 %, 303 902
352 3p* (°P) 4p e %, 240 829.9 K1v (°Py) Limit 369 450
% 241 443.5
A 242 165.3
Yy 242 526.7
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ATOMIC ENERGY LEVELS OF POTASSIUM THROUGH NICKEL 29

Kiv

Z=19

S 1 isoelectronic sequence

Ground state: 15725%2p¢35?3p*°P,

Ionization energy = 491 300400 cm ' (60.91+0.05 eV)

The analysis was initiated by Hopfield and Dieke
(1926), who discovered the resonance triplet
(3s23p*—3s3p®). Smitt, Svensson and Outred (1976) re-
measured this array and extended the analysis to include
the present levels. Ram (1933), using the line-list of
Ekefors (1931), reported the levels of 3p*3d and 4s. His
configuration assignments to 3d and 4s were interchanged
by Bowen (1934), who also added seven new levels, in-
cluding the °S° of 3p’5s. Svensson and Ekberg (1968)
confirmed the work of Bowen except for the substitution
of a new level for 3p*(*D°)3d 'P; and added 3p* parent
state identifications to the designations. Tsien (1939), also
working from the line-list of Ekefors, reported the
3p°(*S°)3d *D° and 3p’(*D°)3d °P° terms.

The ionization energy was determined by Edlén (1937).
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Kiv
Configuration Term J Level Configuration Term J Level
(em™) (cm™})
3s” 3p* p 2 0.0 3s® 3p°(?P*)3d 3pe 3 261 623
1 1671.4 2 262 829
0 2321.2 1 263 658
3s” 3p* D 2 16 384.1 3s% 3p°(?P*)3d D 2 278 398
3s” 3p 'S 0 38 546.3 352 3p°(2D° ) s P 1 277 792
2 277 850
3s3p° 5p° 2 134 181.8 3 277 986
1 135 658.8
0 136 453.0 3s? 3p3(?P°)3d Ipe 3 279 627
3s3p’ 'pr 1 171139.5 352 3p°(2D° ) 4s pe 2 282 971
3s* 3p’(S°)3d Spe 3 189 952 352 3p3(2P°) 45 Spe 0 293 382
2 191 208 1 293 471
1 191 400 2 293 720
3s°3p°(°D")3d 'D° 2 216 387 32 3p3(2P°)4s pr 1 298 132
35 3p°(*D")3d spe 2 295 445 352 3p(2P*)3d lpe 1 298 898
1 226 082
0 227 650 352 3p3(48°) bs 3ge 1 367 888
3s*3p°(*D")3d 'F° 3 242 475 KV ('S5 Limit 491 300
3s® 3p°(?D°)3d 8se 1 249 867
3s% 3p*(°P°)3d spe 2 256 032
1 257 122
0 257 809
352 3p*(*D*)3d pe 1 260 910
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Kv

Z=19
P 1 isoelectronic sequence

Ground state: 1522572p%3523p**S3,,

Ionization energy = 666 7001300 cm ™' (82.66+0.16 eV)

The analysis was begun by Ram (1933) with the classi-
fication of the 3s?3p®—3s3p* array from the mea-
surements of Ekefors. Bowen (1934) supplemented these
measurements and found many more terms of this spec-
trum, including the 2P° and ’D° of 3s23p’, the P of 3s3p*,
and levels of 3s5*3p?3d and 3s’3p4s. Tsien (1939) found
the S and 2D of 3s3p*.

Bowen’s (1955) measurements of nebular spectra pro-
vided him with the forbidden transition *S°—2D° of
3s?3p>. This is the only observed connection between the
doublets and quartets.

Using new laboratory measurements, Smitt, Svensson,
and Outred (1976) have redetermined the level values for
the 3s?3p’ and 3s3p* configurations with an uncertainty of
about +2 cm~'. We have combined these values with
identifications given by Tsien (1939) and by Ekberg and
Svensson (1970) of lines measured by Ekefors (1931), to

derive new level values for the 3p?3d and 4s config-
urations. The uncertainty of these upper levels is about
+10 cm~'. The 3p*(’P)3d °F and ’D terms of Tsien are
rejected, as suggested by Martin (1959).

The ionization energy is from an extrapolation by Lotz
(1967).
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Kv
Configuration Term J Level Configuration Term J Level
(cm™") (cm™)
3s? 3p° 1S° % 0.0 3s* 3p?(*P)3d ’p Y 259 218
Y, 260 882
3s% 3p® pe % 24 012.5
A 24 249.6 3s? 3p*(‘D)3d D %o 280 585
% 281 035
3% 3p® 2pe Yo 39 758.1
A 40 080.2 3s? 3p*('D)3d 2p A 290 236
_ Y, 290 784
3s3p* P A 136 636.5
% 138 037.5 3% 3p*('D)3d R % 292 497
YA 138 804.1 /A 292 960
3s3p* D A 169 579.5 35 3p*('D)3d 23 A 292 987
A 169 705.8
3s? 3p%(18)3d D A 303 850
3s3p* ’p A 194 805.1 A 304 476
Yy 196 331.2
3s? 3p%(°P)4s ‘p Yy 336 628
3s3p* 3 A 205 799.9 A 337 645
A 339 172
3s% 3p*(’P)3d F % 206 720
A 207 165 352 3p°(3P)ds 2p Yo 343 740
% 345 540
3s% 3p*(°P)3d i VA 222 366
A 222 711 3s? 3p2('D)4s D % 357 012
% 357 050
3s? 3p%(°P)3d P % 257 865
% 259 276 3s? 3p2(1S)4s s Yy 380 994
Y, 259 726
K v1 (*P,) Limit 666 700
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ATOMIC ENERGY LEVELS OF POTASSIUM THROUGH NICKEL 31

K wvi

Z=19

Si 1 isoelectronic sequence

Ground state: 1s%25%2p®3523p?°P,

Tonization energy = 802 0001600 cm™' (99.40.2 V)

The early analysis is by Ram (1933) and Whitford
(1934), who found most of the triplets, and by Robinson
(1937), who found two singlets. Each used the mea-
surements by Ekefors (1931).

The present level values for 3s?3p? and 3s3p° are taken
from Smitt, Svensson, and Outred (1976), who report a
level uncertainty of =2 cm™". The values for the 3p3d
and 3pds configurations are derived from the mea-
surements of Ekberg and Svensson (1970), between 374
and 726 A. They have obtained the value for the ioniz-
ation energy quoted here by extrapolation.
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Ekberg, J. O., and Svensson, L. A. (1970), Phys. Scr. 2, 283.

Ekefors, E. (1931), Z. Phys. 71, 53.

Ram, M. (1933), Indian J. Phys. 8, 151.

Robinson, H. A. (1937), Phys. Rev. 52, 724.

Smitt, R., Svensson, L. A., and Outred, M. (1976), Phys. Scr. 13, 293.
Whitford, A. E. (1934), Phys. Rev. 46, 793.

K vi
Configuration Term J Level Configuration Term J Lev_ell
(cm™) (cm™)
3s? 3p? p 0 0.0 3s* 8p3d pe 2 252 327
1 11334 1 253 503
2 29212 0 254 037
3s? 3p* 'D 2 18 977.8 3s? 3p3d ’D° 1 260 069
2 260 503
3s? 3p* 'S 0 43 358.8 3 260 786
3s3p® ’D° 1 140 741.3 3s% 3p3d Ipe 3 285 687
2 140 795.4
3 140 995.7 3s® 3p3d Ipe 1 298723
3s3p° 3pe 0 163 421.3 3s? 3pds ’pe 0 387 423
1 163 435.0 1 388 116
2 163 438 2 390 496
3s3p° 'D° 2 178 872.9 3s? 3pds p 1 394 420
3s3p® s 1 218 817.3 K v (%P;,5) Limit 802 000
3s3p°® 'p 1 223 840.1
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K vi

Z=19
Al 1 isoelectronic sequence

Ground state: 15?25%2p©35s23p 2P,

Ionization energy = 948 2004900 cm™' (117.56+0.10 eV)

Using the wavelength measurements of Ekefors (1931),
Whitford (1934) established the first known levels of the
3s*3p, 3s3p?, 3p? 3s%s, and 3s3p4s configurations. He
found both doublet and quartet terms but no connection
between them. The work was carried forward by Phillips
(1939), who added levels of the configurations 3s23d,
3s%4d, and 3s3p3d in both systems.

With new measurements between 397 and 673 A,
Ekberg and Svensson (1970) redetermined the energy
levels and added the 3s3p3d *P° term as well as the
3s’nf(n =4,5), 3s’nd(n=5,6), and 3s’ns(n=5,6) series
members. Somewhat improved wavelength values for the
transition array 3s’3p —3s3p® were given by Smitt,
Svensson, and Outred (1976). No connection has been
observed between the doublets and quartets.

The doublet terms of 3s23p and 3s3p? in this com-
pilation are from Smitt, Svensson, and Outred (1976). The
uncertainty of their measurements is =2 cm~'. The

remaining terms are derived from the measurements of
Ekberg and Svensson, which give a level uncertainty of
+6 cm™'. They have given an extrapolated value for the
position of the quartets.

The ionization energy was derived by Ekberg and
Svensson from the nf ’F° series. They estimated the error
to be less than 1000 cm™'.
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K v
Configuration Term J Level Configuration Term J Lev_ell
(cm™") (em™Y)
3s% 3p 2p- Y 0.0 3s% 4s 3 Y, 439 322
%, 3134.0
3s3pds ipe A 565 985 +x
3s3p? p Y, 114 650 +x A 567 062 +x
¥, 115 786 +x %, 569 034 +x
% 117 523 +x
3s% 4d D A 570 738
3s3p* D A 151 883.9 A 570 922
A 152 051.7
3s% 4f Zpe % 608 532
3s3p* ] Yy 193 084.5 YA 608 536
3s3p? Zp A 206 502.9 3s” 5s ] A 654 074
% 208 432.5
3s% 5d ’p % 716 949
3s? 3d D %, 250 663 A 716 986
Yy 250 781
3s? 5f 2pe A 732 500
8 8 ¥ 207 777 +x
i : 3s? s 3 A 754 539
3s3p3d pe % 962 492+x
P 3/: 363 321 +x 3s% 6d D A 789 578
A 789 600
3s3p3d ‘D Yy 265 688+x
A 366 101 +x
VA 366 409+x K vir (S) Limit 948 200
I, 266 556+ x
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K viii

Z=19
Mg 1 isoelectronic sequence

Ground state: 15?2522p®352!S,

Ionization energy = 1249 200+400 cm™' (154.88+0.05 eV)

The principal analysis is by Ekberg (1971), who lists 71
classified lines in the range of 91-927 A. The wavelengths
are from unpublished measurements of Bodén and from
spectrograms taken earlier by Edlén. The resulting level
uncertainty appears to be about =40 cm~'. Several of the
classifications were made by earlier investigators. Faw-
cett (1970) classified 10 additional lines that provide the
levels of the 3p3d configuration and the 'D of 3p% No
experimental intersystem connection has been found; for
the level 3s3p°P; we use the value obtained by
Finkenthal, Hinnov, Cohen, and Suckewer (1982) by in-
terpolation. We estimate an uncertainty of =200 cm™! for
this value.

The ionization energy calculated from the first three
members of the 3snf °F° series (n =4,5, and 6) by Ekberg
has been corrrected for the new estimate of the inter-
system interval.
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K viin
Configuration Term J Level Configuration Term J Levell
(cm™1) (cm™)
3s? IS 0 0 3s4s S 1 631 861 +x
3s3p Spe 0 128 187 +x 3sds 's 0 644 451
1 129 299+x
2 131 672+x 3s4p pe 1 695 876
3s3p Ip- 1 192 537 3s4d D 1 770 440+ x
2 770 496 +x
3p* p 2 300 387 3 770 646 4-x
3p° p 0 304 890 +x 3sdd 'D 2 773 844
1 306 249 +x
2 308 826 +x 3pds 3pe 0 794 907+ x
1 795 814 +x
3p* 'S 0 357 660 2 798 587 +x
353d D | 1 368197 +x || %4 T2 801 750+x
2 368 276 +x e
3 368 407+ % 3sdf F 3 809 388
1 3pdp D 1 849 542+ x
3s3d D 2 419 100 5 850 5641 1
3p3d 3pe 2 508 877 +x 3 853 001 +x
3 505 277 +x .
3pdp P 0 856 054 +x
4 507 077 +x ; 556 894+«
3p3d 1p° 2 510 990 2 858 616+x
3
3p3d 3Po 2 5395 41 7+x 3p4p S 1 859 360+x
3
3p3d 3Do 9 538 637 +x 3s5s S 1 885 149+x
3 539 85T+x | gne 15 0 893 057
3p3d 'p 1 553 620 (Continued)
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K vin—Continued
Configuration Term J Level Configuration Term J Levell
(cm™h (cm™)
3s5p Ipe 1 912 975 3s6p p 1 1022 558
3s5d D 2 947 117 3s6d D 1 1043 075+x
2 1043 108 +x
3s5d 3p 3 948 579 +x 3 1043 166 +x
2 948 608 +x A
1 948 639+x 3s6f Spe 2-4 1051 544+x
3s5f 3pe 2-4 963 880+ x 3sTp pe 1 1097 914
3s5f e 3 966 616 3s7d D 1-3 1099 352+x
3s6s s 1 1007 561+x 3s7f ’pe 2-4 1104 323+x
Kix (°S,,,) Limit 1 249 200
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K 1x

Z=19

Na 1 isoelectronic sequence

Ground state: 15%25%2p%3s %S, ,,

Ionization energy: 1418 063420 cm™' (175.8188+0.0030 eV)

The early work on this spectrum has been revised and The value for the ionization energy was derived by
considerably extended on the basis of new measurements  Edlén (1978) from core polarization theory applied to the
in the range of 75-640 A by Edlén and Bodén (1976). nf series.

They state that the experimental uncertainty of their

wavelengths is +0.005 A. We have rounded off their References

values for the energy levels accordingly. They also give
calculated level values and intervals which are probably
more accurate than the observed values for series mem-
bers above n =5.

The 8f, 9d, and 10d terms are from Cohen and Behring

Cohen, L., and Behring, W. E. (1976), J. Opt. Soc. Am. 66, 899.
Edlién, B., and Bodén, E. (1976), Phys. Scr. 14, 31.
Edlén, B. (1978), Phys. Scr. 17, 565.

(1976).
K 1x
Configuration Term J Level Configuration Term J Level
(cm™Y) (cm™1)
2p%(18)8s 5 Y, 0 2p5('S)6d D % 1163 250
/A 1163 810
205('S)3p Zpe Y, 157 152
% 160 913 2p8(1S)6f 2pe % 11720430
/A 1170440
2p°(1S)3d D % 374 867
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