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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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ATOMIC ENERGY LEVELS OF POTASSIUM THROUGH NICKEL 11

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
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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
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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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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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ATOMIC ENERGY LEVELS OF POTASSIUM THROUGH NICKEL 35

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
A 375 122 2p°(18)7s s A 1209 140
20°(1S)4s 23 Y, 698 893 208(18)p 2pe A 1218 980
2p°('S)4p 2pe Y, 758 262 2p8('S)7d D % 1231 620
% | 759685 A 1 231 640
2p°(18)4d ’D i 836 869 20°(18)7f Zpe s 1236130
A 837 003 A 1236 160
2p8(18)4f 2pe % 860 849 2p°('S)8p pe A 1267 390
YA 860 889
2p°('S)8d D %, 1275770
2p°(18)5s 8 Yy 982 977 A 12751780
2p%(1S)5p 2pe Yy 1011520 2p8(18)8f 2pe YA 1278 860
A 1012210
2p°(1S)9p 2pe Yo% 1300120
2p°('S)5d ’p A 1 049 050
A 1049 130 2p°(1S)9d D A 1 305 730
% 1805 800
20°(18)5f 2pe A 1061 400
/A 1061410 2p°(1S)9f 2pe A 1 508 000
20°(1S)6s s A 1126 510 2p5(’S)10d D %, 1327 340
2p%('S)6p Zpe Yy 1142410 K x (1Sp) Limit 1418 063
A 1142750
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Z=19
Ne 1 isoelectronic sequence

Ground state: 15225s22p°'S,

Ionization energy = 4 063 000+5000 cm™' (503.8+0.6 eV)

Only resonance lines between 29 and 42 A are classified
in this rare-gas-type system of energy levels by Edlén and
Tyrén (1936), who identified 11 transitions from upper
J =1 levels to the 'S, ground state.

Fawcett, Bromage, and Hayes (1979) give transition
arrays for 2p°3d —4f, 2p*3p —4d, and 2p*3s —4p, but they
are not connected with the known system of levels.

We derived the ionization energy from the 25*2p°nd
’Dj series for n =3 and 4, with the change in quantum

K x

defect, n*(3d)—n*(4d), taken from Ti xi. The value
obtained by Lotz (1967) by extrapolation is in agreement
with this result.
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K x
Configuration Term J (%Iel:lv_ell) Configuration Term J (I(_:,;v_ell)

25 2p° 's 0 0 2s2p° 3p Spe 1 8219 400
2s% 2p° 3s pe 1 2 407 260 2s% 2p° 4s lpe 1 3 232 400
2s? 2p° 8s pe 1 2430 250 2s2p° 3p pe 1 2237 600
2s% 2p° 3d Spe 1 2 760 200 25 2p° 4d p° 1 2 356 400
25 2p° 8d De 1 2 794 900 2s? 2p° 4d p 1 2879 700
2s? 2p° 3d lpe 1 2 832 300 K x1 (°P5) Limit 4 063 000
2s% 2p° 4s spe 1 8 205 100
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ATOMIC ENERGY LEVELS OF POTASSIUM THROUGH NICKEL 37
K xi

Z=19

F 1 isoelectronic sequence

Ground state: 152252p°2P5,,

Ionization energy = 4 5550009000 cm™' (564.7+1.0 eV)

The first work on this spectrum was by Edlén and The ionization energy was obtained by extrapolation
Tyrén (1936), who classified 8 lines of the 2s2p°—2s?2p* by Lotz (1967).
3s and 3d transition arrays between 27 and 33 A. This
work was extended by Feldman, Doschek, Cowan, and References
Colzen (1973), from whose wavelengths, between 31 and
39 A, the 3s and 3d levels are determined. Fawcett,
Burgess, and Peacock (1967) identified the 2522p5—252p6 Fa;(l)iet;,IB.g‘%, Burgess, D. D., and Peacock, N. J. (1967), Proc. Phys.
resonance doublet at ~ 155 A. The ?P° ground state split-  Feldman, U., Doschek, G. A., Cowan, R. D., and Cohen, L. (1973), J.
ting was redetermined from new measurements of this Opt. Soc. Am. 63, 1445.
doublet by Kaufman, Sugar’ and Cooper (1982) with an Kaufman, V., Sugar, J., and Cooper, D. (1982), Phys. Scr. 25, 623.
uncertainty of =20 cm™". Lotz, W. J. (1967), J. Opt. Soc. Am. 57, 873.

The 252p®3s *P° term is from Feldman et al. (1973).

Edlén, B, and Tyrén, F. (1936), Z. Phys. 101, 206.

K x1
Configuration Term J Level Configuration Term J Level
(cm™1) {cm™Y)

2s* 2p° P % 0 25" 2p*(°P)3d 2p A 3 027 800
Yy 23 530

2s” 2p"(°P)3d 2 % 3034 300
2s2p° s A 655 901

2s% 2p*(°P)3d D % 3 034 400

25 2p*(°P)3s p 5, 2 640 500 % 3 048 000
A 2 653 000

A 2 662 600 2s* 2p*('D)3d s A 3 094 300

2s% 2p*(®P)3s p A 2 671 500 2s® 2p*('D)3d R A 3098 100
A 2 685 600

25 2p*('D)3d D A 3 107 700

2s? 2p*('D)3s p % 2727 800 % 3 115 400
A 2728 500

2s® 2p*('D)3d p A 3 107 900
2% 2p%(18)3s 3 Yy 2 811 800

2s? 2p*(18)3d ’p %, 3176 300

25° 2p*(°P)3d p Yo 3 018 000 % 3179 100
% 3 022 300

A 3029 200 252p°(°P°)3s Zpe Yy 2 265 800

Yy 2 279 800
252 2p*(*P)3d °F %y 3 020 500

K x1u (°P,) Limit 4 555 000
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K xn

Z=19
O 1 isoelectronic sequence

Ground state: 15*252p* °P,

Ionization energy = 5077 00010 000 cm~' (629.4+1.2 eV)

The allowed lines of the transition array 2s?2p*—2s2p°
were identified by Deutschman and House (1967), except
for 'Sy—'P;. Fawcett, Galanti, and Peacock (1974) re-
ported the observation of 2s2p° 'P, —2p® 'S,. These transi-
tion arrays were remeasured by Kaufman, Sugar, and
Cooper (1982) who found several intersystem lines and
reduced the energy level uncertainty to +50 cm~' for
term positions and =20 cm ™! for fine structure. The spec-
tral lines fall in the range of 126-202 A. Kaufman and
Sugar (1982) provided percentage compositions for these
levels. Their calculation included configuration inter-
action between 2522p* and 2p°.

The 2p*3s levels were determined from the obser-
vations at 34 A by Doschek, Feldman, and Cohen (1973).
The 2p°3d levels are due to Fawcett and Hayes (1975).
Some revisions of the 2p*3d classifications were given by

Bromage and Fawcett (1977) on the basis of new calcu-
lations.

The ionization energy was obtained by Lotz (1967) by
extrapolation.
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K xn
Configuration Term J Level Leading percentages
(cm™)
25 2p* p 2 0 98 2 p
1 18 954 100
0 23 207 97 3 s
2¢? 2p* Ip 2 79 654 98 2 ip
2s% 2p° IS 0 163 019 94 3 p
2s2p° Spe 2 578 363 100
1 589 176 100
0 598 382 100
2s2p° lpe 1 789 574 100
2p8 Is 0 1 336 760 97 3 2s%2p* 'S
25 2p%(%8°)3s ’S° 1 2 930 400
2s? 2p°(*D°)3s pr 1 2 004 100
2 2 005 200
3 2 008 700
2s? 2p°(*D*)3s Ipe 2 3 024 600
25?2 2p°(?P*)3s p 1 3 087 000
252 2p%(“S°)38d 3pe 2 2 265 700
3 2271 100
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ATOMIC ENERGY LEVELS OF POTASSIUM THROUGH NICKEL 39

K x11—Continued

Configuration Term J Level Leading percentages
(em™Y
252 2p°(*D°)3d pe 1 2 358 100
2 3 861 100
252 2p%(*D°)3d 3pe 2 3370 700
2% 2p°(?D°)8d pe 2 3 874 400
2s? 2p°(*D°)8d 5g° 1 2383 100
2s? 2p°(?D°)3d g 3 3 396 300
2s? 2p°(?P°)3d pe 2 2 405 200
1 2410 000
2s% 2p°(?P°)3d D 2 2 416 600
2s% 2p%(*P°)3d 3pe 1,2 2 427 000
3 2428 400
2s% 2p°(*P°)3d pe 3 3 442 700
252 2p°(?P°)3d Ipe 1 3474 100
K xmr1 (“S3,5) Limit 5077 000
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K xm

Z=19
N 1 isoelectronic sequence

Ground state: 15225%2p° %S5,

Ionization energy = 5764 00012000 cm™! (714.6 1.4 V)

The transition array 2s?2p*—2s2p* was first observed
by Fawcett, Burgess and Peacock (1967) and more com-
pletely by Boiko et al. (1970). Fawcett and Hayes (1975)
have reported the 2s52p*—2p° array. These lines were
remeasured by Kaufman, Sugar, and Cooper (1982) in the
range of 138-219 A with an improved accuracy of
+0.01 A. They have also provided the percentage com-
positions for these levels, which include mixing of 2s?2p®
and 2p°. An interpolated value for the
2522p* S35, —252p* ’P;, intersystem line is given by them,
establishing the doublet system position with an uncer-
tainty of =100 cm™' (denoted by x in the table).

The 2p*3d terms are from Fawcett and Hayes (1975),
who observed the spectrum at 28 A. They also reported
the 2s2p**D —2p° ?P° transitions. Some revisions of the
classifications involving 2p*3d were proposed by

Bromage and Fawcett (1977) on the basis of new calcu-
lations.

The ionization energy is from Lotz’s (1967) extrapo-
lation.
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K xi
Configuration Term J Level Leading percentages
(cm™")
2s% 2p° g % 0 99 1 pe
2s% 2p° ’pe ¥, 100 647 +x 91 8 pe
oA 105 805 +x 100
2s% 2p® 2pe Yy 160 248+-x 98 2 2p° ?p°
%, 168 177+x 89 9 2s%2p® D°
2s(%8)2p*(°P) ‘p % 480 524 100
% 496 266 100
Y, 503 717 9 1 25(®8)2p*(’S) %S
2s(%8)2p*('D) D %, 661 810+x 99 1 2:(28)2p*(°P) P
% 662 880+x 100
25(%8)2p*('S) s Yy 769 780 +x 91 9 25(%9)2p*(°P) %P
25(%8)2p"(*P) p % 801 500+x 99 1 25(%8)2p*('D) 2D
A 822 670+x 91 8 25(%8)2p*(*8) 8
2p° 2pe o 1256 460+x 98 2 2s%2p° 2p°
Yy 1281 760+x 98 2
25 2p°(*P)3d ’p ¥y 3 621 400 +x
2s% 2p°(°P)3d p VA 3 651 800
% 3 658 000
2s% 2p*(*P)3d 7 [ 3 656 900 +x
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K xn1—Continued

Configuration Term J Level Leading percentages

(cm™)

2% 2p%(°P)3d p VA 3694 000+x

2% 2p%('D)3d ’p % 3726 000 +x

2s? 2p*(*D)3d g /A 3 730 800 +x

% 3738 000+x

25 2p°('D)8d %p A 3748 000+ x
K x1iv (’Py) Limit 5 764 000
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K xiv

Z=19
C 1 isoelectronic sequence

Ground state: 15*25%2p* P,

Ionization energy = 6 345 000+13 000 cm™! (786.6+1.6 V)

Lines of the transition array 2s?2p*—2s2p° were identi-
fied by Boiko, Voinov, Gribkov, and Sklizkov (1970) in a
laser-produced plasma. A more extensive analysis of this
array was obtained by Fawcett and Hayes (1975) using a
similar light source. The latter group also reported transi-
tions between 25?2p* and 25?2p 3d. New measurements in
the range of 147-231 A with an uncertainty of +0.01 A
were reported by Sugar, Kaufman, and Cooper (1982).
They include the intersystem transition
25%2p* *P,—2s52p’ 'D3 and provide several new levels of
the 252p° and 2p* configurations. The energy levels and
percentage compositions of the 2s*2p? 2s2p° and 2p*
configurations are taken from their work. Their calcu-
lation includes interaction between 2s?2p?* and 2p*. Pre-
dicted positions for the 2s2p*°S5 and 2p*°P, levels in
brackets are quoted from Edlén (1984) and from Sugar et
al., respectively. The levels of 25%2p3d and 2s2p*3d are

from Fawcett and Hayes with some additions by
Bromage and Fawcett (1977). Their measurements are at
~25 A, and have a wavelength uncertainty of +0.01 A.

The ionization energy was obtained by Lotz (1967) by
extrapolation.
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K x1v
Configuration Term J (Levell) Leading percentages
cm”™
2?2 2p2 3P’ 0 0 97 2 2s22p2 ]S
1 13 235 99 1 2p* °p
2 28 225 95 4 25%2p* 'D
2s” 2p° 'D 2 95913 95 4 25%0p® °P
2s% 2p° 'S 0 178 914 93 5 2p*'S
25(28)2p° (1S) S 2 [ 250 640] 100
2 3 2poy 3pe
25(%8)2p* (D) De 2 458 754 9 3 2s(28)2p°(?P°) °P
P 1 459 498 97 3 2s(%8)2p°(*P°) *p°
3 461 002 100
25(%8)2p*(?P) 3pe 0 537 402 100
% 1 538 032 98 2 25(%8)2p%(*D°) *D*
2 539 938 96 3 25(28)2p%(*D°) °D°
2s(28)2p%(*D) p° 2 676 460 99 1 2s(28)2p°(*P°) °p°
25(%8)2p°(US) s 1 6727 710 97 3 2s5(%8)2p%(%P°) 'P°
25(?8)2p°(?P) Ipe 1 755 050 9 3 25(%8)2p°(“S) 38°
4 1
2pt ’p 2 1 030 090 96 3 2p*'D
’ 1 1 050 620 99 1 2{2{72 p
0 [1 056 200] 97 2 2p' 'S
2p* 'D 2 1108 800 9 3 °p
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K x1v—Continued

Configuration Term (Ic,;lv_ell) Leading percentages
2p* 's 1254 810 94 5 25%2p? 'S
25” 2p3d Spe 2871 700
2s% 2p3d D 2 901 000
8911 700
252 2p3d spe 2 919 300
2s% 2p3d e 2 955 600
25% 2p3d p 2 958 800
2s2p*(‘P)3d S 4190 100
K xv (*P)5) Limit 6 345 000
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K xv

Z=19
B 1 isoelectronic sequence

Ground state: 1s%25%2p *P3,;

Ionization energy = 6 945 000+14 000 cm~! (861.1+1.7 eV)

The arrays 2s2p —2s2p® and 2s2p*—2p* were classi-
fied by Fawcett and Hayes (1975). They were remeasured
by Sugar, Kaufman, and Cooper (1982) in the range of
166-240 A with an accuracy of +0.01 A. Some additions
to the analysis were made and a predicted value for the
252p* *Ps/; level was given with an estimated uncertainty
of =100 cm™". The 2s2p>—2p* array was also given by
Fawcett, Ridgeley, and Hatter (1980) with less accurate
measurements but contained the additional levels
252p**Dy,; and 2p® D5y, DSy, 'PY),. Percentage com-
positions for the levels of 2s2p? were provided by
Kaufman and Sugar (1982).

The configurations 25%3d, 2s2p 3p, and 2s2p 3d are from
Fawcett and Hayes from measurements at 23-25 A. They
estimate the wavelength uncertainty to be +0.01 A.

The ionization energy is from the extrapolation of Lotz
(1967).
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K xv
Configuration Term J (Levell) Leading percentages
cm™
232 2p 2Pe 1/2 0
EA 28 990
2s2p* ‘p A 248 320+x 100
% 259 630 +x 100
% 274 200 +x 99 1 D
2s2p° D EA 443 960 99 1 p
% 445 510 99 1 ‘p
2s2p° s Y, 552 860 75 25 p
2s2p* ’p Yy 588 260 75 25 5
% 599 080 99 1 p
2p® 15 % 775 280
2p° 2pe % 874 390
%, 877 400
2p° Zpe A 929 270
A 985 690
2s* 3d D A 4 132 000
% 4 140 000
2s2p(°P*)3p Zp Yy 4 239 000
%, 4 260 000
252p(°P°)3p ’D Yy 4 320 000
A 4 343 000
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K xv—Continued

Configuration Term J (Levell Leading percentages
cm™)
2s2p(®P°)3d ‘De /A 4 406 000+x
252p(°P*)3d ipe A 4 418 000+x
2s2p('P°)3d pe % 4 636 000
K xvi1 ('Sy) Limit 6 945 000
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K xvi

Z=19

Be I isoelectronic sequence

Ground state: 15%25°'S,

Tonization energy = 7 810 000+ 16 000 cm ™' (9682 eV)

Fawecett and Hayes (1975) observed the resonance line
252'Sy—2s2p 'P} at 206.27 A and a group of transitions
between 21 and 24 A. They did not report any inter-
system combinations; we used the interpolated value for
the transition 2s2'Sy,—2s2p °P, by Edlén (1983) to locate
the triplet system relative to the ground level. The
2s2p —2p* array is given by Fawcett, Ridgeley, and
Hatter (1980). The higher-lying configurations were
found by Fawcett and Hayes.

The ionization energy was derived by Lotz (1967) by
extrapolation.
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K xvi
Configuration Term J Level Configuration Term J Level
(cm™") (cm™)
2s* s 0 0 2s3p pe 1 4 563 900
2s2p p 0 248 520+x 2s3d D 2 4636 000+x
1 252 520+x 3 4 636 900+x
2 274 090+x
2s3d p 2 4 679 000
2s2p lp- 1 484 800
2p3p D 3 4874 500 +x
2p° p 0 646 720+x
1 660 170+ x 2p3d D° 2 4 958 000+ x
2 676 480 +x 3 4 965 600+x
2p° p 2 742 650 +x 2p3d g 3 5016 300
2p° s 0 902 760 K xviL (38,,5) Limit 7 810 000
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K xvi

Z=19
Li 1 isoelectronic sequence

Ground state: 15225 %S,

Ionization energy = 8 344 2001000 cm ™' (1033.4+0.1 eV)

The 2p —3d transition was reported by Goldsmith,
Feldman, Oren, and Cohen (1972). The value of the
2p *P° term is from the 2s —2p transitions observed at
326.78 A and 365.63 A in a solar flare by Widing and
Purcell (1976). They note, however, that the intensity
ratio of the two lines is much too great. The wavelengths
agree within +0.01 A with proposed values by Edlén
(1983).

Boiko, Faenov, and Pikuz (1978) identified the 4p, 4d,
and 5d terms. The 3p *P° and 4f ’F° terms are from the
identifications of the 3d —4f and 3p —4d transitions by
Fawcett and Ridgeley (1981). The 15252p and 152p? lev-
els were obtained from lines classified by Aglitskii, Boiko,
Zakharov, Pikuz, and Faenov (1974) at 3.5 A. The 1s2s 3p
and 1s2s53d levels are from observations by Boiko, Pikuz,
Safronova, and Faenov (1978).

The ionization energy is from Edlén (1979).

References

Aglitskii, E. V., Boiko, V. A., Zakharov, S. M., Pikuz, S. A., and
Faenov, A. Y. (1974), Sov. J. Quant. Electron. 4, 500.

Boiko, V. A,, Faenov, A. Y., and Pikuz, S. A. (1978), J. Quant. Spec-
trosc. Radiat. Transfer 19, 11.

Boiko, V. A, Pikuz, S. A, Safronova, U. I, and Faenov, A. Y. (1978),
Mon. Not. R. Astron. Soc. 185, 789.

Edlén, B. (1979), Phys. Scr. 19, 255.

Edlén, B. (1983), Phys. Scr. 28, 51.

Fawcett, B. C., and Ridgeley, A. (1981), J. Phys. B14, 203.

Goldsmith, S., Feldman, U., Oren, L., and Cohen, L. (1972), Astrophys.
J. 174, 209.

Widing, K. G., and Purcell, J. D. (1976), Astrophys. J. 204, L151.

K xvi
Configuration Term J Level Configuration Term J Level
(cm™Y) (cm™Y
1s%('S)2s 3 Y, 0 K xvi ('S;) Limit 8 344 200
1s*('S)2p P 7 273 500 1s(%8)2s2p(*P*) ipe 27 871 000
A 306 020
15(%8)2s2p(°P°) Zpe Yo,y 28 079 000
1s%(!8)3p Zpe Yo 4778 700
% 4 793 600 1s(28)2p%(°P) ip 28 160 000
15°(’S)3d ) % 4 814 800 1s(%8)2s2p('P°) 2pe Yol 28 182 000
%y 4 818 000
1s(*8)2p*('D) 2p A 28 318 000
1s°(’8)4p ’p A 6 347 200 %, 28 321 000
15%(S)4d ) ¥, 6 361 000 1s(?8)2p*(°P) 2p Yo 28 384 000
% 6 367 700
15(%8)2p*('8) 25 Y, 28 511 000
188(!8)4f ’pe %y 6 361 400
/A 6 262 200 1s2s('S)3p 2pe 22 863 000
1s*(*S)5d D 1A 7 069 300 1s2s3d D % 32 910 000
% 7 073 800
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K xvii

Z=19
He 1 isoelectronic sequence

Ground state: 1s2'S,

Ionization energy = 37 188 2007000 cm ™' (4610.8+£0.9 eV)

Because of the excellent agreement of the calculated
energies of the 152/ levels by Safronova (1981) with the
few well-measured spectra in the He 1 sequence, we have
compiled her results for the n =2 levels and for the ioniza-
tion energy. Detailed comparisons are given in the Intro-
duction. Levels of the n =3-5 shells are from the calcu-
lated binding energies by Ermolaev and Jones (1974)
subtracted from Safronova’s value for the ls binding en-
ergy of the ground state. We have assumed an uncertainty
of 2 parts in 10* for the excited levels relative to the
ground state, and for the ionization energy. This is equal
to the random deviation of the measurements by Aglitskii
et al. (1974) from the calculations by Safronova (see In-
troduction). For differences between excited levels
where An =0, we assumed an uncertainty of 2 parts in 10°,

Corrected measurements (see Introduction) by
Aglitskii et al. place the 152p *PS level at 28 179 000 cm ™!
and the 1s2p 'P{ at 28 319000 cm~' with an estimated
uncertainty of 4000 cm~!. These values are 6000 cm ™'
higher than the values given by Safronova.

Percentage compositions are from Ermolaev and
Jones.
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K xvil
Configuration Term J Levell Leading percentages
(em™)
15 s 0 0
1s2s 33 1 [28 004 980]
1s2p Spe 0 | [28165880]
1 [28 172 670] 98 2 p
2 [28 200 800]
152s Is 0 [28 180 480]
1s2p lpe 1 [28 212 910] 98 2 ipe
153s 3s 1 {33 151 930]
1s3p Spe 0 [32 196 3201
1 [33 198 160] 9 3 lpe
2 [ 32 206 560]
1s3s s 0 [83 198 090]
1s3p lpe 1 (23 287 140] 97 3 Spe
1s4s s 1 [34 929 710]
1s4p 3pe 0 (34 948 120)
1 [84 948 890) 0 3 lp
2 [34 952 4401
1sds s 0 [34 948 420]
1s4p ipe 1 [ 84 964 9201 97 3 pe
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K xviii—Continued

Configuration Term Level Leading percentages
(cm™")

1sbs ) (85 747 360]

1s5p Sp (35 756 670]
(35 757 070] 97 3 pe
(85 758 880]

1s5s s [35 756 710]

1s5p pe (85 765 190] 97 3 pe

K x1x (%8,,5) Limit 37 188 200
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K xix

Z=19

H 1 isoelectronic sequence

Ground state: 1s 2S,,,

Ionization energy = 39 795 750+20 cm ™' (4934.084+0.013 eV)

No observations of this spectrum are reported. We give
calculated values by Mohr (1983) for the n =2 shell and
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level. Further details are given in the Introduction.
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K x1x
Configuration Term J Level Configuration Term J Level
(cm™Y) (cm Y
1s S Yy 0 4f Zpe % (37 318 135)
KA (37 219 131]
2p pe A {29 831 9851
% [29 880 266) 5p 2pe A (28 205 981]
% [38 209 069]
2 5 A [29 833 524]
5s 5 Yy [38 206 084]
3p 2pe A [85 372 804)
% [85 387 118] 5d ’p % [38 209 064]
A [38 210 086]
3s g Y, (85 373 275]
5F 2pe % [28 210 084)
3d D A [85 387 088] /A (38 210 593]
% [85 391 816]
5g G jA [38 210 593]
4p 2pe Ya [37 810 120] % [38 210 898)
% [87 316 154)
Limit 39 795 750
4s s Yy [37 310 320]
4d p % [87 316 144]
% [87 318 139]
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Cai

Z=20

Ground state: 15%2522p®3523p%4s?'S,

Ionization energy = 49 305.95+0.08 cm™' (6.11321:0.00002 eV)

Early History

The observation and analysis of the first spectrum of
calcium have played an important role in the devel-
opment of experimental methods and theoretical ideas in
the field of atomic spectra. Saunders (1920) summarized
the considerable early work on this spectrum which in-
cluded observations of the 4snp, 4pns, 4pnd, and 3dnf
series of triplets and singlets. The longest series was 4snp
'P} reaching n=11. Shortly thereafter Russell and
Saunders (1925), and independently Bohr (1923), recog-
nized the excitation of two electrons to form terms above
the ionization energy. In the same paper Russell and
Saunders proposed the now universally accepted desig-
nations for levels in LS-coupling. They also introduced
the concept for ordering level values from zero for the
level of highest binding energy. The paper reports an
extension of the analysis of Ca 1 which classified the re-
maining strong lines of this spectrum. The °P terms of 4p?,
3d?, and 3dnd (n=4-6) are given, the latter occurring
entirely above the principal ionization limit. For the con-
figuration 3d4p the terms °P°, ’D°, and °F° were found,
and for 3d5p the ’D° was observed above the limit.
Several undesignated levels are included whose inter-
pretation was provided by later workers. In a later paper
Russell (1927) identified the 4s5s *S, and 'S,, the 4p*'D,
and the 3d4d S, and ’D,.

Measurements of the Zeeman effect are due to Back
(1925), who observed the 3d4s —3d 4p transition array in
a field of 39 000 gauss (3.9 T) and derived the following
g-values for Ca I:

Config. Term J g
3d4s ‘D 1 0.502
2 1.162
3 1.328
'D 2 1.007
3d4p IFe 2 0.754
3 1.076
4 1.245
'D° 2 0.893

An additional term of the 3d* configuration, the °F, was
discovered by Humphreys (1951) from observations in
the infrared of the 3d4p —3d* F°—°F and ’D°—°F
multiplets.

Absorption measurements in the range of 1590-2400 A

by Garton and Codling (1965) produced 82 newly ob-
served lines of calcium. Their classifications extended the

known series as follows: 4snp 'P} to n =33, 3dnp 'P] to

n =29, 3dnp P} to n =25, 3dnp D} to n =19, 3dnf 'P; to
n =15, 3dnf P} to n =10, and 3dnf ’Dj to n = 15. A single
line at 1740.32 A was classified as 4s2 'S, —4s 5p 'Pj. Their
classification of the level at 43 933 cm™! as mainly
3d4p 'P} was accepted in several subsequent papers by
other authors but was abandoned in the light of recent
theoretical work cited below. It is now apparent that no
level is preponderantly of this nature.

Sources of Level Values

The emission spectrum was completely reobserved by
Risberg (1968) from 195-30 000 A by means of a hollow
cathode discharge. In this range 275 lines were measured,
about 100 of which were observed for the first time.
Autoionization and the low pressure of this light source
prevented the detection of all but four levels above the
ionization limit, *P, and *D, , of the 3d4d configuration.
The other members of the 3d4d and 3d 5d configurations
are derived from the classified lines of Russell and
Saunders (1925) or C. E. Moore (1959) combined with the
lower level values given by Risberg.

Several revisions and extensions are proposed in
Risberg’s paper. The earlier assignments of 4s56s 'S, and
4p*'S, to 41 786 cm~' and 40 690 cm™' respectively are
interchanged. The J =0 level of 4s7p *P° and the J=1,2
levels of 458p *P° were found. The latter have been re-
placed by values found by Armstrong et al. (1979). The
'D, terms of 3d 5s and 3d® were also discovered, and in the
4snf series the 'F3 of 4s12f was added.

Risberg has incorporated the interferometric mea-
surements of the strong lines by Wagman (1937) and the
accurate measurements of Grafenberger (1937) with her
own extensive measurements to redetermine all the en-
ergy level values. Risberg’s results are quoted here. Her
estimated level uncertainty is +0.016 cm™".

The data available for Ca 1 are particularly rich in long
series. Those series for which the maximum observed
value of n is 10 or more are listed on the following page.

Brown, Tilford, and Ginter (1973) observed absoroption
spectra of calcium series in the range of 1500-1770 A and
2020-2090 A at high dispersion. They recorded the
4snp 'Pj series for n =11-79 and deduced from these data
an ionization energy of 49 305.99 +0.12 cm~".
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Series in Ca 1

Config. Term n maximum References
1. 4snp pe 60 Armstrong et al. (1979)
2. 4snp 'p° 79 Brown et al. (1973)
3. 4snd ‘D 60 Risberg (1968), Beigang
et al. (1982)
4, 4snd 'D 62 Borgstrom and Rubbmark (1977),
Armstrong et al. (1977)
5. 4sns ’s 36 Risberg (1968),
Beigang et al. (1982)
6. 4sns 'S 32 Borgstrdm and Rubbmark (1977),
: Armstrong et al. (1977)
7. 3dnp ‘D° 58 Brown et al. (1973)
8. 3dnp p° 33 Brown et al. (1973)
9. 3dnp 'p° 61 Brown et al. (1973)
10. dsnf Fe 13 Risberg (1968), Camus (1974)
11. 4snf F° 28 Borgstrdm and Rubbmark (1977)
12. 3dnf pe 30 Brown et al. (1973)
13. 3dnf ’pe 38 Brown et al. (1973)
14. 3dnf 1pe 39 Brown et al. (1973)
15. dsng 'G 14 Beigang and Wynne (1981)
16. 4snh 'H 14 Beigang and Wynne (1981),
Chang (1983)
17. 4pns p 16 Connerade et al. (1980)
18. 4pns 'p° 15 Connerade et al. (1980)
19. 4pnd 'p° 12 Connerade et al. (1980)
20. 3p°(Py) 4s'nd 3721 16 Mansfield and Newsom (1977)
21. 3p%CPY) ds’nd 3/2)° 17 Mansfield and Newsom (1977)
22. 3p3(P3,) 4s’ns H3/21° 10 Mansfield and Newsom (1977)
23, 3p°(Ps) 4sins sz 14 Mansfield and Newsom (1977)

Series of doubly excited configurations converging to
the 3d 2D limit were extended. The 3dnp *D series was
measured through n =58, the 3dnp 'P, series was mea-
sured through n =58, the 3dnp 'P} through n =61, the
3dnp °P; through n =33, the 3dnf 'P; through n =39, the
3dnf *P; through n =38 and the 3dnf D} through n =30.
They note that “the 3dnp 'Pj series lines are the strongest
and most diffuse of the six observed series.” Two levels
that perturb this series at #» =6 and n =7 were measured.
They have been identified as 5s4p *P} and 'P; by Newsom
(1966). The results of Brown, Tilford, and Ginter are
quoted here for series members beyond the observations
of Risberg. Their estimated level uncertainty is +0.18
cm™,

In a paper by Armstrong, Esherick, and Wynne (1979),
observations by means of multiphoton absorption experi-
ments of the 4snp *P° series to n =60 were reported. This
was previously given to n =8 by Risberg (1968). The
estimated level uncertainty varies from £0.02 cm™! to
+0.2 cm~, with an average of +0.05 cm™".

Armstrong, Esherick, and Wynne (1977) greatly ex-
tended the observations of the 4sns 'S, series from
n=12-32 and the 4snd 'D, series from n =8-62. In the
latter series they substituted the level 46 199.23 cm~' for
4s7d, rejecting the level 46 308.257 given by Risberg.
The level 47 449.083 cm™' assigned by Risberg to 3d*'D,
is renamed 3d5s 'D,. This designation was used by
Risberg for the level 48 083.383 cm™!, which is now
named 4s10d 'D, by Armstrong et al. These changes are
confirmed by additional observations by Palenius and
Risberg (1977). No level was found to replace the 3d*'D,.
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The estimated level uncertainty varies from +0.04 to
+0.6 cm™~!, with most better than =0.1 cm ™.

Borgstrom and Rubbmark (1977) observed absorption
series from the 4s4p 'P} level. They report values for 4sns
'S from 1 =12-28 and 4snd 'D, from n =7-59. These two
series have been extended to n=32 and n =62, re-
spectively, by Armstrong, Esherick, and Wynne (1977).
Borgstrom and Rubbmark observed the 4snf 'F$ series
from n=13-28. They note that their level values are
~0.15 cm™' lower than those of Armstrong et al. (1977)
and claim an improved accuracy. We have compiled their
results for 4sns 'Sy (n = 12-28) and for 4snd 'D, (n =7-59).

The 4sns °S, series was observed from # =10 to n =36
and the 4snd ’D,,; from n=11 to n =60 by laser ex-
citation from the metastable 4s5p 'P levels by Beigang,
Liicke, Schmidt, Timmerman, and West (1982). From
these data they derived a value for the ionization energy
of 49 305.94+0.04 cm . Included below are the results
of Risberg through 4s12s and 45 10d. The higher series
members are from Beigang et al. with an uncertainty of
+0.04 cm™".

Five members of the 4sng 'G, series (n =10-14) have
been observed by Beigang and Wynne (1981) in absorp-
tion from the 4s5f'F; level and, as reported by them,
from a new level at 44 872 cm™! that they could not
identify. A measurement accuracy of 0.3 cm was given.
Forsberg and Litzén (1982) reported the observation of
the 455g 'G, level at 44 875.95 cm~'. Chang (1983), using
polarization theory, confirmed that this is the unknown
level found by Beigang and Wynne. He identified the
upper levels observed in absorption from this level as the
4s nh series (n = 10-14) and designated them as 'H; levels.
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Connerade et al. (1980) have reported observations of
series in the doubly excited configurations 4pns and 4pnd.
They did not observe the three lines reported by Brown
et al. at 62553, 62557, and 62562 cm™' tentatively classi-
fied as 3s°-4p4d.

Mansfield and Newsom (1977) have observed absorp-
tion from the 3p shell between 320 and 500 A. We have
given the 3p°4s’ns and 3p’°4s’nd series from their paper.
The uncertainty of these level values is estimated to be
+10cm™.

lonization Potential

Borgstrom and Rubbmark have determined a value of
the ionization energy from the 4snf 'F°; series equal to
49 305.92 #0.10 cm~' which is within the error limits of
the value of Brown et al.,, 49 305.99 + 0.12 cm™'. We
have adopted the average of these values and that of
Beigang et al. (1982). The error in the conversion factor,
8065.479 +0.021 cm™~' eV, determines the error in the
value given in eV.

Perturbed Series

The identification of 3d4p 'P{, which perturbs the
4snp 'P; series, has been the subject of much discussion in
the literature. Russell and Shenstone (1932) decided from
intensity and energy considerations that it must be the
level at 36 731 cm~'. Roth (1969) attributes to Racah his
identification of this term with the level at 41 679 cm™".
Friedrich and Trefftz (1969), on the basis of multi-
configuration calculations, retained it at 36 731 cm™".
Garton and Codling (1965), from intensity consid-
erations, placed it at 43933 cm~'. This assignment has
been adopted by Risberg in her analysis of Ca 1 and by
Moores (1966) in his multichannel quantum defect theory
(MQDT) calculation of the 4snp 'P} series. The in-
vestigation of the 4snp 'PS series by Armstrong et al. (un-
published) using MQDT has shown that all of the above
levels contain less than 30% 3dnp 'P] composition
(summed over all n). The 3d4p 'Pj state is diluted beyond
recognition by mixing into the 4snp series. Among these
levels the largest percentage of 3dnp ‘P; (27%) is present
in the level at 43 933 cm~'. Two more calculations of this
mixing have appeared: Victor, Stewart, and Laughlin
(1976) using model potential calculations and Fisher and
Hansen (1984) using multiconfiguration Hartree-Fock
(MCHEF) calculations have obtained the percentage dis-
tribution of 3d4p 'P$ in the 4snp series. These results are
summarized in the following table.

% 4snp % 3d4p 'P}

Level Fisher and Hansen Fisher and Hansen Victor
23652 84 4s4p 15.63 16.3
36731 74 4s5p 14 4sdp 9.27 12.7
41679 63 4s6p 25 4s5p 7.53 18.6
43933 52 4s7p 40 4s6p 7.16 23.0
45425 45 4s7p 41 4s8p 6.80 15.3
46479 55 4s8p 32 4s9p 5.99 7.4
47184 64 459 24 4510p 4.99

Both calculations confirm the dilution of 3d 4p in the 4snp
series, though the largest percentage occurs in different
levels. According to Fisher and Hansen’s results the lev-
els 43933 and 45425 each have about 50% d4s7p 'P,.
Since one of them needs to be removed from the series in
order not to alter the principal quantum numbers of the
higher series members, we arbitrarily choose 43 933, and
label it 4sn! 'P in the table below. In the light of this
mixing, Roth’s calculation of the (3d +4s) 4p interaction
is inappropriate and his results are not included here.

Another well-known perturbed series in Ca 1is the 4snd
’D series, strongly perturbed by 3d5s ’D between n =8
and 9. This has been studied by Seaton (1966) using his
MQDT method.

Some parity-forbidden series have been observed in
Ca 1. In Saunders’ (1920) paper the first four members of
45%'Sy—4snd 'D, series are reported. Transitions to the
ground state from 4p?'S, and from 4s7s and 4s8s 'S, are
also given. Mcllrath (1974) has observed lines in absorp-
tion between 2048 and 2091 A which Palenius and
Risberg have identified as transitions to 4s9d —14d 'D,
and 4s13s — 175 'S, from the 4s2'S, ground state.

Arrangement of Tables

The first table of energy levels presented here for neu-
tral calcium 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 Ca 1, we present a second
table for this spectrum in which the series are listed sepa-
rately, followed by their series limits. This table reveals
more clearly the character of the observed spectrum. The
series are listed in order of increasing first series member.
The series member with the largest value of n for each
term type is followed by the limit or limits of that series
in Ca 1. The assignment of the limits is discussed by
Brown et al. and graphically displayed in their figure 10.
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Ca1: Ordered by term values
Configuration Term J Level Configuration Term J Level
(cm™Y) (cm™Y)
4% 15 0 0.000 3d 4p I 3 40 587.893
4sdp 3pe 0 15 157.901 4565 s 0 40 690.435
1 15 210.063
2 15 315.943 4p* b)) 2 40 719.847
3d 4s P 1 20 335.360 4s6p pe 1 41 679.008
2 20 349.260
3 20 371.000 4p* s 0 41 786.276
1
3d 4s D 2 21 849.634 4sdf 3pe 9 12 170914
3 42 170.558
1pe
4s4p P 1 23 652.304 1 42 171.026
4sbs 33 1 31 539.495 4s4f Ipe 3 42 343.587
1
4555 S 0 33 317.264 156p 3pe 0 12 514845
3d 4 3 2 35 73045 ! 42518.708
7 : A 2 12 526,591
4 5 896.88
35 896.859 4s5d D 1 42 743.002
3d 4p Ipe 2 35 835.418 2 42744716
. 3 42 747.387
4s5p P’ 0 36 547.688
2 36 575119
34* SF 2 43 474.8217
4sbp lpe 1 36 731.615 3 43 489.119
4 43 508.088
4s4d p 2 37 298.287
4s4d D 1 37748197 || dsmp 'P* 1 43 933477
2 37 751.867 R
3 37 757449 4sTs S 1 43 980767
4sTs s 0 44 276.538
3d 4p p° 1 38 192.392
2 38219.118 4s5f S 2 44 762.620
3 38 259.124 3 44 762.839
4 44 763.118
4p* P 0 38 417.543 .
1 38 464.808 4sdf F 3 44 804.878
2 38 551.558
4s5g e} 5 44 874.86
3d 4p Spe 0 39 333.382 .
1 39 335.322 4s5g G 4 44 87595
2 39 240.080
4sTp 3pe 0 44 955.67
4s6s 3S 1 40 474.241 1 44 957.655
2 44 961.757
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ATOMIC ENERGY LEVELS OF POTASSIUM THROUGH NICKEL 55
Car: Ordered by term values—Continued
Configuration Term Leve]l Configuration Term Level
(cm™) (cm™Y)
4s6d p 2 44 989.830 4s8f Ipe 3 47 555.28
4s6d D 1 45 049.073
2 45050419 | %10P ’p 1 47 604.75
3 45 052.374 2 47 605.77
. 4510p pe 1 47 662.10
4sTp P° 1 45 495.358
4s9d 3D 1 47 752.655
458s 33 1 45 738.684 2 47 757.286
458s 15 0 45 887.200 3 47765.697
3
As6f B 9 16 164,644 4s11s S 1 47 806.20
3 )
4 % f?ﬁ.ﬁ?f 4s9d 'D 2 47 812.39
4s6f 1ge 3 46 182.399 4s1ls s 0 47 843.76
4sTd D 2 46 200.13 459f Spe 2 47 921.87
. 3 47 921.981
4s8p P° 0 46 284.12 4 47 922.033
1 6 285.23
9 j £ 987,69 4s9f e 3 47 924.947
4s11p 3pe 1 47 960.87
457d D 1 46 301.973
2 46 303.649 2 47 961.53
3 46 306.059 4511p lpe 1 47 997.49
4s8p lp 1 46 479.813 4510d D 1 48 031.58
2 48 033.23
459s 33 1 46 748.283 3 48 036.212
459s 'S 0 46 835.055 4510d p 2 48 083.41
4s8d D 2 46 948.98 45128 33 48 104.02
1
4s7f 3Fo 2 47 006‘.1;94 43128 S 0 48 130.75
3 47.006.280 | 45107 © 3 2 48 187.045
4 47 006.400 3 48 187.075
4s7f g 3 47 015.141 4 48187.118
1o
4s8d D 1 47 036.225 4107 F 3 48 188.950
2 47 040.007 1
5 47 045.241 4510g G 4 48 202.2
Irye
4s9p |1 708598 | O H 5 48 208
2 47 086.99 4512p spe 1 48 215.81
4s9p pe 1 47 184.370 2 48 216.36
1pe
4510s 5 1 g382.048 | %P P ! 48 24053
4510s 1S 0 47 437471 4s11d 3] 1 48 258.30
2 48 258.84
3d 5s p 2 47 449.083 3 48 260.29
3d 5s D 1 47 456.452 4s11d p 2 48 290.85
2 47 466.014
3 47 475.915 4513s s 1 48 321.14
1 48 340.75
4e8f 3pe ) yrss02n || 1% S 0
3 47 550.271
4 47 550.371 (Continued)
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Ca 1. Ordered by term values—Continued

Configuration Term J Level Configuration Term J Level
(cm_l) (cm_l)
4s11f 3pe 2 48 982.70 4s14d 5D 1 48 675.42
3 48 382.781 2 48 675.65
4 48 382.801 3 48 676.09
4s11f Ipe 3 48 384.039 4sl4d p 2 48 678.97
4511g G 4 48 394.3 45165 i 1 48 708.82
1
6s11h 1y 5 48 398.6 4516 S 0 48 718.02
1 L]
4s13p 3pe 1 48 404.57 dsl4f F 3 48 738.54
2 4840495 | 414g g 4 48743.4
4513p lpe 1 48 422.09
4s14h TH° 5 48 2474
4s12d D 1 48 433.01
2 48 433.46 4s16p pe 2 48 749.04
8 BT 416p po 1 48 75645
4512d D 2 48 451.73
\ 4s15d D 2 48 760.14
4514s S 1 48 484.30 ss15d . ; 48 760.88
4s14s s 0 48 499.14 2 48 761.20
3 48761.31
3d? p 0 48 524.093
1 48 537.623 4517s s 1 48 788.03
2 48 563.522 4517 s 0 48 795.46
4 3pe i
s12f F 3.4 48 531.04 ss15f - 3 48 812,09
4512f Ipe 3 48 532.139
. 4s1Tp Spe 2 48 820.60
540.1
4s12¢ G 4 48 4s1p pe | 48 826.5)
1xye
15128 H |5 485442 4516d D | 2 48 827.05
4s14p pe 1 48 548.30 4s16d D 1 48 829.87
2 48 548.51 2 48 829.95
. 3 48 830.47
4s14p P 1 48 561.10
R 45185 ’s 1 48 852.58
4513d D 1 48 568.66 .
2 48 568.95 4518s S 0 48 858.59
3 48 569.51
4s16f I 3 48 872.20
4s513d D 2 48 578.32
, 4518p pe 2 48 879.81
4515s S 1 48 609.75
4s15s 1g 0 48 621.58 4517d p 2 48 882.37
4613F e 4 48 646.38 4518p p 1 48 884.06
4513f 'Fe 3 48 647.30 4517d ) 2 48 886.75
) 1 48 886.90
4s13g G 4 48 653.7 3 48 887.04
4513h 'H° 5 48 657.0 45195 35 1 48 905.60
4s15p 3pe 2 48 660.23 4519s s 0 48 910.65
4s15p 'p° 1 48 669.83 4517f I 3 48 921.95
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ATOMIC ENERGY LEVELS OF POTASSIUM THROUGH NICKEL 57
Ca1: Ordered by term values—Continued
Configuration Term Level Configuration Term Level
(cm™Y) (cm™Y)
4519p pe 2 48 927.98 4s23p 3pe 49 058.02
1pe
4518d ip 2 48 92879 4s23p P 49 060.02
3
4519p 1pe ) 48 931,82 4522d D 49 061.23
3
4518d &) 2 48 934.04 ds24s S 49 069.82
1 48 934.10 4524s s 49 071.99
3 48 934.32
4s22f Ipe 49 077.20
4520s 33 1 48 949.88 .
45205 'S 0 48 954.13 4s23d D 49 077.48
3 o
4518f I 3 896367 || P P 49 080.04
4s24p 1pe 49 081.75
4519d D 2 48 968.10
4523d D 49 082.83
4520p Spe 2 48 968.67 ,
4520p 1pe 48 971,93 45255 S 49 090.40
45255 s 49 092.19
4519d 8p 1 48 973.80
3 48 973.92 4524d D 49 096.52
2 48 973.95
4523f g 49 096.7}
4s21s 33 1 48 987.35
4s25p Spe 49 099.95
1
48218 S 0 48 99083 4325}7 IPo 49 100 72
1e
419f F 3 4899885 | 4s24d D 4910151
1
4520d D 2 49 001.66 45265 8 49 108.15
4s21p Spe 2 49 003.21 45265 s 49 109.85
4321p 1P° 1 49 005.92 4825d lD 49 113.41
4520d D 2 49 007.58 Lo
1 1900759 | 424 ¥ 49 11585
3 49 007.70 4526p 3pe 49 116.07
45225 'S 1 49 019.13 4s26p lpe 49 117.38
1
45225 S 0 902202 1 4 o5g D 49 118.24
Ipe
4s20f F 3 49 028.95 45217s 3 49 124.02
4s21d D 2 49 030.55 4527s g 49 125.44
4s22p ’pe 2 49 032.70 4s26d D 49 128.34
Ipe 9034.98
4s22p ! 49034 4525 1pe 49129.00
5 49 036.40
4s21d D 2 4527p spe 49 130.94
4523s ’s 1 49 046.22 4s27p p 49 132.09
1
4523s S 0 49 048.85 16264 3p 49 182.77
1nve
4s21f F 3 49 054.80 4528 59 49 138.06
4522d D 2 49 055.62 45285 15 49 139.31
(Continued)

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



58 J. SUGAR AND C. CORLISS

Ca1: Ordered by term values—Continued

Configuration Term J (I‘;ﬁ!v_ell) Configuration Term J (%I;v_ell)
4s27d 'D 2 49 141.63 4s32d D 2 49190.17
4s26f g 3 49 142.38 4s33p spe 2 49 192.08
4528p ’p 2 49 144.19 1533 F ' $o 19208
4528p p 1 49 145.15 4s32d D 2 49 193.06
4s21d D 2 49 145.66 4s34s S 1 49 195.64
45295 53 1 49 150.30 4533d D 2 49 197.30
45295 's 0 49 151.59 4s34p 3pe 9 49 199.09
4s28d D 2 49 153.49 4s34p pe 1 49 199.62
4s21f Ipe 3 49 154.29 4s33d D 2 49 199.93
4s29p Spe 2 49 155.90 4535 s 1 49 202.47
4529p P 1 4915678 1 yogaq D 2 49 203.78
45284 3D 2 49 157.39 4535p 3pe 9 49 205.47
4530s ’s 1 49 161.54 4s35p pe 1 49 205.95
4530s 'S 0 49 162.47 4s34d ) 2 49 206.17
4529d 'D 2 49 164.12 45365 3g 1 49 208.53
4s28f 'pe 3 49 164.99 45354 p 2 49 209.68
4530 3pe 9 49 16643 4536p 3po 9 49 211.24
4530p 'p° 1 49 167.20 4536p 1pe 1 49 211.72
4529d ‘D 2 49 167.55 4535d D 2 49 212.01
4s31s ’S 1 49 171.42 45364 1p 2 49 215.11
45315 1S 0 49 172.43 4s37p 3pe 9 49 216.61
4s30d D 2 49 173.70 4s37p pe 1 49 217.02
4s31p 3pe 2 49 175.87 4586d D 2 49 217.18
4531p 1pe 1 49 176.58 4537d D 2 49 220.10
4530d D 2 49 177.18 4538p 3pe 9 49 221.51
4532 '8 1 49 180.48 4538p 1pe 1 49 221.87
45325 IS 0 49 181.49 4s37d D 2 49 222.06
4s31d p 2 49 182.36 45384 1p 9 49 224.70
4s32p pe 2 49 184.37 4539p spe 2 49 226.02
4532p pe 1 49 185.02 4539p 1pe 1 49 226.95
4s31d D 2 49 185.24 45384 ) 2 49 226.56
45335 ’s 1 49 188.37 4539d 1p 2 49 228.92
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ATOMIC ENERGY LEVELS OF POTASSIUM THROUGH NICKEL 59
Ca1: Ordered by term values—Continued
Configuration Term Level Configuration Term Level
(cm™" (em™Y)
4s40p ’pe 49 230.13 4s47d 'D 49 253.40
4540 pe 9 23045 .
s2p 4 4 4548p spe 49 254.22
4s39d D 49 230.54 4s48p lpe 49 254.41
4540d D 49 232.81 4s47d D 49 254.43
4s41p 3pe 49 234.00 4s48d 'D 49 255.64
4541 lpe 9 234.
P 49 234.28 4549p 3pe 49 256.42
3
4540d D 49 234.47 45484 3D 49 256.55
4541 p 49 236.45
d 4549p 1pe 49 256.56
3
p° 4
4542p 49 237.55 45494 p 49 257.74
D 49 237.82
4s41d 4s50p pe 49 258.45
4s42p 'p° 49 237.82 4s50p pe 49 258.60
4s42d Ip 49 239.80 4549d ) 49 258.65
4s43p Spe 49 240.81 4s50d D 49 259.68
4542d D 49 241.09 4s51p ’pe 49 260.36
1pe
4843p IPo 49 24109 4851}) P 4:9 260.51
3
1
4344}, SPo 49 24387 4851d D 49 261.51
Asddp 'p 49 244.13 4s52p spe 49 262.15
1po
4s43d D 49 244.26 4s52p P 49 262.30
1
4s51d D 49 262.42
4s45p ¥pe 49 246.74
4s45p pe 49 246.98 4s53p pe 49 263.85
4553 lpe 9 263.99
4sddd D 49 247.04 S0°P 4
. 4s52d D 49 264.19
4s45d D 49 248.52
5 4s53d 'D 49 264.77
4546p pe 49 249.37
4s54, 3pe 9 265.
4s45d D 49 249.56 so%p 49 265.44
4s54p pe 49 265.59
4s46p Ipe 49 249.61
4s53d D 49 265.60
4s46d p 49 251.05
4s54d p 49 266.36
4s47p pe 49 251.87 ,
. 4s55p P 49 266.99
4547p P 49 252.08 .
4s55p P° 49 267,10
4s46d D 49 252.10
4s54d D 49 267.18
(Continued)
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Ca1: Ordered by term values—Continued

Configuration Term J Level Configuration Term J Level
(cm™1) (cm™Y)
4s55d 'D 2 49 267.84 4s72p lpe 1 49 283.67
4s73p pe 1 49 284.30
4s56p Spe 2 49 268.40 4sT4p 1P° 1 49 284.88
e 4s75p P° 1 49 285.46
4s56p P 1 49 268.52 4576p :P° 1 49 986,00
4sT1p P° 1 49 286.54
3
4s55d D 2 49 268.57 4sT8p Ipe 1 49 287,05
1pe
4556d D 2 1926933 | 4P P 1 49 287.57
2 P
4s57p 3pe 2 49 269.77 Ca1l (°Sy2) Limit 49 305.95
4s57p p 1 49 269.88 3d 4d D 1 51 351.74
2 51 369.38
4s56d D 2 49 270.01 3 51 396.32
3d 4d ’G 3 51 553.6?
1
4s57d D 2 49 270.40 1 51 579,07
4558p 3pe 2 49 271.01 : 5 5161147
4558 pe ) 192711 3d 4d S 1 51 571.7
3d 5p *De 1 51709.5
. 3
4s57d D 2 49 271.25 2 517946
4558d D 2 49 271.79 3 51767.0
3d 5p ’pe 1 51 908.
3peo
4s59p P 2 49 272.24 3d 5p 1pe 1 59 100
4s59p pe 1 49 272.35
3d 4d 5 4 53 200.4?
4558d D 2 49 272.49 2 53 214.6?
3 53 247.9?
4s59d D 2 49 273.09
3d 4d p 0 54 282.3
4s60p Spe 2 49 273.37 1 54 288.74
2 54 304.6
4s59d D 2 49 273.53
3d4f De 1 55 902.8
1pe
4560p P 1 49 273.50 3d4f 3pe 1 55 946.6
4560d D 2 49 274.29 3d4f 1p 1 55 982.3
3d 6p e 1 56 254.
4s60d D 2 49 274.52
3d 5d D 2 56 469.0?
4561p lp 1 49 274.60
3d 6p 3pe 1 56 532.63
4s61d 8)) 2 49 275.58
3d 5d ) 1 56 558.9
4562p lpe 1 49 275.62
3d 6p pe 1 56 651.
4562d 3)) 2 49 275.87
4p5s pe 1 57 462.
4s63p p 1 49 276.61
4s64p p 1 49 277.55 3d 5d 3p 0 57 611.2
4s65p lp° 1 49 278.44 1 57 617.9
4s66p 1pe 1 49 279.30 2 57 638.4
4567p p 1 49 280.10
4568p lpe 1 49 280.88 4p5s lpe 1 57 960.
4569p lpe 1 49 281.62
4s70p p 1 49 282.34 3d5f ’pe 1 58 431.31
4s71p lp- 1 49 283.01
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ATOMIC ENERGY LEVELS OF POTASSIUM THROUGH NICKEL 61
Ca1: Ordered by term values—Continued
Configuration Term Level Configuration Term Level
(cm™") (cm™
3d5f Spe 58 491.91 3d 12p p- 61 980.49
3d5, ipe .

f 38 505.89 3d 11f pe 62 009.17
3dTp 3pe 58 798.92 3d 11f Spe 62 052.49
3d7 3pe 59 010.87

P g 3d 13p D 62 084.92
3dTp p 59 197.

3d 11f Ipe 62 084.92
3d 6d p 59 368.
59 391. 3d 13p 8pe 62 092.08
1pe
3d6f Spe 59 862.26 3d 12 e 62 161.61
3d6f p 59 878.52 3d 12 3pe 62 198.92
3d 8p De 60 046.13 3d 14p pe 62 223.68
3pe
3d & P 60 150.26 3d 12f 1p 62 234.47
3d 8p p 60 300.
3d 14p 3pe 62 287.12
3d7f Spe 60 632.18
31ye
3477 3pe 60 690.97 3d 13f D 62 279.33
3d7f p 60 709.54 3d 14p Ipe 62 288.02
3d 9p p° 60 807.28 3d 13f 3p- 62 312.63
3pe
3d 9p P 60869.28 |\ 3415p ipe 62 391.04
3d 9p p 60 973.6
3d 13f pe 62 346.47
3d8f ’D° 61172.54
3po
3d8f 3Pv 61 228.65 3d 15p P 62 351:93
3d8f lpe 61 251.39 3d 14f 3pe 62 375.29
3d 10p Spe 61 306.65 3d 15p lp 62 392.01
3d 10p P 61 345.74 3d 14f 3pe 62 403.22
3d 10p p 61 428.1
3d 16p 5pe 62 416.47
3d9f pe 61 543.95
3d 14f lpe 62 433.38
3d9f 5pe 61 596.69
3d9f pe 61 622.60 3d 16p ’p 62 443.64
3d 11p pe 61 652.25 3d 151 D 62 453.85
3d 11p spe 61 676.62 3d 15f ’pe 62 472.14
3d 11p 'P° 61 747.2 3d 16p 1pe 62 478.26
3d 10f Spe 61 810.68 3d 17p 3pe 62 486.45
3d 10 spe 61 859.22
4 3d 15 p 62 506.62
3d 10f lp 61 888.22
. 3d 17p P 62 511.97
3d 12p D° 61 901.04
3d 12p 3pe 61 916.38 3d 16f D° 62 520.06
(Continued)
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62 J. SUGAR AND C. CORLISS

Ca1: Ordered by term values—Continued

Configuration Term J Level Configuration Term J Levell
(cm™) (em™))
3d 16f Spe 1 62 533.90 3d 23p ipe 1 62 713.24
3d 18p *D° 1 62 539.39 3d 22f De 1 62 72041
3d 17p lpe 1 62 548.16 3d 21p pe 1 62 721.80
4pad Spe? 1 62 552.97 3d 22f 5p° 1 62729.19
3pog
4pdd P°? 1 62 55745 3d 24p 3pe 1 62 794.25
4pad pe? 1 62 561.72
3d 22p Spe 1 62 726.10
3d 17f e 1 62 565.68
3d 20f pe 1 62 736.10
3d 16f pe 1 62 572.66
\ 3d 23f pe 1 62 748.11
3d 17f P 1 62 578.91 3d 23f 3pe 1 62 748.53
3pe
3d 18p P 1 62 584.50 3d 22p 1pe 1 62 750.58
3rye
3d 19p D 1 62 587.83 3d 26p spe 1 62 753.60
ipe
3d 18p P 1 62 602.72 3d 23p spe 1 62 762.86
3nye
3d 18f D 1 62 610.75 3d 21f 1pe 1 62 762.86
3d 18f Spe 1 62 617.02
. 3d 24f 5pe 1 62 764.10
3d 17f P 1 62 625.37 3d 24f 3pe 1 62 768.10
3o
3d 20p D 1 62 626.03 3d 26p 3pe 1 62 769.47
3pe
3d 19p P 1 62 628.76 3d 23p Ipe 1 62 774.75
3ne
3d 197 D 1 62 641.52 3d 25f 3pe 1 62 780.30
1pe
3d 19p P 1 62 648.37 34 27p pe 1 62 783.86
3po
3d 19f P 1 62 653.99 3d 22f 1po 1 62 785.02
3o
3d 21p D 1 62 660.15 3d 24p 3pe 1 62 787.31
3pe
3d 20p P 1 6267151 1 55 96r 3pe 1 62 790.08
3d 18f p 1 62 671.51 3d 26f 3pe 1 62 794.19
3d 20f 3pe° 1 62 675.56 3d 24p lpe 1 62 795.556
3 o
3d 20f P 1 6268339 1 3498p o | 1 62 79746
3o
3d 22p D 1 62 686.88 3d 23f 1pe 1 62 804.38
1pe
3d 20p P 1 6269032\ sqorf 3pe 1 62 806,02
1pe
3d 19f P 1 6270443 | gq95p 3pe 1 62 807.90
3ne
8d 21f D 1 62 704.43 3d 29p 3 1 62 808.51
3d 21f Spe 1 62 707.25
3d 28f 3pe 1 62 812.00
3d 21p spe 1 62 711.87
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ATOMIC ENERGY LEVELS OF POTASSIUM THROUGH NICKEL 63
Cal: Ordered by term values—Continued
Configuration Term Level Configuration Term Level
(em™)) (cm™")
3d 25p pe 62 814.13 3d 38p D 1 62 872.69
3d 28f spe 62 816.51 3d 30p ’pe 1 62 875.40
3d 30p D° 62 818.76 3d 37f 3pe 1 62 87540
3d 24f P 62 820.31 3d 39p D° 1 62 876.98
3d 26p Spe 62 824.17 3d 30p lpe 1 62 879.48
3d 29f spe 62 824.17 3d 38f p 1 62 880.04
3d 31p D 62 827.75 3d 40p D 1 62 881.24
3d 26p p 62 830.67 3d 31p ipe 1 62 884.77
3d 30f D 62 832.31 3d 41p D 1 62 884.77
3d 30f °p* 62 834.11 3d 31p 1pe 1 62 889.00
3d 32p D’ 6283622 | 3449p ipe 1 62 889.00
3d 25f P 62 836.85 3d 43p D 1 62 891.65
3d 27p ’p 62 838.45 3d 32p 3p 1 62 893.66
3d 31f 5p° 62 840.23 3d 44p 3 1 62 894.65
3 33p D* 6284372 || 5330y ipe 1 62 897.57
3d 27p P’ 62 845.27 3d 45p Ipe 1 62 897.57
3d 32f P’ 6284877 3q46p o |1 62 900.09
3d 34p ‘D’ 6285062 | 3433 3p 1 62 901.85
3d 26f P 6285235\ 3q41p D 1 62 902.75
3d 28p ip 62 853.79 3d 33p 1pe 1 62 904.95
3d 33f spe 62 853.79 3d 48p spe 1 62 904.95
sd 357 D 6283656 | Lo st o |1 62 908,58
3d 28p ipe 6285811 | 34°1P ot 6291058
3d 34f 3pe 6286106 | S0P P ' g2 Lot
3d 36p D 62 862.60 g’g gg}’; 333 i Zﬁ folf ;
3d 29p ip 62 863.99 3d 54p o ! 62 915.91
3d 35f 3pe 62 865.39 3d 35p i ! b2 91783
3d 37p D s206787 | oo 333 ) 2 91550
3d 29p pe 62 869.38 g‘; ggﬁ igi } Z %?ﬁ
3d 361 ’p* 62 871.46 3d 36p 1ps 1 62 923.62
(Continued)
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64 J. SUGAR AND C. CORLISS
Ordered by term values—Continued
Configuration Term Level Configuration Term Leve]l
(cm™") (cm™)
3d 35f p 1 62 926.96 4p8s lp- 71 001.
3d 37p Ipe 1 62 928.81 4p1d p 71 237.
3d 36f pe 1 62 931.29 4p9s Spe 71 868.
3d 38p pe 1 62 933.61 4p9s Ipe 72 007.
3d 37f pe 1 62 935.88 4p8d p 72 289.
3d 39p lp- 1 62 938.02 4p10s 5pe 72 411.
3d 38f pe 1 62 939.79 4p10s Ipe 72 655.
3d 40p lpe 1 62 942.10 4plls pe
72 871.
3d 39f 1pe 1 62 943.85 4p9d pe
3d 41p pe 1 62 945.88 4plls pe 73111
3d 42p pe 1 62 949.34
3d 43p pe 1 62 952.58 4p12s p°
3d 44p lp- 1 62 955.57 73 248.
4p10d 1pe
Canl (*Dyy) Limit 62 956.15
4pl2s Ipe
3d 45p p 1 62 958.38 73 444.
3d 46p lpe 1 62 961.01 4p13s 3pe
3d 4Tp lp 1 62 963.43
3d 48p lpe 1 62 965.72 4pild lpe 73 517.
3d 49p pe 1 62 967.8)
3d 50p pe 1 62 969.89 4plds 3pe 73 622.
3d 51p lp 1 62971.78
3d 52p lpe 1 62 973.55 4p13s pe 73 693.
3d 53p Ipe 1 62 975.23
3d 54p lpe 1 62 976.81 4pl5s spe
3d 55p Ipe 1 62 978.26 78 742.
3d 56p lpe 1 62 979.72 4p12d 3pe
3d 57p Ipe 1 62 981.03
3d 58p pe 1 62 982.35 4plds 'p°
3d 59p lpe 1 62 983.48 78 852.
3d 60p lpe 1 62 984.63 4p16s 3pe
8d 61p pe 1 62 985.70
4p1bs pe 73 969.
Ca1l (°Dy,) Limit 63 016.84
. Call (*Pyy) Limit 74 497.46
4pbs ’pe 1 64 977,
Ca1 (%Pyy) Limit 74 720.35
4p6s p 1 65 445.
i “ 3p° 4s° 3d Spe 200 096
1pe
4pdd P ! 66 578. 3p° 462 3d *pe 218 991
4pTs ipe 1 68 913. 3p° 45 3d Ipe 258 810
4p6d lpe 1 69 643, 3p° 4s® 4d 3pe 255 022
4pTs p 1 69 247. 3p°(%P5,5)4s% bs 2[%,1° 257 737
5¢2p0 2 2rl; 9o
4p8s 3pe 1 70 787, 3p°(*P3,5) 45 bs (%] 260 193
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ATOMIC ENERGY LEVELS OF POTASSIUM THROUGH NICKEL 65

Ca1: Ordered by term values—Continued

Configuration Term J Level Configuration Term J Level

(cm™Y (cm™")
3p°(?P5,5)4s” 6s %) 1 267 417 3p°(2P; ) 4s% 15d %10 1 276 214
3p° 4s” 4d e 1 267 956 3p°(°P3/,)4s” 16d 2% 1 276 983
3p°(2P3,5)4s% 65 2% | 1 269 706 3p° (%P3 ) 4% 1d %1 | 1 276 631
3p° 4s? 4d p 1 270 640 Ca 11 3p%4s? 2P}, Limit 276 750
3p°(*P35)4s” 5d %1 11 270 889 3p°(?P3,,)4s° 8d 2%1° | 1 277 430
3p°(3P0)4s% Ts %10 | 1 271 245 3p° (%P5 ) 452 9d AR 277 917
3p°(?P3,5)4s 6d %l | 1 273 134 3p°(%P;,5)4s% 118 2y 1 277 991
3p°(2P5,5)45% Ts 2R | 1 273 598 3p°(*P;,5)4s® 10d 1| 1 278 228
3p°(*P5)45* 1d %1 1 273 959 3p°(*P;,5)45% 125 2100 1 278 302
3p° (%P5 5)45% 5d hl* | 1 274 040 3p°(2P;,5)45% 11d %0 | 1 278 469
3p°(*P3/p)4s% 9s %0 | 1 274 276 3p° (2P 4s? 135 phye | 1 278 534
3p°(*P3 )45 8d %1 | 1 274 652 3p°(*P; ) 4s% 12d A 278 647
3p° (%P5 5)4s” 10s %1011 274 777 3p°(%P5,5)45% 14s ZRARE! 278 702
3p°(2P;,,)45% 9d %10 | 1 275 272 3p°(2P% ,) 4s% 13d 28,10 | 1 278 796
3p°(*P32)4s” 10d Rl° | 1 275 503 3p°(%P3,5) 45 14d 2% | 1 278 900
3p°(*P32)4s” 11d %) | 1 275 726 3p°(?P: ,) 45 15d %) | 1 278 983
3p°(*P3p)4s” 12d %10 | 1 275 898 3p° (%P}, 4s? 16d 2% | 1 279 050
3p°(*P32)4s” 13d Thre | 1 276 038 3P (P42 17d | A%l 1 279 117
3p°(*P32)4s” 14d %) | 1 276 138 Ca 11 3p™4s2 %P, Limit 279 530
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66 J. SUGAR AND C. CORLISS
Ca1: Ordered by series
Configuration Term J (]c-:,ren\?ll) Configuration Term (%;’1‘1_611)
42 1g 0 0.000 4s34p ’pe 2 49 199.09
.................................................................................................... 4s35p :P° 2 49 20547
4536p P 2 49 211.34
1s4p 3pe 0 15157.901 | 4 on” spe 2 49 216.61
1 15210063 || Lo’ 3pe 2 49 221.51
2 15 815.943 4539p zpn 2 49 226.02
. 4540p P° 2 49 230.13
4sbp ip 0 36 547.688 4541 3pe 2 49 234.00
36 554.749 P
1 4.1% 154%p 3pe 2 49 237.55
2 96 575. 4s43p P 2 49 240.81
4s44p P° 2 49 243.87
4s6p Sp° 0 42510.845 )y 45, 3pe 2 49 246.74
1 42 518, 238 4sd6p 3pe 2 49 249.37
2 42526591 | 4 L0” P 2 49 251.87
. 4548p P 2 49 254.22
45Tp p 0 44 955.67 4549p 3pe 9 49 256,42
1 b 957.%5 1550 3pe 2 49 258.45
2 44 961757 | L pr 2 49 260.36
° 4s52p p° 2 49 262.15
4s8p ’p 0 i ggf;- 2 ass3p 3pe 2 49 263.85
2 Veosrss | st 2 2 49 20541
46 287. 4555p P 2 49 zb’g. 99
. 4556 p° 2 49 268.40
1s9p sp 1 47 085.3:; hy 572 3pe 2 49 269.77
2 47 086.9 1558 P 2 49 % Zj
4s59p p° 2 49 272.
4s10p ’p° 1 47 604.25 3pe 9273.87
2 4760577 || 460 P 2 4
4s11p |1 i 96087 | Caml (Suw) Limit 19 805:95
2 47 961.563 4sdp 1pe 1 23 652.304
tpe 1 36 731.615
1512p 3pe 1 48 215.81 ggﬁ 1pe 1 41 679.008
b b | b Lo | e
. 4s8p p 1 :
4513p P 1 4240057 g0 pe |1 47 184.370
P e Tl | pm
3130 4s11p pr 1 .
4s14p P ; g ?ﬁf? 1512p Ipe 1 48 240.53
' 4513p iP" 1 28 4%. %
P 1 8 561.
4s15p ZP" 2 4<; 6’6‘%5 iﬁg 1pe 1 48 669.83
4s16p p° 2 48 749. 1pe 8 756.45
4s17p e | 2 4882060 | A6 | v
4518p ’pe 2 48 879.31 T 1pe 1 48 884.06
4s19p 5pe 2 48 927.93 o 1pe 1 48 931.82
4520p ’p° 2 48 968.67 o 1pe 1 48 971.93
4s21p P2 4900221 pe | g 49 005.92
4522p ipe 2 49 032.70 o 1pe 1 49 034.98
4523p P2 4905802 | P pe |1 49 060.02
4524p 3p° 2 49 080.04 o 1pe 1 49 081.75
4525p ipe 2 49 099.25 it ipe 1 49 100.72
4526p ’p* 2 49 116.07 12 ipe 1 49117.38
4s27p P 2 49 130.94 4327§ 1pe 1 49 132.09
4528p P 2 49 144.19 4528 1pe 1 49 145.15
4s29p ipe 2 49 155.90 ppesed 1pe 1 49 156.78
4530p P2 4916643 | e 49 167.90
4s31p f‘P° 2 49 175.87 4z31p 1pe 1 49 176.58
4532p ipe 2 49 184.37 4832" 1pe 1 49 185.02
4533p spe 2 49 192.08 P
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ATOMIC ENERGY LEVELS OF POTASSIUM THROUGH NICKEL 67
Ca1: Ordered by series—Continued
Configuration Term J Levell Configuration Term Level
(cm™) (cm™Y)
isgip 1P: 1 49 192.68 4s4d D 1 87 748.197
s34p P 1 49 199.62 2 37 751.867
4s35p p 1 49 205.95 3 37 757.449
4s36p P 1 49 211.72 '
i:ggp 1?: i 49 217.02 4s5d D 1 42 743.002
48391’ R 49 221.87 2 42744.716
p P 1 49 226.35 3 42 747.387
4s40p 'p 1 49 23045
4s41p ;P° 1 49 284.28 4s6d D 1 45 049.073
4542p P° 1 49 237.82 2 45 050.419
4s543p lpe 1 49 241.09 3 45 052.374
4s44p pe 1 49 244.13
4s45p p° 1 49 246.98 4s7d D 1 46 301.973
4546p 'p 1 49 249.61 2 46 303.649
4s47p p 1 49 252.08 3 46 306.059
4548p lpe 1 49 25441
4s49p Ipe 1 49 256.56 4s8d D 1 47 036.225
4s50p lpe 1 49 258.60 2 47 040.007
4s51p 'p 1 49 260.51 3 47 045.241
4552p lpe 1 49 262.30
4s53p lp 1 49 263.99 459d D 1 47 752.655
4s54p pe 1 49 265.59 2 47 1757.286
4s55p 1pe 1 49 267.10 3 47 765.697
4s56p lpe 1 49 268.52
4s5Tp lpe 1 49 269.88 4s10d D 1 48 031.58
4s58p Ipe 1 49271.14 2 48 033.23
4s59p lpe 1 49 272.85 3 48 036.212
4s60p pe 1 49 273.50
4s61p lpe 1 49 274.60 4s11d D 1 48 258.30
4562p pe 1 49 275.62 2 48 258.84
4s63p pe 1 49 276.61 3 48 260.29
4s64p pe 1 49 277.55
4s65p 'p 1 49 278.44 4s12d D 1 48 433.01
4s66p P 1 49 279.30 2 48 433.46
4s67p pe 1 49 280.10 3 48 434.47
4568p p 1 49 280.88
4569p p 1 49 281.62 4513d D 1 48 568.66
4s70p p 1 49 282.3} 2 48 568.95
4sT1p lpe 1 49 283.01 3 48 569.51
4s72p pe 1 49 283.67
4s73p pe 1 49 284.30 4s14d D 1 48 675.42
4sT4p p° 1 49 284.88 2 48675.65
4575p p° 1 49 285.46 3 48 676.09
4sT6p lpe 1 49 286.00
4s77p Ip 1 49 286.54 4s15d D 1 48 760.88
4sT8p pe 1 49 287.05 2 48 761.20
4579p p° 1 49 287.57 3 48 761.31
Ca1l (%8y,9) Limit 49 305.95 4s16d D 1 48 823.37
2 48 829.95
4snp lpe 1 48 933477 3 48 830.47
.................................................................................................... 4sl7d 3D 1 48 88690
4s3d D 1 20 335.360 2 48 886.75
2 20 349.260 3 48 887.04
3 20 371.000
(Continued)
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68 J. SUGAR AND C. CORLISS
Ordered by series—Continued
Configuration Term Level Configuration Term J Level
(cm™") (cm™)
4518d 1)) 1 48 934.10 4s7d D 2 46 200.13
2 48 934.04 4s8d p 2 46 948.98
3 48 934.32 459d D 2 47 812.39
4510d D 2 48 083.41
4519d D 1 48 973.80 4511d p 2 48 290.85
2 48 973.95 4s12d D 2 48 451.73
3 48 973.92 4513d D 2 48 578.32
4s14d D 2 48 678.97
4520d D 1 49 007.59 4515d D 2 48 760.14
2 49 007.58 4516d p 2 48 827.05
3 49 007.70 4517d p 2 48 882.37
4518d D 2 48 928.79
4s21d D 2 49 036.40 4519d p 2 48 968.10
4522d D 2 49 061.23 4520d p 2 49 001.66
4s23d D 2 49 082.83 4s21d D 2 49 030.55
4s24d D 2 49 101.51 4522d D 2 49 055.62
4525d D 2 49 118.24 4523d D 2 49 077.48
4526d D 2 49 132.77 4524d p 2 49 096.52
4s27d D 2 49 145.66 4525d p 2 49 113.41
4528d D 2 49 157.39 4526d D 2 49 128.34
4s29d 3D 2 49 167.55 4s27d D 2 49 141.63
4530d p 2 49 177.18 4528d D 2 49 153.49
4s31d D 2 49 185.24 4529d D 2 49 164.12
4s32d D 2 49 193.06 4530d D 2 49 173.70
4s33d ’p 2 49 199.93 4s31d p 2 49 182.36
4s34d D 2 49 206.17 4s32d p 2 49 190.17
4s35d D 2 49 212.01 4533d p 2 49 197.30
4536d D 2 49 217.18 4s34d p 2 49 203.78
4s37d D 2 49 222.06 4$35d D 2 49 209.68
45384 D 2 49 226.56 4536d D 2 49 215.11
4539d D 2 49 230.54 4537d p 2 49 220.10
4540d D 2 49 234.47 4538d D 2 49 224.70
4s41d D 2 49 237.82 4539d D 2 49 228.92
4s42d 53)) 2 49 241.09 4540d D 2 49 232.81
4543d D 2 49 244.26 4s41d D 2 49 236.45
4s44d D 2 49 247.04 4s42d D 2 49 239.80
4s45d D 2 49 249.56 4543d p 2 49 242.93
4s46d D 2 49 252.10 4sddd D 2 49 245.80
4547d 5D 2 49 254.43 4545d D 2 49 248.52
4548d )] 2 49 256.55 4546d p 2 49 251.05
4549d D 2 49 258.65 4547d D 2 49 253.40
4s50d D 2 49 260.64 4548d p 2 49 255.64
4s51d D 2 49 262.42 4549d D 2 49 257.74
4552d D 3 49 264.19 4550d 'p 2 49 259.68
4553d D 2 49 265.60 4s51d D 2 49 261.51
4s54d D 2 49 267.18 4s52d D 2 49 263.31
4s55d D 2 49 268.57 4553d D 2 49 264.77
4s56d D 2 49 270.01 4s54d D 2 49 266.36
4557d D 2 49 271.25 4s55d D 2 49 267.84
4s58d D 2 49 272.49 4s56d 'D 2 49 269.33
4559d D 2 49 273.53 4s57d p 2 49 270.40
4560d k) 2 49 274.52 4558d D 2 49 271.79
4559d D 2 49 273.09
Ca1l (%8,,5) Limit 49 305.95 4560d D 2 49 274.29
4s61d b)) 2 49 275.58
4s3d p 2 21 849.634 4562d D 2 49 275.87
4s4d p 2 37 298.287
4sbd D 2 42919.053 || Ca1 (3S) Limit 49 305.95
4s6d p 2 44 989.830
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ATOMIC ENERGY LEVELS OF POTASSIUM THROUGH NICKEL 69
Ca1: Ordered by series—Continued
Configuration Term Level Configuration Term J Level
(cm™) (em~)

4s5s %s 1 31 539.495 4529s Is 0 49 151.59
4s6s ’s 1 40 474.241 4330s 15 0 49 162.47
4sTs ) 1 43 980.767 4s31s s 0 49 172.43
4s8s ) 1 45 738.684 4532s 15 0 49 181.49
4s9s 33 1 46 748.283

4510s 33 1 47 382.048 Can (38,,,) Limit 49 305.95
4s1ls 33 1 47 806.20

45125 ) 1 48 104.02 3d 4p 3pe 2 35 780.454
4513s S 1 48 321.14 3 35 818.713
4s14s 38 1 48 484.30 4 35 896.889
4515s 35S 1 48 609.75

4516s ’S 1 48 708.82 3d 4p Ipe 2 35 835.413
4517s S 1 48 788.03

4518s ’S 1 48 852.58 3d 4p 3pe 1 38 192.892
4519s 33 1 48 905.60 2 38 219.118
4520s ’s 1 48 949.88 3 38 259.124
4521s ’s 1 48 987.35

45225 83 1 49 019.13 3d 4p spe 0 39 833.382
4523s S 1 49 046.22 1 39 385.822
4s24s 8S 1 49 069.82 2 39 340.080
4525s ) 1 49 090.40

4526 3s 1 49 108.15 3d 4p Ipe 3 40 537.893
4s27s 38 1 49 124.02

45285 i) 1 49 138.06 3d 5p pr 1 51709.5
4529s S 1 49 150.30 2 51 784.6
4s30s %S 1 49 161.54 3 51 762.0
4s31s 38 1 49 171.42

4532 S 1 49 180.48 3d 5p 3pe 1 51 908.
4533s 3s 1 49 188.37

4s34s %S 1 49 195.64 3d 5p Ipe 1 53 100.
45353 3S 1 49 20247 || errereeerresseeene i
4536s ) 1 49 208.53 3d 6p §D° 1 56 254.

3dp D* 1 58 798.92
Ca 11 (38,2) Limit 49 305.95 3d 8p zD" 1 60 046.13
3d 9p D 1 60 807.28
4sbs 'S 0 33 317.264 3d 10p e 1 61 306.65
4565 'S 0 40 690.435 3d 11p pe 1 61 652.25
457s s 0 44 276.538 3d 12p pe 1 61 901.04
458s 's 0 45 887.200 3d 13p D 1 62 084.92
4s9s 'S 0 46 835.055 3d 14p ’Dr 1 62 223.68
4510s s 0 47 437.471 3d 15p pe 1 62 331.04
4s11s IS 0 47 843.76 3d 16p pe 1 62 416.47
4512s s 0 48130.75 3d 17p pr 1 62 486.45
4513s 'S 0 48 340.75 3d 18p D 1 62 539.39
4s14s s 0 48 499.14 3d 19p 3pe 1 62 587.83
4515s s 0 48 621.53 3d 20p D 1 62 626.03
45165 's 0 48 718.02 3d 21p pe 1 62 660.15
4s17s 'S 0 48 795.46 3d 22p ’D° 1 62 686.88
4518s 'S 0 48 858.59 3d 23p ’p° 1 62 713.24
4519s s 0 48 910.65 3d 24p pe 1 62 734.25
4s20s 1S 0 48 954.13 3d 25p pe 1 62 753.60
4s21s 'S 0 48 990.83 3d 26p De 1 62 769.47
45225 's 0 49 022.02 3d 27p Sp° 1 62 783.86
45233 15 0 49 048.85 3d 28p pe 1 69 797.46
45245 IS 0 49 071.99 3d 29p D 1 62 808.51
45255 s 0 49 092.19 3d 30p pr 1 62 818.76
45265 s 0 49 109.85 3d 31p 3pe 1 62 827.75
4527s s 0 49 125.44 3d 32p D 1 62 836.22
45285 s 0 49 139.31 3d 33p pe 1 62 843.72
(Continued)
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Ordered by series—Continued

J. SUGAR AND C. CORLISS

Configuration Term Level Configuration Term Level
(cm™h) (cm™h)
3d 34p ’D° 1 62 850.62 3d 6p pe 1 56 651.
3d 35p D° 1 62 856.56 3d Tp lpe 1 59197,
3d 36p De 1 62 862.60 3d 8p lpe 1 60 200.
3d 37p pe 1 62 867.87 3d 9p Ipe 1 60 973.6
3d 38p pe 1 62 872.69 3d 10p pe 1 61 428.1
3d 39p D 1 62 876.98 3d 11p lpe 1 61747.2
3d 40p D 1 62 881.94 3d 12p pe 1 61 980.49
3d 41p 3pe 1 62 884.77 3d 13p pe 1 62 154.62
3d 42p *De 1 62 889.00 3d 14p pe 1 62 288.02
3d 43p pe 1 62 891.65 3d 15p pe 1 62 392.01
3d 44p De 1 62 894.65 3d 16p pe 1 62 478.26
3d 45p 3pe 1 62 897.57 3d 17p ipe 1 62 548.16
3d 46p Spe 1 62 900.09 3d 18p p 1 62 602.72
3d 47p Spe 1 62 902.75 3d 19p lp- 1 62 648.37
3d 48p 5pe 1 62 904.95 3d 20p p 1 62 690.32
3d 49p e 1 62 906.98 3d 21p pe 1 62 721.80
3d 50p pe 1 62 908.88 3d 22p lpe 1 62 750.58
3d 51p D 1 62 910.88 3d 23p p 1 62 774.75
3d 52p pe 1 62 912.67 3d 24p pe 1 62 795.55
3d 53p ’D° 1 62 914.47 3d 25p Ipe 1 62 814.13
3d 54p pe 1 62 915.91 3d 26p pe 1 62 830.67
3d 55p pe 1 62 917.83 3d 27p lpe 1 62 845.27
3d 56p Spe 1 62 918.80 3d 28p lpe 1 62 858.11
3d 57p De 1 62 920.32 3d 29p lpe 1 62 869.38
3d 58p D° 1 62 921.43 3d 30p p 1 62 879.48
3d 31p Ipe 1 62 889.00
Cat (*Dyy) Limit 62 956.15 3d 32p lpe 1 62 897.57
3d 33p pe 1 62 904.95
3d 6p 3pe 1 56 532.63 3d 34p pe 1 62 911.51
3dTp Spe 1 59 010.87 3d 35p Ipe 1 62 917.83
3d 8p spe 1 60 150.26 3d 36p 'p 1 62 923.62
3d 9p Spe 1 60 869.28 3d 37p p 1 62 928.81
3d 10p 3pe 1 61 945.74 3d 38p p 1 62 933.61
3d 11p Spe 1 61 676.62 3d 39p p 1 62 938.02
3d 12p Spe 1 61 916.88 3d 40p 'p 1 62 942.10
3d 13p Spe 1 62 097.08 3d 41p p 1 62 945.88
3d 14p pe 1 62237.12 3d 42p pe 1 62 949.34
3d 15p Spe 1 62 351.93 3d 43p p 1 62 952.58
3d 16p spe 1 62 443.64 3d 44p p 1 62 955.57
3d 17p Spe 1 62 511.97 3d 45p p 1 62 958.38
3d 18p spe 1 62 584.50 3d 46p 'p 1 62 961.01
3d 19p spe 1 62 628.76 3d 47p pe 1 62 963.43
3d 20p ’p° 1 62 671.51 3d 48p Ipe 1 62 965.72
3d21p spe 1 62 711.37 3d 49p ipe 1 62 967.84
3d 22p P 1 62 736.10 3d 50p 1pe 1 62 969.89
3d 23p P 1 62 762.86 3d 51p 'pe 1 62 971.78
3d 24p ’pe 1 62 787.31 3d 52p Ipe 1 62 973.55
3d 25p °P* 1 62807.90 | 3453p 1pe 1 62 975.23
3d 26p Spe 1 62 824.17 3d 54p 'pe 1 62 976.81
3d 27p spe 1 62 838.45 3d 55p pe 1 62 978.26
3d 28p pe 1 62 853.79 3d 56p lp 1 62 979.72
3d 29p spe 1 62 863.99 3d 57p p 1 62 981.03
3d 30p pe 1 62 875.40 3d 58p pe 1 62 982.35
3d 31p spe 1 62 884.77 3d 59p p 1 62 983.48
3d 32p fpe 1 62 893.66 3d 60p lp 1 62 984.63
3d 33p Spe 1 62 901.85 3d 61p lpe 1 62 985.70
Ca1 (®D;/y) Limit 63 016.84 Ca1l (°D;) Limit 63 016.84
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ATOMIC ENERGY LEVELS OF POTASSIUM THROUGH NICKEL 71
Car: Ordered by series—Continued
Configuration Term J Level Configuration Term J Level
(cm™Y) (cm—Y)
4p* ’p 0 38 417.543 4s16f pe 3 48 872.20
1 38 464.808 4s17f 1pe 3 48 921.95
2 38 551.558 4s18f iF 3 48 963.67
4s19f F* 3 48 998.89
4p? D 2 40 719.847 4s20f Ipe 3 49 028.93
4s21f e 3 49 054.80
4p? 's 0 41 1786.276 4s22f e 3 49 077.20
.................................................................................................... isgz 11,12 g 49 096.74
s ° 49 113.85
4s4f *pe 2 42 170.214 4s25f lpe 3 49 129.00
3 42 170.558 4s26f Fe 3 49 142.38
4 42 121.026 4s21f 'Fe 3 49 154.29
4s28f IFe 3 49 164.99
4s5f 3Fe 2 44 762.620
3 44 762.839 || Ca1 (3S,5) Limit 49 305.95
4 44 763.118
4sbg G 5 44 874.86
4s6f 3pe 2 L6 164644 || e e
3 46 164.785 4sbg e’ 4 44 875.95
4 46 164.971 4s10g iG 4 48 202.2
4s1lg G 4 48 394.3
457 ’F 2 47006194 || 4s12g 'G 4 48 540.1
3 47 006.280 4513g G 4 48 653.7
4 47 006.400 4sl4g e 4 487434
4s8f Spe 2 47550214 || Cam (3S;),) Limit 49 305.95
3 47 550.271
4 47 550.871 4s10h iH 5 48 208
4s11h H° 5 48 398.6
4s9f °F° 2 47 921.87 4512k ‘He 5 48 544.2
3 47 921.981 4513k 'He 5 48 657.0
4 47 922.033 4s14h 'He 5 48 7474
4s10f °F° 2 48 187.045 Ca 1 (°8,2) Limit 49 305.95
3 48 187.075
4 48 187.118
3d* °F 2 43 474.827
4511f SFe 2 48 882.70 3 43 489.119
3 48 382.781 4 43 508.088
4 8 382.801
’ 3d* p 0 48 524.093
4s12f Fe 3,4 48 531.04 1 48 537.623
2 48 563.522
4s13f F 4 A8 GUEIE || e s
Can (S,,,) Limit 49 305.95 3d 5s D 2 47 449.083
4s4f 'F° 3 42.343.587 || 3d5s D 1 A7 456.452
4s5f 'F 3 44 804.878 2 47 466.014
4s6f Ipe 3 46 182.399 3 47 475.915
4s7f F 3 | VOO SN A
o e 5 Yy R E— e S
4s9f 'Fe 3 47 924.947 | 3d4d D 1 51 851.74
4s10f Ipe 3 48 188.990 2 51 369.38
4s11f 1o 3 48 384.039 3 51 396.32
4512f 1pe 3 48 532.139
4513F Ipe 3 48 647.30 3d 4d e} 3 51 553.6?
4s14f Ipe 3 48 738.54 4 51 579.0?
4s15F Ipe 3 48 812.09 5 51 611.4?
(Continued)
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Ca1: Ordered by series—Continued
Configuration Term J Level Configuration Term Level
(cm™Y) (cm™)
3d 4d S 1 51 571.7 3d 13f 3pe 1 62 312.63
3d 14f 3pe 1 62 403.22
3d 4d SF 4 53 200.4? 3d 15f spe 1 62 472.14
2 53 214.67 3d 16f 3pe 1 62 533.90
3 53 247.9? 3d 17f 3pe 1 62 578.91
3d 18f 3pe 1 62 617.02
3d 4d p 0 54 282.3 3d 19f spe 1 62 653.99
1 54 288.74 3d 20f 3pe 1 62 683.89
2 54 304.6 3d 21f pe 1 62 707.25
3d 22f 3pe 1 62729.19
3d 5d D 2 56 469.0? 3d 23f ’pe 1 62 748.53
3d 24f 3pe 1 62 764.10
3d 5d 35 1 56 558.9 3d 25f spe 1 62 780.30
3d 261 pe 1 6279419
3d 5d p 0 57 611.2 3d 27f °pe 1 62 806.02
1 57 617.9 3d 28f ipe 1 62 816.51
2 57 638.4 3d 29f Spe 1 62 824.17
3d 30f pe 1 62 884.11
3d 6d p 1 59 368. 3d 31f Spe 1 62 840.23
2 59 391 3d 32f 3pe 1 62 848.77
3d 33f 3pe 1 62 853.79
................................................................................................... 3d 34f 3pe 1 62 861.06
3d 35f pe 1 62 865.89
3dAf ’pe 1 55 902.8 3d 36f 3pe 1 62 871.46
3d5f ’De 1 58 431.31 3d 371 3pe 1 62 87540
3d6f pe 1 59 802.21 3d 38f 8pe 1 62 880.04
3d1f pe 1 60 632.18
3d8f pe 1 61 172.54 Call (*Dy,) Limit 62 956.15
3d9f pe 1 61 543.95
3d 10f pe 1 61 810.68 3dAf 1pe 1 55 982.9
3d 11f pe 1 62 009.17 3d5fF pe 1 58 505.89
3d 12 D 1 62 161.61 3d6f p 1 59 878.52
3d 13f De 1 62 279.33 3d7f Ipe 1 60 709.54
3d 14f pe 1 62 375.29 3d8f pe 1 61251.99
3d 15 De 1 62 453.85 3d9f lp 1 61 622.60
3d 16f pe 1 62 520.06 3d 10f Ipe 1 61 888.22
3d 17f De 1 62 565.68 3d 11f 1pe 1 62 084.92
3d 18f De 1 62 610.75 3d 12f 1p- 1 62 23447
3d 191 p° 1 62 641.52 3d 13f Ipe 1 62 346.47
3d 20f pe 1 62 675.56 3d 14f pe 1 62 433.38
3d 21f pe 1 62 704.43 3d 15 p 1 62 506.62
3d 22f pe 1 62 720.41 3d 16f 1pe 1 62572.66
3d 23f pe 1 62 743.11 3d 17f lp 1 62 625.37
3d 24f pe 1 62 768.10 3d 18f pe 1 62 671.51
3d 28f 3pe 1 62 812.00 3d 20f lpe 1 62 736.10
3d 30f ipe 1 62 832.91 3d 21f pe 1 62 762.86
3d 22f pe 1 62 785.02
Ca 1l (*Dyy) Limit 62 956.15 3d 23f P 1 62 804.38
3d 24f iP" 1 62 820.31
e 3d 25f P 1 62 836.85
gzg, :;g, } ‘2’2 %f: g 1 3d 26f lp 1 62 852.33
3d6f pe 1 59 862.26 3d 35f 'p 1 62 926.36
3d7f pe 1 60 690.27 3d 36f pe 1 62 931.29
3dsf ’pe 1 61 228.65 3d 31f lp 1 62 935.88
3d9f ’pe 1 61 596.69 3d 38f tpe 1 62 939.79
3d 10f ipe 1 61 859.22 3d 39f lpe 1 62 943.85
3d 11f 3pe 1 62 052.49
3d 12f pe 1 62 198.92 Ca 1 (*Ds5) Limit 63 016.84
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ATOMIC ENERGY LEVELS OF POTASSIUM THROUGH NICKEL 73

Ca1. Ordered by series—Continued

Configuration Term J Level Configuration Term J Level
(cm™1) (cm™Y)
4p5s Spe 1 57 469. 3p° (°P35)4s° Bs LEA ! 257 787
4pbs 3pe 1 64 977. 3p°(®P3,5)4s” 6s %10 1 267 417
4pTs §P° 1 68 913. 3p°(%P%/5)4s% s %1° | 1 271 245
4 o
4”33 gg, 1 70 787. 355 (2P, 5)4s% 95 A 274 276
pOs 1 71 868. 5,20 4.2 253/ 0
4p10s 3pe 1 72411 3p°(“Pg/2)4s™ 10s (%) 1 274 777
dplls °p° 1 72 871. o -
4;23 3pe 1 79 248 Ca I 3p°4s% ?P3,, Limit 276 750
4p13s Spe
P e 1 73 444. 3p5(2P3, ) 4% Bs g | 1 260 193
ipl4s P 1 73 622. 3p°(°P} 5)ds? Bs hye | 1 269 706
4p15s 3pe 1 73 742. P2 ( Pin)ds L2l
4p16s 3pe 1 79 859, 3PS (%P5 ,9)45% s [%] 1 273 598
\ 3p°(%P3)5)4s% 11s B 1 277 991
Can (?P,,5) Limit 74 497.46 3p:(:Pi’/2)4s; 12s 1l 1 278 302
3p°(’P;5)4s” 135 e A ! 278 534
4pbs 1P° 1 57 960. 3p°(°P35)4s” 14s %1 1 278 702
4pbs P 1 65 445.
4pTs :P° 1 69 247. Ca 11 3p°4s* P54 Limit 279 530
4p8s P° 1 71 001.
4p9s pe 1 72 007. 3p°(%P%,5)4s® 5d LA ! 270 889
4p10s lp 1 72 655. 3p°(®P;,)4s” 6d %100 1 273 134
4plls p 1 78111, 3p°(®P30)4s° Td %11 278 959
4p12s pe 1 73 444 3p°(?P3,)4s” 8d LA 274 652
4p13s 1p 1 73 693. 3p°(*Pg5)4s% 9d %10 1 275 972
4plds Ipe 1 73 852. 3p°(*P%5)4s” 10d %10 | 1 275 508
4pl5s p 1 73 969. 3p°(?P3,5)4s° 11d %1 1 275 726
3p°(®Pg,5)4s” 12d %) | 1 275 898
Ca 11 (?Py,) Limit 74 720.35 3p°(2P%,5)4s° 13d 2% | 1 276 038
3pz(:P§,2)4s: 14d 2[3/2]*’ 1 276 138
31900 3p°(?P3/5)4s” 15d %10 1 276 21
4pid Dol 6255297 | g sprast16d | %10 | 1 276 283
4p4d 8pe? 1 62 55745
................................................ Ca II 3P54S2 2P§/2 Li”lit 276 750
5/ 2po 2 273 10
4pdd Py |1 6256172 | P, Pin)ds 5d Ll 1 274 040
1pe 3p ( P1/2)48 d [/2] 1 276 631
3p5d P 1 66 578. 5210 2 287 10
obd Ipe 1 69 649 3p°(*P5,5)4s” 8d EA 1 277 430
Lp 43. 305 (2P* ) 452 9d 273/ 70
4p7d 1pe 1 71 297 3p°(°P1/s)4s [%] 1 277 917
4p8d 1pe 1 79 939, 3p° (%P5 5 )4s? 10d %10 1 278 228
4p0d ipe 1 79871 3p°(?P; 3)4s% 11d AR ! 278 469
4p10d 1pe 1 73 248, 3p°(°P3,5)4s” 12d %1 1 278 647
P e : 3p°(?P%,5)4s% 13d | 1 278 796
4plid P 1 78517, Rt e gta2d
ap12d 1pe 1 73 742 3p° (%P} 5)4s” 14d EA 1 278 900
: 3p:(zP§,2)4s: 15d 2 [:/2]° 1 278 983
2 - 3p°(°P35) 4s” 16d )| 1 279 050
Ca 1t (“Pg/p) Limit 74 720.35 3p°(?P} 5)ds? 17d 28,7 1 279 117
3p° 4s” 3d P 1 200 096 Ca 11 3p°4s2 %P5, Limit 279 530
3p° 4s° 3d De 1 218 991
3p°® 4s* 3d 1pe 1 253 310
3p° 4s® 4d Spe 1 255 022
3p° 4s® 4d p° 1 267 956
3p° 4s? 4d lp 1 270 640
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Canm

Z=20
Ar 1 isoelectronic sequence

Ground state: 15225s%2p®3s23p®'S,

Ionization energy = 410 642+2 cm~' (50.9135+0.0002 eV)

The first observations and analysis of Ca 11 were car-
ried out by Bowen (1928). He measured the spectrum in
the range 400-4000 A and determined levels in the con-
figurations 3p°3d, 4d, 4s, 4p, and 5s. A much more exten-
sive analysis has since been completed by Borgstréom
(1968, 1971), who has remeasured the spectrum from
440-9640 A. His designations and level values are given
here. The uncertainty in the values given with two deci-
mal places is £0.1 A, and those with one decimal place,
+0.5 A. He has also determined the ionization energy
from the ng series.

Hansen, Persson, and Borgstrom (1975) found the
3s3p®3d configuration, which strongly interacts with the
3p°nf series, and added two levels to 3p°6p. They re-
ported the percentage compositions given here for the
3s%3p°5p, 6p, 4f, 5f, 6f, and 3s3p*®3d configurations with
configuration interaction. The percentages for 3p°4p in
LS coupling are from Borgstrom (1971).

The two 'P} levels from 3s3p®p and 5p were deter-
mined by Kastner, Crooker, Behring, and Cohen (1977).

Schmitz, Breuckmann, and Mehlhorn (1976) reported
the discovery of 3p*4s? but their identification has been
shown by Pejcev, Ottley, Rassi, and Ross (1978) to be
incorrect.
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Ca m
Configuration Term J Level Leading percentages
(cm™")
3s® 3p° S 0 0.00
3s® 3p° 3d 3pe 0 203 873.22
1 208 851.95
2 204 842.64
3s% 3p° 3d 3pe 4 212 810.04
3 213 379.40
2 214 384.06
3s% 3p° 3d pe 2 225 826.22 .
3s® 3p° 3d pe 3 226 833.56
2 297 388.56
1 297 432.11
3s® 3p° 3d pe 3 298 413.95
3s? 3p° 4s 3pe 2 242 547.19
1 243 930.44
0 245 611.88
3s” 3p° 4s pe 1 247 696.39
3s23p° 4p 38 1 272 188.70 98
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ATOMIC ENERGY LEVELS OF POTASSIUM THROUGH NICKEL 77
Ca nm—Continued
Configuration Term Level Leading percentages
(em™)
3s% 3p° 4p D 3 277 022.40 100
2 277 380.86 m
1 278 621.01 83
3s? 3p° 3d lp 1 279 353.64
3s? 3p° 4p D 2 279 741.80 57
3s” 3p° 4p p 1 281 139.55 57
3s% 3p° 4p p 2 281 882.24 63
0 282 075.15 98
1 282 571.43 64
3s? 3p° 4p IS 0 290 934.30 98
3s? 3p° 4d Spe 0 322 663.98
1 328 003.56
2 323 655.06
3s? 3p° 4d Spe 4 824 110.24
3 324 660.47
2 325 467.67
3s? 3p° 4d pe 3 226 186.32
3s? 8p°(*Pg5)5s 2311 2 327 922.87
1 328 582.45
3s? 3p° 4d e 1 327 962.11
3 328 588.76
2 328 606.78
3s? 3p° 4d D 2 228 090.99
3s% 3p°(%P5,2)5s LRI 231 048.86
1 331 403.20
3s? 3p° 4d pe 1 336 749.11
3s% 3p°(%P%,5) 5p 2] | 1 339 198.09 91 9 (®P3/0) 2 %)
0 343 110.24 75 25
3s? 3p°(2P;,5)5p 2[%] 3 340 580.15 100
2 340 748.72 90 8 (*P30) %[ %]
3s% 3p°(*Py)5p %% | 1 341 349.19 % Py "1 %)
2 341 601.46 9 (*P32) *[%])
3s* 3p°(*P;,5)5p A 1 343 784.96 95 4 (®P3/2) *[%]
2 344 149.81 97
3s% 3p°(2P,5)5p 2 %) 1 344 257.92 90 9 (®P30) 2]
0 346 692.34 75 25
3s” 3p°(*Py ) 4f %1 | 1 346 732.19 99
2 346 896.26 90 8 (*P2) 2 %)
3s? 3p°(%P5,0)4f 2(%) 5 347 344.37 100
4 347 383.51 100 (Continued)

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



78 J. SUGAR AND C. CORLISS

Ca mi—Continued

Configuration Term J Level Leading percentages
(cm™)
3s% 3p°(°P3,0)4f 2[%] 3 347 417.05 93 6 (2P3,5) [ %)
2 347 758.22 88 9 (*P3,5) 2[%]
3s? 3p° (2P0)4f A 3 348 028.13 97
4 348 051.86 97
3s% 3p°(°P; ) 4f 2% 3 350 741.19 93 7 (2P%)9) 2[%]
2 350 900.04 96 4 (%Ps) 2 %)
3s% 3p°(°P; ;) 4f 2[%] 3 350 779.47 97
4 350 805.32 98
352 3p°(2P5,)5d %11 0 358 940.91
1 359 156.83
3s? 8p°(*P3,5)5d %1 | 2 359 520.60
1 361 794.08
3s” 3p°(®P3,5)5d AR 359 543.08
3 259 800.57
3s? 3p°(*P3,5) 5d %1 | 2 360 207.16
3 360 388.68
3s? 8p°(*P35)6s %10 | 2 361 154.07
1 361 353.81
3s? 3p°(*P3,5)5d %1 | 2 362 893.47
3 363 118.75
3s? 3p°(*P} ) 5d %1 | 2 363 021.27
1 365 363.88
3s% 3p° (%P} ) 65 %B1e] 0 364 229.89
1 364 343.85
3s3p® 3d D 1 366 778.85 65 3 3p°(*P3,5) 5 [ %]
2 366 926.33 55 17 3p°(*P3,5)6p [ %)
3 367 472.91 53 24 3p°(*P%,,)6p (%)
3% 3p°(*P§,5)6p (%] 3 367 026.65 75 18 3s3p%3d °D
3s? 3p°(2P3,5)5f %) 5 370 141.77 100
4 370 172.43 100
3s% 3p°(*P3,2) 5f 2% | 2 370 304.54? 58 34 3p°(2P%5)5F 2[%]
3 371 059.95? 80 17 3s3p°3d °D
3s” 8p°(*P3,5)6p 213, 2 370 454.04 93 6 3p°(*P3,) 5F X[%)
3s% 8p° (*P3,) 5 2] 3 370 515.36 99
4 370 533.07 99
3s? 3p°(%P%,5) bg A 270 901.88
3 870 903.12
3s® 3p°(°P5,2) 5g 000 6 870 957.52
5 370 957.65

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



ATOMIC ENERGY LEVELS OF POTASSIUM THROUGH NICKEL 79

Ca m—Continued

Configuration Term Level Leading percentages
(cm™)
3s” 8p°(%P3,») 5g ()| 3 271 061.30
4 371 061.97
3s® 3p°(*P5,5) 58 %11 4 271 120.69
5 871 121.06
3s% 8p°(2P5,5) 5 2[%] 2 371 274.48? 42 29 3p5(2P§/23) 57 2[%]
1 371 447.58? 67 31 3s3p®3d °D
3% 3p°(*P5 ) 5 2] 3 373 401.87 99
4 373 425.51 99
3s® 8p°(°P3,5)5f 2[%) 2 373 626.85 92 4 3s3p%3d °D
3 373 880.37 91 9
3s” 3p°(%P}5) g %10 4 374 138.90
5 374 189.31
3s® 3p°(*P;,,) g %10 | 4 374 143.44
3 374 143.84
3s? 3p°(2P5,,)6d LA 376 808.60
3 376 883.96
3s3p® 3d D 2 377 168.1 93
3s? 3p° (?P5,)6d %1 | 2 3280 152.21
3 3280 230.50
3s% 3p°(®P3,,) 68 2%1° 1 5 282 190.20
4 283 189.82
3s% 3p° (?P%,) 6f 2% 5 382 565.1 100
4 382 587.9 100
3s% 8p°(?P5,,) 6f A 3 382 784.7 100
4 382 798.5 99
3s% 3p°(*Ps,,) 6f %) 3 382 791.5 99
2 382 852.3 79 19 (®P%) %[ %)
3s” 3p°(*P5,2) 6 (%10 | 2 283 061.93
3 383 063.78
3s° 3p°(°P3,5)6g AN 983 094.79
5 383 095.10
3s” 3p°(*P3,,) 65 %1 | 4 3832 156.51
3 983 157.11
3s” 8p°(°P3,5)6f 2] 3 385 757.6 100
4 385 775.5 100
3s* 3p° (%P3, 6f 29,1 3 385 867.2 99
2 385 906.9 99
3s” 3p° (%P5 ) 6g %)L 4 386 248.39
5 386 248.68
(Continued)
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Ca ui—Continued

Configuration Term Level Leading percentages
(cm™)
3s% 3p° (%P} ) 6g My | 4 386 249.78
3 386 250.31
35 3p°(*P3,5) T 2[%] 5 390 054.0
3s% 3p°(2P5,0) Tf WA 4 390 207.6
3s* 3p°(°P3,0)Tg 2%,1° | 3 390 392.62
3s% 3p°(*P3,0) g 2,10 6 390 411.58
5 390 411.99
8s” 3p°(°P3,2) g %1 | 3 890 451.97
3s” 8p°(*P3/2)Tg %1 | 4 390 471.79
5 290 472.82
3s* 3p°(*P50)Tf 2[7%,] 4 393 224.9
3s° 3p°(°P1,2)Tg %) | 5 993 551.86
4 393 561.59
3s? 3p°(*P3,0) g 2%1° | 4 393 552.81
3 393 552.81
Ca1v (?Py,) Limit 410 642
3s3p® 4p pe 1 431 100
3s3p5 5p Ipe 1 492 850
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Cav

Z=20
Cl 1 isoelectronic sequence

Ground state: 1s?25%2p°®3s23p°’P5,

Ionization energy = 542 600+1000 cm™' (67.27+0.13 eV)

The initial work on the analysis was by Bowen (1928),
who identified the ground term, the 353p®%S level, and
the 3p*(’P)4s P, level. Kruger and Phillips (1937) also
identified the 3p*4s terms from their observations below
350 A.

Levels of 3p*3d *D, ’D, and °F terms and the 3p*4p and
5s levels were reported by Tsien (1939), who worked
with the line list of Ekefors (1931). Svensson and Ekberg
(1968), also using Ekefors’ list, established the
3p*(’P)3d *P term.

A new analysis based on a new set of observations was
provided by Smitt (1978), whose work is still in progress.
He estimates an uncertainty of =2 cm™' for the levels
relative to the ground term and less than +1 cm~! for the
ground term splitting. The new analysis provides three
times the number of previously known levels as well as

some changes of designation and J-values. All levels
compiled here are from this work except for the 3p*5s *D
term retained from Tsien.

The ionization energy was obtained by extrapolation
by Lotz (1967).
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Carv
Configuration Term J Level Configuration Term J Levell
(cm™) (cm™)
3s? 3p° 2p° A 0.0 3s? 3p*('D)3d ’p A 252 286
Yy 2118.2 A 252 903
3s3p° 5 A 152 439.6 3s? 3p*(18)3d D A 269 974
% 270 532
352 3p*(°P)3d D A 201 505
%, 201 747 3s° 3p* (°P)4s ‘p A 291 456
A 202 031 A 292 864
Y, 202 254 Y 294 292
3523p*(*P)3d 4F Y, 218 383 3s® 3p*('D)3d 5 Yy 293 009
yA 219 467
¥, 220 240 3s” 3p*(°P)3d P % 293 872
A 220 741 2 295 133
3s% 3p*(*D)3d ’p A 219 991 3s% 3p*(°P)3d D A 301 218
FA 221 945 ¥ 303 850
3s% 3p*(°P)3d ip Y, 227 214 3s* 3p*(*P)4s P % 301718
% 227 825 Yy 303 604
%, 228 694
352 3p*('D)4s D % 312 517
3s% 3p*('D)3d 2D A 228 436 % 312 650
A 230 119 ;
352 3p*(°P)4p ipe A 330 693
3s* 3p*(°P)3d 2 A 231 288 % 331173
%, 233 851 Uy 331 969
3s? 3p*('D)3d %G % 234 498
7
2 234 642 (Continued)
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Ca rv—Continued
Configuration Term J Level Configuration Term J Levell
(ecm™) (em™)
3s* 3p*(*P)4p ‘D yA 235 122 3s* 3p*('D)4p 2pe % 359 575
/A 395 901 A 361170
% 336 958 )
Y, 337 452 3s3p°(°P°)3d ipe % 267 174
A 367 971
3s* 3p*('S)4s 23 Yy 337 214 A 368 660
A 269 197
3s? 3p*°P)4p ’De % 238 250
% 840 877 3s? 3p*(18)4p 2pe Yo 379 774
£ 3280 043
352 3p*(°P)4p Zpe Yy 238 200
% 338 959 3s3p°(°P°)3d ‘D A 382 641
% 382 97}
3s? 3p'(*P)4p &g Y, 342 567 A 383 125
Y, 983 176
3s? 3p* (°P)4, s ¥ 242 915
s"3pCP)dp S 2 4 35 3p*(\D)5s D % 399 755
3
35% 3p*('D)4p 2 8, 352 154 72 400 956
T
% #2616 Cav (°P,) Limit 542 600
3s* 3p' ('D)4p D° %y 357 941
A 258 306
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Cav

Z=20
S I isoelectronic sequence

Ground state: 15%25s?2p%3523p*°P,

Ionization energy = 681 6001300 cm ™' (84.50+0.17 eV)

Spectra of calcium from 1035-135 A were obtained by
Ekefors (1931) and were supplemented by longer ex-
posures below 600 A by Bowen (1934). From the com-
bined line-lists Bowen derived levels of the config-
urations 3s’3p*, 3s3p> 35™3p°3d, 3s73p’4s, and 3523p’Ss.
By means of isoelectronic comparisons Svensson and
Ekberg (1968) revised and extended the 3p’3d config-
uration.

New measurements of the transition array
3s3p*—3s3p°® by Smitt, Svensson, and Outred (1976) led
to improved values for the levels of these configurations,

with an uncertainty reported as less than 1 cm™'. The
uncertainty of the rest of the level values is =5 cm™".

The ionization energy is an extrapolated value by Lotz
(1967).
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Cav
Configuration Term J Level Configuration Term J Leve}
(cm™") (cm™Y)
3s? 3p* Sp 2 0.0 3s* 3p*(°P°)3d lpe 1 353 220
1 2 404.7
0 3 275.6 3s23p°(*D°)4s De 1 369 590
2 369 696
3s? 3p* 'D 2 18 830.3 3 269 959
3s* 3p* 'S 0 43 836.5 3s? 3p°(*D° ) ds 'p° 2 374 728
3s3p’ P 2 154 670.8 352 3p3(2P° )ds spe 0 987 039
1 156 760.2 1 387 226
0 157 900.5 2 387 652
3s3p° 'p° 1 197 844.5 352 3p°(2P°) s 1p 1 292 283
3s% 3p°(*D°)3d 'D° 2 254 124 3s% 3p%(1S°) 5s 3 1 501 127
3s* 3p*(*D°)3d 'F 3 283 955 352 3p3(%D°) 55 D 1 524 651
2 524 770
3s* 8p%(?D°)3d 5se 1 293 785 3 525 058
3s® 3p°(?P°)3d 3pe 2 298 214 3s? 8p°(*D°) 55 Ipe 2 596 523
1 299 534
0 300 594 3s% 3p%(2P°)5s pe 1 542 249
2 542 650
3s% 3p°(?D)3d p° 1 202 184
3s? 3p°(%P°) s pe 1 544 143
3s? 3p*(*P°)3d D 3 208 188
2 309 831 Ca V1 (*S3,) Limit 681 600
1 210 943
3s? 3p°(*P°)3d pe 2 318 741
3s” 3p%(?P°)3d g 3 329 229
3s? 3p°(18°)4s g 1 350 914
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Cavi

Z=20
P 1 isoelectronic sequence

Ground state: 1522522p%3523p3S3,,

Ionization energy = 877 40022000 cm ™! (108.78+0.20 eV)

The present compilation is obtained from the work of
Ekberg and Svensson (1970) and Smitt, Svensson, and
Outred (1976). The level values for the 3s?3p* and 3s3p*
configurations are taken from the latter paper. They have
an uncertainty of about +2 cm~'. We have combined
these values with the measurements and classifications
given by Ekberg and Svensson to derive new level values
for the 3p?3d and 4s configurations. The uncertainty of
these upper levels is about +10 cm™'. Since no inter-
system transitions have been observed, all of the doublets
have an added systematic error x, relative to the ground
term ‘S°. The value of x depends on the accuracy of
calculations by Smitt, Svensson and Outred and is ex-
pected to fall within =20 cm~".

Most of the wavelengths used by Ekberg and Svensson
are taken from Bowen (1934) or Ekefors (1931).

The ionization energy is from an extrapolation by Lotz
(1967).
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Ca vl
Configuration Term J Level Configuration Term J Level
(ecm™) (cm™)
3s% 3p° ige Y, 0.0 3s* 8p°('D)3d 2p Yo 331 968+ x
%y 333 324+x
3s? 3p° pe % 26 835.1+x
A 27 246.6+x || 3s*3p*('D)3d R % 336 219+ x
A 336 631 +x
3s% 3p° pe Yy 44 586.7+x
A 45 142.7+x | 3s*3p*('S)3d 2p oA 348 819 +x
%, 349 645+ x
3s3p* ‘p % 155 1786.5
% 157 767.5 3s% 3p°(°P)4s ‘p Yy 433 849
Y, 158 830.5 %, 435 286
% 437 392
3s3p* ’D % 193 247.04x
% 193 444.8+x || 35 3p°(°P)4s ’p Yy 442 256 4-x
¥, 444 124+ x
3s3p* 2p A 222 7497+ x \ :
A 2247733 +x || 3s*3p*('D)4s D A 457 294+ x
%, 457 358 +x
3s3p* ) Y, 233 712.8+x
3s® 3p?('S)ds g A 483 882+ x
3s% 3p°(*P)3d p A 294 630+x
A 297 083 4-x Ca vi1 (°Py) Limit 877 400
3s® 3p%('D)3d p A 320 919 +x
% 321 411 +x
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Z=20

ATOMIC ENERGY LEVELS OF POTASSIUM THROUGH NICKEL

Si I isoelectronic sequence

Ground state: 1525%2p®3523p?°P,

Ca v

Ionization energy = 1026 0002000 cm™' (127.2+0.2 eV)

The level values for 3s*3p* and 3s3p® are taken from
Smitt, Svensson, and Outred (1976) who report a level
uncertainty of +2 cm~'. Ekberg and Svensson (1970)

revised and extended the interpretation of the 3p*—3p3d,
4s arrays published by several earlier workers. We have

combined these new classifications with the 3p? levels
given by Smitt et al. The uncertainty for the levels of
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85

3p3d and 3p4sis =10 cm™'. Ekberg and Svensson have
obtained the value for the ionization energy by extrapo-
lation along the isoelectronic sequence.

Ca vi
Configuration Term Level Configuration Term Level
(em™h (cm™)
3s? 3p* p 0 0.0 3s? 3p3d 3pe 2 286 224
1 1624.9 1 288 160
2 4071.4 0 289 004
3% 3p° 'D 2 21 864.0 3s* 3p3d D° 1 295 138
2 295772
3s° 3p® 'S 0 48 981.4 3 296 132
3s3p° pe 1 160 157.5 3s” 3p3d e 3 224 885
2 160 220.8
3 160 529.2 3s% 3p3d p° 1 3393 501
3s3p° pe 0 185 356.6 3s? 3pds spe 0 490 059
1 185 392.9 1 490 919
2 185 412.2 2 494 262
3s3p® D 2 203 616.1 3s® 3pds lp- 1 498 683
3s3p° i8° 1 245 240.5 Ca viit (%P35) Limit 1 026 000
3s3p® p 1 252 489.9
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Ca v
Z=20
Al 1 isoelectronic sequence
Ground state: 1s72522p°3s23p *P3,,

Ionization energy = 1187 6001000 cm™' (147.24%0.12 V)

The doublet terms of 3s?3p and 3s3p? are from Smitt, The ionization energy was determined by Ekberg and
Svensson, and Outred (1976) who report a level uncer-  Svensson from the nf 'F° series.
tainty of 2 cm~%

The remaining terms are derived from the mea- References

surements and classifications of Ekberg and Svensson

(1970). They obtained the position of the 3s3p2*P term by ~ Ekberg, J. O., and Svensson, L. A. (1970), Phys. Scr. 2, 283.
extrapolation of the known data from Al I to Ar VI. Apart Smitt, R., Svensson, L. A., and Outred, M. (1976), Phys. Scr. 13, 293.
from the uncertainty in this extrapolation, the level uncer-

tainty is =10 cm .

Ca v
Configuration Term J Level Configuration Term J Lev_ell
(cm™1) (cm™Y)
3s? 3p 2pe Yo 0.0 3s? 4s 5 Yy 547 322
A 4 308.3
3s3pds ip Yy 688 747 +x
3s3p* ‘p A 129 100+x VA 690 128+x
Yy 130 678 +x % 692 838+x
% 133 042+x
3s% 4d D % 698 232
3s3p® 2p A 171 572.2 A 698 420
%y 171 830.7
352 4f b A 743 288
3s3p* S Yy 216 584.9 A 743 330
3s3p” 2p Yy 231 016.3 3s? 5d D A 885 693
% 238 592.8 A 885 750
3s% 8d ) ¥, 282 356 3s? 5f e % 905 052
A 282 577 (A 905 087
3 15 Y, 845 27 +x 3s® 6d D A 979 749
» ° * %y 980 089
3s3p3d ipe % 408 227 +x ) o 5
3s% 6 F %y 991 023
% 409 291 +x ! A 991 028
3s3p3 ‘D Y, 11 816+x .
. | s | ®T o b | 1w
% 412 772+ x 2
T
h H2881+x i 0,y Limit 1187 600
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Caix

Z=20
Mg 1 isoelectronic sequence

Ground state: 1s%572p®3s?'S,

Ionization energy = 1520 6404500 cm™~' (188.54+0.02 eV)

Most of the levels for this spectrum are taken from the
publication by Ekberg (1971) who estimates a level uncer-
tainty of =10 cm~'. The identification of the 3s5f 'F3 has
been revised by Edlén and Bodén (1976).

The 3p*'S term and the 3p3d levels are from Fawcett
(1970). The 3p4flevels are from Fawcett (1976).

No intersystem transition has been observed. An inter-
polated value for the 3s*'S;—3s3p *P} resonance line of
Ca 1x of 691.2 A was given by Finkenthal et al. (1982),
who observed this transition in a tokamak plasma for Sc
x, Ti X1, V x11, Cr x111, and Fe xv. The uncertainty for Ca
IX is probably +0.5 A, or 100 cm~' for the *P¢ level.

The ionization energy was calculated from the first
three members of the 3snf °F° series (n =4, 5, and 6).
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Ca 1x
Configuration Term J Level Configuration Term J Level
(cm™) (cm™
3s? IS 0 0 3s4s s 0 774 480
3s3p Spe 0 143 176 +x 3sdp pe 1 832 314
1 144 675 +x
2 147 91%+x 3s4d p 1 917 200 +x
2 917 314+x
3s3p lpe 1 21} 482 3 917 528+ x
3p? D 2 336 245 3s4d D 2 921 921
3p? 5p 0 339 963 +x 3pds Spe 0 941 471 +x
1 341 872+x 1 942 658+x
2 345 472 4 x 2 946 378+ x
3p* 's 0 398 900 3sdf Spe 2-4 954 594+ x
3s3d D 1 412 0784x 3s4f e 3 963 050
2 412191 +x
3 412 405+x 3pdp D 2 1005 234 4-x
3 1008 574 +x
3s3d D 2 467 631
3pdp °p 0 1010 894 4«
3p3d 3pe 2 563 714 +x 1 1012 084+x
3 565 7% +x 2 1014 384+x
4 568 194 +x
3pdp ) 1 1015 624 +x
3p3d pe 2 571 900
3s5s S 1 1 068 804 +x
3p3d D° 2 601 204 +x
3 602 704 +x 3sbs Is 0 1076 110
3p3d 1pe 1 618 520 3pad *D° 1 1090 82%+x
3sds 38 1 760 538 +x 3s5p pe 1 10975720
(Continued)
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Ca 1x—Continued
Configuration Term J Level Configuration Term J Level
(ecm™1) (cm™Y
3p4f K¢l 5 1127 004+x 3s6d D 1 1259 644 +x
2 1259 824 +x
3pdf 3F 3 1127 184 +x 3 1260 016+x
4 1130 494+«
3s6d D 2 1 260 390
3s5d p 2 1139 810
3s6f e 2-4 1270 614+x
3s5d D 1 1145 234 4x
3 1145 854+x 3sTp pe 1 1315 300
3100 _
3s5f F 24 11596 +x || 3s1q D 1-3 1331 324+
10
3s5f F 3 1162610 3s8d 3D 1-3 1876 894 +x
3
3s6s S 1 121978442 | g% (%,,,) Limit 1520 640
3s6p pe 1 1235 830
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Cax

Z=20
Na 1 isoelectronic sequence

Ground state: 15s?25%2p°®3s %S, ,

Ionization energy = 1704 04750 cm™' (211.277£0.006 eV)

The publications by Edlén and Bodén (1976), by
Fawcett (1976), and by Cohen and Behring (1976) pro-
vide considerable extensions of the early work of Kruger
and Phillips (1939) on this spectrum. We have quoted
level values from Edlén and Bodén and added the higher
nf series members (n =10-11) from Cohen and Behring.
The uncertainty in these level values is =50 cm™!, The
measurements of the high members of the nf series by
Fawcett do not agree well with the Ritz formulae given
by Edlén and Bodén.

The value for the ionization energy was derived by
Edlén (1978) from core polarization theory applied to the
nf series.
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Cax
Configuration Term J Level Configuration Term J Levell
(cm™Y) (cm™)
2p°(’S)3s 2s Y 0 2p°('S)6d p A 1 389 840
A 1 389 870
20%(1S)3p 2pe Yy 174 218
A 179 287 2p°(1S)6f 2pe A 1898 330
P 1898 440
2p°(*S)3d D A 417 112
EA 417 522 2p°(1S)7s g Yy 1448 710
2p%(18)4s s Yy 832 790 2p°('S)p 2pe Yo, o 1459 920
20°(1S)4p Zpe Y, 899 290 2p8(18)7d D %, 1474 040
A 901 200 A 1 474 090
2r%(18)4d ) ¥, 987 300 208(18)7f 2pe A 1479470
A 987 490 A 1479540
20°5('8)4f 2pe VA 1016 100 2p°(’S)8s &S Y, 1511780
P 1016 150
2p°(1S)8p 2pe A 1519 200
2p°(18)5s S Yy 1174710
2p°(’S)8d ’p A 1 528 490
2p8(*8)5p 2pe Yy 1206 850 A 1 528 510
%, 1207 760
2p5(*S)8f 2pe VA 1532290
2p°(18)5d D % 1248 920 /A 1532 390
%% 1 249 030
2p°(*S)9p Zpe A 1559 260
205(*S) 5 2p° %, 1968 690
A 1263720 2p°(1S)9d ’p 3% 1 565 730
2p°('S)6s ’s Yy 1348 380 2p°('S)9f 2pe %, 1568 390
PA 1568 420
205(*S)6p Zpe Yy 1366 360
% 1366 890 2p°(18)10d E)) A 1 592 260
(Continued)
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Ca x—Continued

Configuration Term Level Configuration Term Level
(cm™) (cm—1)
2p8(’8)10f Zpe %y 1594 230
i 1594 330
208(1S)H11f 2p- A 1613 480
% 1613 600
Ca x1 ('Sy) Limit 1704 047
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Ca xi

Z=20
Ne I isoelectronic sequence

Ground state: 15725?2p%'S,

Ionization energy = 4 774 0003000cm ™" (591.9+0.4 eV)

Only resonance lines between 25 and 36 A are classified
by this rare-gas-type system of energy levels. Edlén and
Tyrén (1936) identified 11 transitions and derived a value
for the ionization potential by extrapolation, which
agrees well with the present value. Their level uncer-
tainty is probably £1000 cm™'.

Kastner, Behring, and Cohen (1975) identified transi-
tions between 2p°3p and 2p°4d, but there is no connection
with the levels given here.

We derived the ionization energy from the
25%2p°nd *Df series for n =3 and 4, with the change in
quantum defect An* taken from Ti XIII.
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Ca x1
Configuration Term J Level Configuration Term J Level

(cm™) (em™)
2s% 2p° s 0 0 2s2p° 3p lpe 1 3 708 900
25% 2p° 3s 3pe 1 2 810 900 25% 2p° 4s pe 1 2 753 900
2s% 2p° 3s 1pe 1 2 839 900 25% 2p° 4s lp 1 2 781 900
257 2p° 3d 3pe 1 3 199 300 2s® 2p° 4d De 1 3919 000
2¢% 2p° 3d 3pe 1 3239 700 2s% 2p° 4d Ipe 1 3 948 400
2s* 2p° 3d lpe 1 3 284 300 Ca x11 (?P5) Limit 4774 000
2s2p° 3p 3pe 1 3 692 900
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Ca xu

Z =20
F 1 isoelectronic sequence

Ground state: 1s2522p° *P3,,

Ionization energy = 5 301 000410000 cm ™' (657.2+1.3 eV)

The first work on this spectrum was by Edlén and
Tyrén (1936), who classified 10 lines of the
2572p®—252p*3s and 3d transition arrays between 27 and
33 A. This work was extended by Feldman, Doschek,
Cowan, and Cohen (1973), from whose wavelengths the
3s and 3d levels are determined. The uncertainty in their
levels is =£1000 cm~'. Fawcett, Burgess, and Peacock
(1967) identified the 25*2p°—252p° doublet at ~ 140 A.
The improved measurements by Kaufman, Sugar, and
Cooper (1982), which give a level uncertainty of 50 cm ™',
are used here. The 25?2p° ’P° term interval is obtained
from the solar flare line at 3327.5+0.5 A (in air) identified
by Edlén (1942, 1976), giving an uncertainty in this inter-
val of =5 cm™".

The 252p°3s ’P° term is from Feldman et al. (1973).

The ionization energy was obtained by extrapolation
by Lotz (1967).
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Ca xn
Configuration Term J Level Configuration Term J Level
(cm™Y) (cm™Y)
25* 2p° pe % 0 25% 2p*(*P)3d p A 3 494 600
A 30 041 % 3 511 500
2s2p° g Yy 709 030 25 2p*(°P)3d ’F % 3 494 900
2s” 2p*(°P)3s ‘p A 3 062 300 22 2p*('D)3d 28 v, 3 559 300
%, 3077 100
T 3 089 300 22 2p*('D)3d 2 A 3 562 800
25 2p*(°P)3s p % 3 097 800 2s% 2p*('D)3d p Y, 3 574 900
Yy 3114 800
25 2p*('D)3d p % 3 574 900
252 2p*('D)3s ) % 3 158 500 %, 3 584 900
% 3 159 300
2s% 2p*(18)3d D %, 3 647 900
2s* 2p*('S)3s A 3 249 600 Y, 3 652 300
2s* 2p'(°P)3d ‘P s 3 475 800 252p°(*P°)3s 2pe Y, 798 000
A 3 479 600 A 2 755 900
A 3 489 400
Ca xi (°P,) Limit 5 301 000
252 2p*(°P)3d ‘F %y 3 480 000
2s? 2p*(°P)3d ’p Y, 3 486 700
%y 3 508 200
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Ca xm

Z=20
O 1 isoelectronic sequence

Ground state: 1522522p* ’P,

Ionization energy = 5 861 00012 000 cm~' (726.6+1.4 ¢V)

The solar coronal line measured by Jefferies (1969) at
4087.1 A was first classified by Edlén (1942) as the mag-
netic dipole transition 2s?2p* *P,—°P,. Laboratory obser-
vations of the 252p*—2s2p® array were made by
Fawcett, Burgess, and Peacock (1967) who identified the
'P—°P° multiplet. The 2p®'S, level was reported by
Fawcett, Galanti, and Peacock (1974).

New measurements of these arrays and identification of
intersystem lines were made by Kaufman, Sugar, and
Cooper (1982) who reported all the levels of the 2s22p*,
252p°, and 2p° configurations. Their wavelengths in the
range of 110-190 A are given with an uncertainty of
+0.01 A and a level uncertainty of =50 cm™". These are
used along with the solar line, which determines the pos-
ition of the 2p*°P, level to £3 cm~'. The percentage
compositions were provided by Kaufman and Sugar
(1982). Their calculation includes configuration inter-
action between 2s?2p* and 2p°.

The 2p*3s levels are from the observations of Doschek,
Feldman, and Cohen (1973). Lines of the 2p*—2p?3d ar-
ray were classified by Fawcett and Hayes (1975). Sub-

were made by Bromage and Fawcett (1977) on the basis
of new calculations. The uncertainty in the 3p*3s and
3p*3d levels is 1000 cm~',

The ionization energy was obtained by Lotz (1967) by
extrapolation.
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sequently, revisions of several line classifications
Ca X111
Configuration Term J (Levell Leading percentages
cm™)

2s% 2p* ’p 2 0 97 3 p

1 24 460 100

0 28 888 96 4 1S
2s% 2p* 'D 2 88 208 97 3 p
2s% 2p° 'S 0 178 613 93 4 p
252p° Spe 2 618 268 100

1 638 238 100

0 650 105 100
2s2p° 'p 1 850 300 100
2p° 'S 0 1 440 320 9 3 25%2p* 1S
252 2p°(*S°)3s is° 1 3 874 600
25% 2p°(*D°)3s De 1 2452 700

2 2458 200

3 2 458 300
25 2p*(*D°)3s D 2 2474 600
252 2p*(2P*) 3s 1pe 1 3 544 500 (Continued)
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Ca x111—Continued
Configuration Term Level Leading percentages

(cm™)
25 2p°(1S°)3d 3pe 2 3 739 000
3 3 743 000
252 2p°(*D°)3d pe 1 2 828 000
2 32 838 000
3 3 841 000
2s? 2p°(*D°)3d pe 2 2 851 000
1 32 852 000
2s? 2p°(*D°)3d 3 1 2 864 000
25?2 2p°(*P°)8d Spe 2 2 890 000
1 3 893 000
2s? 2p(%P°)8d p° 2 2 905 000
2s% 2p°(?P°)3d 3pe 1 2 914 000
3 2 917 000
2 2 920 000
2% 2p%(2D°)3d g 3 2 929 000
25" 2p*(*P°)3d pr 1 3 969 000
Ca xiv (S,,) Limit 5 861 000
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Ca xiv

Z=20
N 1 isoelectronic sequence

Ground state: 15225%2p°*S; ,

Ionization energy = 659500013 000 cm™' (817.61.6 eV)

The transition arrays 2s?2p’—2s2p* and 2s2p*—2p°
were analyzed by Kononov et al. (1976), but no inter-
system lines were observed. Kaufman, Sugar, and Cooper
(1982) reobserved these arrays and identified the inter-
system line 2522p° *S;,, — 252p* 2P3 ;. Their measured lines
in the range of 116-216 A, given with an uncertainty of
+0.010 A, are used here to derive the levels, with an
uncertainty of 50 cm~'. Kaufman and Sugar (1982)
provided the calculated percentage compositions of the
levels. Their calculation includes configuration inter-
action between 25%2p3 and 2p°.

The 2p*3d levels are from the classifications of Fawcett
and Hayes (1975) with some revised classifications by
Bromage and Fawcett (1977) based on new calculations.
The uncertainty in these levels is 1000 cm ™. They also
reported the percentage compositions of these levels.

The ionization energy was obtained by Lotz (1967) by
extrapolation.
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Ca x1v
Configuration Term Level Leading percentages
(cm™)
2s% 2p° 18 % 0 98 2 Zpe
2s? 2p° De % 105 870 89 10 Zpe
% 113520 100
252 2p® 2pe A 172 400 98 2 2p° 2pe
A 188 360 86 1 2p® 2D°
25(%8)2p* (°P) ‘p % 515 800 99 1 25(®9)2p*('D) D
s 535 870 100
Yo 545 090 99 1 25(%8)2p*(18) %8
25(*S)2p"('D) D Y, 710 710 99 1 25(’8)2p*(°P) 2P
% 712 500 99 1 25(29)2p*(°P) ‘P
25(28)2p*(!S) %8 A 825 050 88 11 2s(28)2p*(°P) 2P
25(%8)2p" (°P) ’p Y, 858 240 99 1 25(*8)2p*('D) D
A 885 610 89 11 25(%8)2p*('S) %S
2p° 2pe % 1847 820 98 2 25%2p° 2p°
A 1380110 98 2
2s? 2p2(°P)3d ’p % 4114 000 51 28 *P) ‘D
2s% 2p?(*P)3d P % 4143 700 6 19 (3P) D
% 4 151 800 91
2% 2p%(*P)3d R A 4154 100 51 20 (‘D) F
(Continued)
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Ca x1v—Continued

Configuration Term J (Levell) Leading percentages
cm—
2s% 2p%(°P)3d p % 4 188 000 89
%, 4199 400 78 14 ('D) D
2% 2p%('D)3d ’F /A 4 230 600 60 32 ¢P) F
A 4 243 600 48 21
2s% 2p°('D)3d p % 4 242 000 67 18 (D) %F
2% 2p%('D)3d p A 4 251 200 90
Ca xv (°Py) Limit 6 595 000
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Ca xv

Z=20
C 1 isoelectronic sequence

Ground state: 15s225s2p% *P,

Ionization energy = 7215000+ 14 000 cm~' (894.5+1.8 eV)

The levels of the 25?2p?, 252p* and 2p* configurations
were determined by Kononov, Koshelev, Podobedova,
and Churilov (1976), except for the intersystem con-
nection. This was provided by the identification of the
solar coronal line 2s%2p?°P,—'D, at 137595A by
Sandlin, Brueckner, and Tousey (1977). Two more solar
coronal lines at 5444 A (in air) and 5693.6 A (in air) were
identified as transitions between levels of the ground term
’P,—’P, and ‘P,—°P,, respectively, by Edlen (1972).
These coronal lines are used here to determine the posi-
tions of the levels of *P and 'D in the 25%2p? configuration
with an uncertainty of 2 cm™".

The spectrum was reobserved in the range of
125-217 A with an accuracy of +0.01 A by Sugar,
Kaufman, and Cooper (1982) who identified several inter-
combination lines. The level values for 2s*2p* 'S, and for
all terms of 2s2p* (except for °S3) and 2p* are from their
measurements and have an uncertainty of =50 cm~*. The
predicted position of 2s2p*°S3 in brackets was given by
Edlén (1984). Kaufman and Sugar (1982) provided the
percentage compositions for these levels. Their calcu-
lation includes configuration interaction between 2s%2p?
and 2p*.

The levels of 252p3d and 252p*3d are from the classi-
fications of Fawcett and Hayes (1975) with additions by
Bromage and Fawcett (1977). These measurements, at
~24 A are not accompanied by an uncertainty estimate.
Bromage and Fawcett provided the percentage com-
positions for the 2s?2p 3d configuration.

The ionization energy was obtained by Lotz (1967) by
extrapolation.
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Ca xv
Configuration Term J Level Leading percentages
(cm™Y
25% 2p* 5p 0 0 96 3 25%2p% 1S
1 17 559 99 1 2p* °p
2 35923 94 5 25%2p* 'D
2s? 2p* p 2 108 600 94 5 25%9p? 3P
2s% 2p* s 0 197 670 93 4 2pt 18
2s(%8)2p°(*S°) 5g° 2 [ 275 9001 100
25(28)2p° (D7) De 2 496 680 96 4 25(’S)2p%(*P°) °p°
1 497 570 97 2 25(%8)2p°(*P°) °p°
3 500 230 100
25(%8)2p°(*P?) Spe 0 581 750 100
1 582 780 97 2 2s(°8)2p°(*D°) *D°
2 585 670 95 4 25(%8)2p°(*D*) °D°
25(%8)2p°('S°) 5s° 1 728 880 95 4 25(%8)2p°(?P°) 'P°
25(%8)2p°(*D") D 2 729 650 99 1 2s5(%8)2p® (?P°) 3P°
25(%8)2p° (°P*) pe 1 814 380 96 4 25(%8)2p°(18°) 38°

(Continued)
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Ca xv —Continued

Configuration Term J Level Leading percentages
(cm™)
2p* p 2 1107 550 95 4 2p* 'D
1 1133 850 99 1 25%2p% °p
0 1139970 96 2 20t 1S
2p* p 2 1195120 95 4 p
2pt s 0 1 350 890 93 4 25%2p% 'S
2s% 2p3d 3pe 2 4 363 800 7 25 p-
3 4 379 400 88
2s? 2p3d pe 1 4 399 500 78 15 Spe
2 4 411 500 45 2 'D°
3 4 426 400 88 10 g
2s% 2p3d Spe 1 4 434 500 82 17 *De
2 4 435 400 61 36
2% 2p3d Ipe 1 4 473 400 92
2s? 2p3d Ipe 3 4 475 000 95
2s2p*(“P)3d SF 4 4726 800
Ca xvI (*P}5) Limit 7 215 000
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Ca xvi

Z =20

B 1 isoelectronic sequence

Ground state: 15s225%2p *P3),

Ionization energy = 7 860 00016 000 cm ™' (9742 eV)

Classification of the transition arrays 2522p —2s2p* and
252p’—2p° was made by Kononov, Koshelev,
Podobedova, and Churilov (1975). The spectrum was re-
measured by Sugar, Kaufman, and Cooper (1982) in the
range of 154-224 A with an accuracy of +0.01 A. The
present 2s°2p, 2s2p?, and 2p° levels are determined from
their data with an uncertainty of +50 cm~'. Their adop-
ted value for the position of the level 2s2p? *P;,, with an
estimated uncertainty of 100 cm™'is used here. Leading
percentages for the 2s2p” configuration were provided by
Kaufman and Sugar (1982).

The higher lying configurations are from the classi-
fications of the lines at 19-20 A measured with an uncer-
tainty of +0.01 A by Fawcett and Hayes (1975), and by
Fawcett and Ridgeley (1981) who identified the 3d —4f
doublet.

The ionization energy was obtained by Lotz (1967) by
extrapolation.
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Ca xvI
Configuration Term J (Levell) Leading percentages
cm—
232 2p ZPo 1/2 0
A 36 520
2s2p? ‘P Yy 267 990 +x 99 1 5
%, 282 500+x 100
% 300 800+ x 99 1 D
2s2p° D % 479 420 99 1 jP
A 481 860 99 1 P
2s2p” s Yy 592 180 67 32 p
252p° Zp Yy 633 760 63 32 23
EA 645 660 99 1 D
2p° 5 %, 834 860+x
2p° De A 940 000
VA 944 700
2p° 2pe Yy 1052 700
% 1062030
2% 3d D % 4 662 000
A 4 664 000
2s2p(°P°)3p 2p A 4773 000
¥, 4794 000
(Continued)
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Ca xvi—Continued

Configuration Term J Level Leading percentages

(cm™)

2s2p(*P°)3d D A 4 930 000+ x

A 4 934 000+ x

/A 4 952 000+x

2s2p (*P°)3d pe ¥ 4 963 000+ x
252p(°P°)3d 2pe % 5 000 000
YA 5022 000
2s2p('P°*)3d 2pe iA 5170 000
2s2p('P°)3d e % 5 198 000
2s% 4f 2 YA 6 396 000
Ca xviI ('Sy) Limit 7 860 000
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Ca xvi

Z=20
Be 1 isoelectronic sequence

Ground state: 152252'S,

Tonization energy = 8 770 00018 000 cm ™' (108742 eV)

The strong singlet resonance line 25%'Sq—2s2p 'P; at
192.86 A has been observed in the laboratory by
Kononov, Koshelev, Podobedova, and Churilov (1975),
by Fawcett and Hayes (1975), and in spectra of solar
flares. We used the wavelength of Kononov et al. to
establish the value of the 'P° term with an uncertainty of
+50 cm~’,

The intersystem transition 2s'S,—2s2p *P$ has been
identified in a solar flare spectrum by Sandlin, Brueckner,
Scherrer, and Tousey (1976) at 371.11+0.03 A. We have
adopted their value to locate the triplet system relative to
the singlets with an uncertainty of 20 cm~". The other *P
levels of 252p and 2p* and the 'S of 2p? are from Kononov
etal. with an uncertainty of =50 cm~'. The 2p*'D and ’P,
are from Fawcett, Ridgeley, and Hatter (1980).

The levels of the higher configurations are derived
from the line identifications by Fawcett and Hayes. Their
level uncertainty is +5000 cm™".

The ionization energy was obtained by Lotz (1967) by
extrapolation.
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Ca xvI
Configuration Term J Level Configuration Term J | Lev_e]l

(cm™Y) (cm™)
25? 's 0 0 2s3p lpe 1 5113 000
2s2p 3pr 0 258 290 2s8d D 2 5 186 000
1 269 460 3 5 190 000

2 296 950
2s3d 'p 2 5 236 000

252p p 1 518 620
2p3p D 3 5 448 000

2° p 0 689 080
1 706 680 2p3d pe 2 5533 000
2 726 450 3 5 546 000
2p* 'D 2 798 130 2p3d pe 3 5 598 000
2p* 'S 0 967 170 Ca xvi (%S, ) Limit 8 770 000
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Ca xvii

Z=20
Li 1 isoelectronic sequence

Ground state: 1525 %S, ),

Ionization energy = 9338 000+1300 cm~' (1157.8+0.2 eV)

The 25 —3p, 2s —4p, 25 ~5p, 2p —3s,2p —3d, 2p —4d,
2p —5d, and 2p —6d, transitions were reported by Gold-
smith, Feldman, Oren, and Cohen (1972) in the range of
12-20 A with an uncertainty of +0.005 A. The value of
the 2p *P° term is from the 25 —2p transitions observed at
302.19 A and 344.76 A in a solar flare spectrum by Wld-
ing and Purcell (1976) with an uncertainty of +0.02 A
and a level uncertainty of =20 cm™".

Boiko, Faenov, and Pikuz (1978) confirmed the lines
identified by Goldsmith et al. and added the 6p, 7p, 6d,
and 7d terms. The 3d —4f and 3s —4p transitions were
reported by Fawcett and Ridgeley (1981). The levels de-
rived from these data have an uncertainty of
+2000 cm ™. The K -shell excitations were observed by
Aghtsku, Boiko, Zakharov, Pikuz, and Faenov (1974) at
32Aina laser-produced plasma. Levels derived from
these data have an uncertainty of +5000 cm~".

Edlén (1979) derived the ionization energy from the nd
Rydberg series.
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Ca xviIl
Configuration Term J Level Configuration Term J Level]
(cm™") (cm™)
1s% 25 s Y, 0 1s* 5d D %y 7911 800
% 7913 200
1s?2p Zpe A 290 057
EA 330 918 1s? 5p 2pe R 7 913 900
1s® 3s 5 A 5 276 800 1s* 6p Zpe Yoy 8 841 000
1s?3p 2pe A 5 338 500 1s? 6d D Yo% 8 346 000
% 5 850 200
1s%7p tpe A 8 605 000
152 3d D %, 5 381 200 \ , .
%, 5 984 200 1s*7d D Tos 7o 8 610 000
162 4d o %, 7112 300 Ca xix ('S,) Limit 9 338 000
% 7116 100
15(°8)2s2p('P°) pe A 21 352 000
1s*4p Zpe A 7112 700
A 7118 100 1s2p? D % 31 484 000
YA 31 486 000
12 4f Zpe A 7 115 200
1s2p° p % 31 551 000
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Ca xix

Z=20
He 1 isoelectronic sequence

Ground state: 152'S,

Ionization energy = 41 366 0008000 cm ™' (5128.8+1.0 eV)

Because of the excellent agreement of the calculated
energies of the 152/ levels by Safronova (1981) with the
few well-measured spectra in the He 1 sequence, we have
compiled her results for these levels, except as noted be-
low, and for the ionization energy. Detailed comparisons
are given in the Introduction. Levels of the n =3-5 shells
are from the calculated binding energies by Ermolaev and
Jones (1974) subtracted from Safronova’s value for the ls
binding energy of the ground state. We have assumed an
uncertainty of 2 parts in 10* for the excited levels relative
to the ground state, and for the ionization energy. For
differences between excited levels where An =0, we as-
sumed an uncertainty of 2 parts in 10° (see the Intro-
duction).

The 1525 S, — 1s2p °P; transition has been measured by
Livingston (1983) in a beam foil experiment at

466.78+0.08 A. Safronova predicts 466.43 A for this
wavelength. We used the observed value to obtain the
position of the 1s2p *P; level relative to 1s2s °S,.

Corrected measurements (see Introduction) by
Aglitskii et al. (1974) place the 1s2p P level at
31 320 000 cm~" and the 152p 'P at 31 480 000 cm~! with
an estimated uncertainty of +5000 cm™',

Percentage compositions are from Ermolaev and
Jones.
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Ca X1x
Configuration Term J Level Leading percentages
(cm™)
15 IS 0 0
1s2s 'S 1 (31 142 150]
1s2p pe 0 (31 812 840)
1 [81 821 060] 97 3 Ipe
2 [31 856 380]
1s2s s 0 [31 328 450]
1s2p lpe 1 [81 428 810] 97 3 3pe
1s3s ’s 1 [36 870 940]
1s8p ipe 0 [96 918 070] .
1 [ 86 920 260) 97 3 Pe
2 {36 930 850]
1s3s s 0 {36 919 930]
1s3p 'p° 1 (26 962 8501 97 3 Spe
1sds 33 1 [38 850 670]
1s4p spe 0 [38 870 230) .
1 [88 871 150] 96 4 P°
2 [38 875 630)
1sds s 0 [38 870 530]
3 -]
1s4p p 1 (38 888 680] 96 4 P (Continued)
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Ca x1x—Continued

Configuration Term Level Leading percentages
(cm™)

1s5s ’s [89 761 380]

1s5p Spe [39 771 220]
[89 771 750] 96 4 pe
(39 774 040]

1s5s s [39 771 310}

1s5p lpe [39 780 630] 96 4 spe

Ca XX (%S,,5) Limit 41 366 000
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Ca xx
Z=20
H 1 isoelectronic sequence
Ground state: 1s %S,
Ionization energy = 44 117 41020 cm™' (5469.906+0.013 V)

The 1s *S—2p *P° transitions were observed in a solar
flare spectrum by Feldman, Doschek, and Kreplin (1980),
bl..lt no absolute wavelength calibration was available. We Erickson, G. W. (1977), J. Phys. Chem. Ref. Data, 6, 831.
give calculated values by Mohr (1983) for the n =2levels  Feldman, V., Doschek, G. A., and Kreplin, R. W. (1980), Astrophys. J.

References

and by Erickson (1977) for n =3-5 relative to the 2p *P3,, 238, 365.
level. Further details are given in the Introduction. Mohr, P. J. (1983), At. Data Nucl. Data Tables 29, 453.
Ca xx
Configuration Term J Level Configuration Term J Level
(cm™Y) (cm~Y)
1s S Yy 0 4f 2pe % (41 371 882]
/A (41 378 104]
2p Zpe Yy (33 069 905]
%, [33 129 258) 5p Zpe A [42 355 223]
% [42 359 020]
2s 5 Y, [33 071 743)
5s g A [42 355 346]
3p Zpe Y, (39 214 015)
¥, (39 231 607] 5d D %, [42 359 013]
A [42 360 268)
3s s Y, [39 214 580]
5f 2pe %a (42 360 265]
3d p % [39 231 576] A [42 360 891]
A [39 237 382]
5¢ G A [42 360 890]
4p Zpe Yy [41 362 081] VA [42 361 265]
% {41 369 4491
Limit 44 117 410
4s 3 Y, [41 362 270]
4d p % [41 369 436]
A [41 371 887]

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



106 J. SUGAR AND C. CORLISS

Sci

Z =21

Ground state: 15*2572p®3523p°3d4s* D,

Ionization energy = 52 922.0+0.5 cm™' (6.56154:0.00006 eV)

The first extensive analysis of Sc 1 was carried out by
Russell and Meggers (1927), who classified about 350
lines between 2690 and 8250 A as combinations among
128 energy levels of nine configurations. The analysis was
extended by Neufeld (1970) and Neufeld and Schrenk
(1975), who added 150 newly classified lines and 22 new
levels and measured g-values for 98 levels.

Observations of the absorption spectrum of Sc in the
range 1200-3200 A were made by Garton, Reeves, Tom-
kins, and Ercoli (1973) with a measurement accuracy of
+0.01 A. They identified eight series arising from the 2D
ground term in combination with 4s’af ’F°, 3d4s('D)np
’P°, 3d4s('D)np D", and 3d*(F)np *L° (where L may be
D, F, or G). By far the strongest series arises from the
3d4s**D—4s’nf’F°  transitions. The three series
3d4s**D —3d4s('Dynp *P° were observed to much
higher n and were used to derive the ionization energy.
Two more series found to converge to the 3d4s('D) limit
were identified tentatively as 3d4s*> D —3d4s('D)np D°
with unresolved ’D° splitting. A final series labeled
3d4s*—3d*CF)np *L° observed from n =7-15 and much
stronger than the D° series was reported. Since L may
represent D°, *F°, or ’G° terms, the most likely candidate
for a strong series is °F° and we have used this designation
for the series. Many additional absorption features not
compiled here were reported with no identification of the
upper levels.

A new analysis of Sc 1 based on new observations be-
tween 2000 and 3300 A, infrared measurements between
6500 and 33 900 A, and Zeeman spectrograms has been
published by Ben Ahmed and Verges (1977) together
with a theoretical interpretation by Ben Ahmed (1977).
They established 108 additional levels and rederived the
complete system of known levels up to 49 000 cm™!,
classifying 1230 lines. In the analysis by Russell and Me-
ggers, two unconnected systems of levels based on
3d*(*P)4s P and *P were given. Ben Ahmed and Verges
found the connection for the first, and rejected the second
set, replacing it with newly found levels.

Our compilation is from the papers of Ben Ahmed and
Verges, Ben Ahmed, and Garton et al. The accuracy of
the level values must be judged from the number of sig-
nificant decimal places given, probably * a few units in
the last digit. The theoretical treatment by Ben Ahmed of
the odd configurations includes 3d*4p, 3d4sdp, 4s’4p,
3d*5p, and 3d4s5p with configuration interaction among
them. An examination of the percentages shows that the
configuration mixing is appreciable. Roth (1980) has cal-
culated the mixture only of 3d’4p, 3d4sdp and 3s%4p.
Although this is not as accurate a treatment as that of Ben
Ahmed, Roth has chosen a better coupling scheme for
3d4s4p; that is 3d *D)4s4p ("’P). We give the more com-
plete calculation of Ben Ahmed. In his calculation of the
even configurations Ben Ahmed has included 3d%4d,
3d4s4d, and 4s’4d with configuration interaction.

The g-values are from Ben Ahmed and Verges, except
for those of the ground term, which are taken from the
report of the magnetic resonance experiments by Childs
(1971).

The ionization energy is from Garton et al. who de-
rived their value from the 3d4s('D)np *P3,, series.
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Sc1
Configuration Term J Level g Leading percentages
(cm™")
3d 4s* D A 0.00 0.79933 98
% 168.34 1.20029 98
3d*(*F)4s iF A 11 519.99 0.400 100
% 11 557.69 1.026 100
iA 11 610.28 1.244 100
%, 11 677.38 1.325 100
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Sc 1—Continued
Configuration Term J (Levell) g Leading percentages
cm—
3d*(*F)4s R A 14 926.07 0.861 100
YA 15 041.92 1.134 100
3d 45(*D)4p ‘pe % 15 672.58 0.426 9
A 15 756.57 1.036 9
A 15 881.75 1.232 98
A 16 026.62 1.83 99
3d 4s(°D)4p ‘D Yo 16 009.77 0.002 97
% 16 021.82 1.039 92
Ya 16 141.06 1.336 79 9 (‘D) D¢
A 16 210.85 1.43 9%
3d 4s('D)4p e % 16 022.78 1.19 43 34 (°D) *Dr
%, 16 096.90 0.956 50 39
3d*('D)4s ’p A 17 012.76 1.226 94 4 ép) ‘P
A 17 025.14 0.815 98
3d2(°P)4s ‘p A 17 226.04 2.662 100
A 17 255.07 1.719 99
YA 17 307.08 1.575 96 4 (‘D) *D
3d 4s(°D)4p pe Yy 18 504.06 2.529 83 7 45%4p %p°
A 18 515.69 1.698 88 4
A 18 571.41 1.600 98
4s% 4p Zpe Yo 18 711.02 0.777 37 31 3d4s(®*D)4p 2P°
Yy 18 855.74 1.356 37 33
3d%('G)4s G s 20 236.86 1.10 100
A 20 239.66 0.89 100
3d%(°P)4s ’p A 20 681.43 0.668 99
%, 20 719.86 1.331 99
3d 4s('D)4p Zp° %y 21032.75 0.855 79 14 (D) F°
A 21 085.85 1.14 7 16
3d 4s('D)4p 2p- Yy 24 656.72 74 17 4s%4p 2p°
%, 2/, 656.88 68 17
3d 4s(°D)4p pe Yy 24 866.17 0.804 38 30 3d*(°F)4p D¢
A 25 014.21 1.201 40 32
3d 4s(*D)4p pe % 25 584.64 0.857 64 21 3d2(°F)4p 2F°
A 25 724.68 1.138 62 22
3d%('S)4s 5 A 26 936.98 100
3d*(°F)4p G A 29 022.82 0.584 100
VA 29 096.18 0.981 100
% 29 189.84 1.16 100
v, 29 303.51 100
3d 4s(*D)4p 2pe A 30578.17 0.680 “ 31 4s%4p °pP°
A 30 706.66 1.332 43 32
(Continued)
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Configuration Term (Levell g Leading percentages
cm™)
3d*(*F)dp ‘pe A 31172.70 0.400 99
% 31 215.81 1.027 99
/A 21 275.89 1.240 98
% 21 350.84 1.33 98
3d2(°F)4p De Y, 32 637.40 0.03 96
% 32 659.30 96
% 32 696.84 1.373 95
A 32 751.50 1.414 95
3d*(°F)4p 2Ge A 33 055.98 0.91 60 20 CF) %
% 33 151.20 1.06 90 10 ‘'e)
3d%(°F)4p 2 yA 38158.79 0.853 62 13 3d4s('D)4p 2F°
P 33 278.40 1.146 42 30 3d*(°F)4p °G*
3d*(°F)4p De % 33 614.88 0.824 40 30 3d2(°P)4p D"
¥ 38 707.06 1.186 39 30
3d? ip % 33 763.53 0.395 100
% 33 798.64 1.026 100
P 33 846.59 1.23 100
% 33 906.38 1.33 100
3d 4s(®D)5s ‘D Y, 34 390.25 0.00 100
&, 34 422.83 1.192 100
% 34 480.00 1.370 100
A 34 567.19 1.43 100
3d:(°P)4p %5 Y, 25 346.95 2.00 100
3d 45(®*D)5s p %, 35 671.04 83 8 343 2D1
A 35 745.62 1.212 82 12 3d4s('D)5s D
3d3 D2 ¥, 36 276.63 40 34 1
%, 36 330.59 1.196 42 35
3d* ‘p A 36 492.64 2.634 98
% 36 515.76 1.712 95
% 36 572.77 1.59 96
3d*('D)4p 2pe % 326 666.42 84 1 CF) -
PA 26 730.12 82 10
3d*(°P)4p e Y, 26 764.20 0.016 98
% 36 793.65 1.184 94
% 36 860.20 1.348 94
A 36 959.08 94 4 (‘D) F°
3d*(*D)4p 2pe % 26 933.91 0.879 58 14 3d4s(°D)5p D¢
% 37 039.57 1.207 59 14
3d° G YA 36 977.51 0.89 100
% 37 054.51 1.110 99
3d? 2p Yy 37 085.84 0.682 9
%, 37 148.22 1.328 93
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Sc 1—Continued

Configuration Term J (Levell) g Leading percentages
o
3d*('D)4p 2pe A 37 086.02 1.278 68 17 ¢p) %p°
A 37 125.40 70 17
3d:(*P)4p ‘s° % 37 486.86 1.986 91 9 ‘pe
3d 4s('D)5s p VA 37 780.87 0.80 66 14 (D) D
A 37 855.61 1.18 63 17
3d*(°P)4p Ppe Yy 37 877.78 2.662 93 5 3d4s(°D)5p ‘P*
% 37 908.50 1.731 85 9 3d®(*P)4p *S°
oA 37 964.89 1.58 93 5 3d4s(°D)5p ‘P
3d 4s(°D)4d r % 38 871.65 0.855 49 36 ‘G
/A 38 959.16 1.14 46 37 ‘D
3d:('G)4p e A 29 153.14 98
9, 39 248.82 100
3d3 ’H A 39 164.11 100
A 39 225.33 100
3d*('G)4p %Ge /A 39 392.29 0.89 90 10 CF) %G*
%, 39 423.89 88 10
3d 4s(*D)4d ‘D A 39 701.44 0.008 96
A 39 721.79 1.203 97
% 39 755.02 1.364 7 2 ‘G
A 39 799.99 1.439 4 ) R
3d 4s(°D)4d A 39 861.37 0.555 45 P g6 ‘G
3d 4s(°D)4d ‘G /A 39 902.75 0.968 78 20 ‘D
%% 39 957.79 1.17 98
1, 40 028.38 1.26 99
3d 4s(°D)5p pe VA 39 949.75 96
% 39 989.58 93 6 e
JA 40 048.72 91 7
A 40 145.90 100
3d 4s(°D)5p De Yy 40 044.63 97
A 40 073.49 95
% 40128.13 89 6 “Fe
YA 40 210.88 88 8 e
3d 4s(°D)4d p A 40 063.38 1.295 76 10 D
Y, 40 070.30 0.660 94
3d 4s(®D)5p Zpe VA 4010419 76 15 3d2('G)4p %F°
YA 40 151.08 5 16
3d 4s(°*D)4d D s 40 257.52 1.305 4 22 (*D) S
% 40 334.31 1.196 66 17 (‘D) D
3d 4s(®D)4d ‘S A 40 282.16 1.535 72 13 p
3d 4s(®°D)5p ’pe A 40 347.84 68 16 3d*('D)4p *D°
% 40 351.30 67 15

(Continued)
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Sc 1—Continued

Configuration Term J Level g Leading percentages
(cm™)

3d 45(°D)4d G A 40 418.55 69 27 (';D) %G
%, 40 562.06 69 0

3d 4s(*D)5p 2pe Y, 40 499.71 7 1 3d2(°P)4p 2P°
¥, 40 594.07 72 10

3d 4s(*D)4d ‘F % 40 521.27 0.401 99
%, 40 554.99 1.035 99
yA 40 603.95 1.235 99
iA 40 670.87 1.336 100

3d 4s(°D)5p Ppe A 40 595.28 2.570 94 5 3d2(°P)4p *P°
% 40 644.64 1.687 88 5 3d4s(°D)5p P°
% 40715.42 1.58 94 5 3d%(°P)4p ‘P°

3d° 7 % 40 802.76 0.843 7 22 3d%(°F)5s °F
/A 40 825.78 1.140 80 20

3d*(*P)4p e % 4115342 46 30 3d4s('D)5p 2D°
% 41 162.52 45 30

3d 4s(°*D)4d ‘p Yo 41 446.85 2.659 88 5 G
% 41 474.87 1.725 9
% 41 505.60 1.60 97

3d2(°F)5s ‘F % 41 921.89 0.395 100
% 41 960.97 1.021 100
A 42 015.58 1.237 100
A 42 085.18 1.32 100

3d 4s('D)4d ’F 7 42 149.66 87 8 3d%(*D)4d °F
A 42 198.84 86 8

3d 4s('D)4d D A 42 445.55 68 22 D) D
% 42 466.39 0.802 69 23

3d 4s(*D)5p 2pe Y, 42 78041 69 10 (*D) %p°
Yy 42 819.49 67 11

3d 4s(°D)4d 5 Yy 42 877.65 1.991 45 a (‘D) %8

3d? D1 % 42917.88 1.19 4 35 D2
% 42 931.50 0.78 54 45

3d 4s(*D)5p 2pe % 42 938.79 82 12 3d*(*D)5p F°
yA 42 978.81 83 12

3d 4s('D)4d G % 42 942.51 1.01 63 30 D) %G
/A 42 969.78 0.93 63 30

3d 4s('D)5p D % 4317045 52 18 3d2(°P)4p ?P°
P 48 252.56 51 18 3d%(°P)4p *D°

3d 4s('D)4d p Yy 43 429.68 0.680 87 7 3d%('D)4d P
% 43 435.40 1.336 86 7

4s% 4d D i 43 597.16 85 1 3d4s(®D)4d *D
% 43 658.53 86 11
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Sc 1—Continued

Configuration Term J (Levell) g Leading percentages
cm™
3d 4s(*D)6s ‘D Y, 43 809.76 0.009
%, 43 814.47
A 43 898.31
/A 43 988.20 1.42
3d*('G)4p 2pe A 48 830.12 0.845 72 16 3d4s(®D)5p 2F°
A 48 860.12 1.14 71 17
3d(*D)4p*(°P) p Y, 44 030.34 2.665
A 44 107.25 1.726
A 44 238.23 1.60
3d*(°P)4p 2pe A 44 105.45 0.668 52 16 3d4s('D)5p %p*
%, 44 189.29 1.331 52 15
3d(*D)4p*(°P) p A 44 594.97 1.35
Yy 44 690.65 0.670
3d(*D)4p*(°P) iF % 44 823.21 0.399
A 44 909.55 0.992
A 45 016.43 1.22
% 45125.73 1.33
3d(*D)4p*(°P) 7 A 44 838.56 0.90
A 44 941.81 1.16
3d 4s('D)4d S Yy 45 514.98 2.00 49 49 D) %
3d(*D)4p*(°P) ‘D Y, 45 574.64 0.00
%, 45 605.80 1.188
% 45 659.09 1.38
A 45 737.17 1.41
3d*(°F)5p ‘G° % 45 610.52 100
A 45 645.10 100
%y 45 691.26 100
A 45 761.23 100
3d*(°F)4d G % 45 715.79 88 10 ’F
A 45 752.28 80 18 ‘H
% 45 804.10 1.16 79 20 ‘H
A 45 870.92 82 17 ‘H
3d 4s(*D)5d ‘D Yy 45 875.18 0.00
o 45 900.04 1.183
% 45 945.09
A 46 016.63 1.4
3d*(’F)4d ‘H /A 45 878.06 0.65 82 1 G
% 45 925.09 1.00 80 20
1, 45 985.91 1.14 83 16
A 46 054.28 1.21 100
3d 4s(*D)5d ‘G %y 45 886.66 0.62
YA 45 931.16 0.97
% 45 988.93 1.08
W, 46 053.54 1.24
% 45 898.61
(Continued)
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Sc I—Continued
Configuration Term J Level g Leading percentages
(cm™)
3d*(’F)dd ‘D A 45 927.81 0.00 97
% 45947.35 97
A 45 983.23 1.33 96
A 46 042.69 1.43 91 7 F
3d2(°F)5p ipe i 46 206.80 100
% 46 255,40 9
yA 46 266.21 99
A 46 369.23 100
3d 4s(*°D)5d P A 46 329.23 0.44
A 46 354.41 1.02
/A 46 403.30 1.23
% 46 458.64 1.31
R A 46 378.86 0.86
yA 46 459.66 1.14
3d2(*F)5p ‘D° A 46 48547 100
A 46 517.55 99
s 46 570.25 98
A 46 641.64 p
‘p A 46 623.54 1.60
D % 46 914.54 0.83
% 46 989.52 1.13
3d*(°F)5p D° A 47 229.54 84 7 3d4s('D)5p 2D°
%y 47 814.58 84 7
D % 47 375.66
EA 47 425.46
3d 45(°*D)7s ‘D Yy 47 475,90
%, 47 507.39
A 47 563.31
P 47 652.61
‘p A 47 488.72
%y 47 535.78
A 47 604.59
G i 47 514.22
% 47 589.73
‘p ¥, 48 324.66 1.73
% 48 873.17 1.6
‘p Yy 48 830.11 2.64
%, 48 869.56 1.73
% 48 920.60 1.59
3d 4s('D)7p 2pe e 51110.61
Se 11 3d4s(°D,) Limit 52 922.0
3d 4s(*D)9%p pe Yoy 53162.8
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Sc 1—Continued

Configuration Term J Level g Leading percentages
(cm™)
3d 4s('D)9p 2pe %, 53 929.9
3d*(*F;)Tp 2pe A 53 692.6
3d 4s('D)10p pe A 53 706.4
3d 4s('D)10p 2pe % 58 784.
3d 4s('D)11p pe A 54 080.0
3d 4s('D)11p 2pe % 54111.8
3d 4s('D)12p ’De A 54 343.6
3d 4s('D)12p 2pe A 54 366.6
3d 4s('D)13p De YT 54 539.3
3d 4s('D)13p 2pe A 54 553.4
% 54 556.6
3d 4s('D)14p D A 54 687.6
3d 4s('D)14p 2p° A 54 712.1
3d 4s('D)15p De A 54 803.2
3d 4s('D)15p pe % 54 822.0
3d 4s('D)16p e A 54 895.0
3d%(°F;)8p 2pe A 54 903.5
3d 4s('D)16p Zpe Yy 54 906.2
Yy 54 908.4
3d 4s('D)17p pe A 54 971.4
3d 4s(*D)18p pe A 55 030.7
3d 4s('D)18p 2pe Yy 55 036.4
% 55 038.2
3d 4s('D)19p 2pe Yy 55 084.2
A 55 086.0
3d 4s('D)20p 2pe Yo 55125.0
%, 55 126.6
3d 4s('D)21p 2pe Yy 55159.2
% 55 160.8
3d 4s('D)22p 2pe A 55190.2
3d 4s('D)23p Zpe Yy 55 214.8
% 55 215.4
3d 4s('D)24p Zpe A 55 236.3
% 55 2374

(Continued)
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Sc 1—Continued

Configuration Term J (Le\iell) g Leading percentages
cm

3d 45('D)25p Zpe Yy 55 255.6
%, 55 256.2
3d 4s('D)26p 2pe Yo 55 272.6
A 552723.1
3d 4s('D)27p 2pe A 55 287.4
% 55 288.0
3d 4s('D)28p Zp i 55 301.2
3d 4s('D)29p 2pe A 55 312.6
3d 4s('D)30p 2pe Yy 55 323.2
3d 45('D)31p Zpe %, 55 892.8
3d 4s('D)32p Zpe ¥, 55 841.4
3d 4s('D)33p Zpe % 55 349.0
3d 4s('D)34p 2pe A 55 356.8
3d 4s('D)35p 2pe A 55 362.8
3d 4s('D)36p Zpe A 55 368.7
3d 45('D)37p 2pe A 55 873.6
3d 4s('D)38p Zpe A 55 378.1

Sc 11 3d4s('D) Limit 55 463
3d*(°F)9p 2pe9 A 55 657.3
3d%(°F)10p ZFe9 XA 56 147.0
3d2(°F)11p Zpe9 YA 56 486.9
3d*(*F)12p O WA 56 733.2
3d2(°F)13p 2Fe9 XA 56 916.3
3d*(3F)14p b A 57057.2
3d%(°F)15p B s A 57167.5
4s* 4f 2o ;/2 57 485.7
A 57 508.9

Sc 11 3d%(°Fy) Limit 57 805
4% 5 2pe A 60 090.4
4s® 6f 2 A 61 498.0
482 7f Zpe A 62 343.8
45’ &f g XA 62 886.2
45 9f 2 YA 63 267.0
45 10f 2o Yo 7s 63 533.2
4s* 11f B XA 63 729.6
45 12F e A 63 878.6
45% 13f R A 63 993.8
4s% 14f e A 64 086.2
4% 15f 2pe YA 64 1604
45* 17f 2pe A 64 271.2
4% 18f 2pe YA 64 312.4
4% 19f 2 YA 64 348.0
45% 20f g A 64 378.8
4s% 21f 2pe YA 64 404.8
4s? 22F 2pe A 64 426.6
45 23f g YA 64 445.8

Sc 11 4s%('S) Limit 64 658
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Sci

Z=21
Ca 1 isoelectronic sequence

Ground state: 15%25%2p°3s23p%3d 4s *D,

Tonization energy = 103 237.1%2 cm™' (12.79987+0.00025 eV)

The first extensive analysis of Sc 11 was reported by
Russell and Meggers (1927). They classified 142 lines in
the range 2540-6600 A as combinations among 53 energy
levels of eight configurations. Many of these levels were
determined to better accuracy by Neufeld (1970). Neuf-
eld also provided g-values for 18 levels.

Johansson and Litzén (1980) have reobserved the spec-
trum from 1100-10 000 A with a pulsed hollow cathode.
They considerably extended the analysis, adding 11 new
high-lying configurations. Their newly determined level
values are quoted here, and are presumably accurate to a
few units in the last decimal place given.

Wyart has calculated 3d4p, 3d 5p, 3d 4f, 3d 5f, and 4s4p
with configuration interaction. His results, as reported by

Johansson and Litzén, are given here. The percentage
compositions for the 3d 5g configuration are from Gold-
schmidt (1982).

The ionization energy was derived by Johansson and
Litzén from a polarization formula applied to the centers
of gravity of the 3d4f, 3d5f, and 3d5g configurations.
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Scu
Configuration Term J Level g Leading percentages
(cm™)
3d 4s D 1 0.00 0.501
2 67.72 1.163
3 177.76 1.330
3d 4s D 2 2 540.95 0.998
3d® ’F 2 4 802.87 0.665
3 4 883.57 1.083
4 4 987.79
3d? D 2 10 944.56
4s* s 0 11 736.36
3d? p 0 12 074.10
1 12 101.50 1.487
2 12 154.42 1.481
3d? G 4 14 261.32
3d? s 0 25 955.2
3d 4p Ipe 2 26 081.34 0.999 99
3d 4p F° 2 27 443.71 0.671 99
3 27 602.45 1.086 99
4 27 841.35 1.233 100
3d 4p ‘D° 1 27 917.78 0.506 100
2 28 021.29 1.162 99
3 28 161.17 1.323 99
(Continued)
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Sc n—Continued

Configuration Term Level g Leading percentages
(ecm™)
3d 4p p 0 29 736.27 94 6 4s4p °P°
1 29 742.16 1.484 92 6
2 29 823.93 1.495 94
3d 4p pe 1 30 815.70 1.006 93 5 4s4p 'P°
3d 4p Ipe 3 32 349.98 100
4sdp pe 0 39 002.20 94 6 3d4p °P°
1 39 115.04 94 6
2 39 845.52 94 6
4s4p lpe 1 55 715.96 91 5 3d4p 'P°
3d 5s D 1 57 551.88
2 57 614.40
3 57 743.92
3d 5s D 2 58 252.09
3d 4d F 3 59 528.42
3d 4d D 1 59 875.08
2 59 929.46
3 60 001.91
3d 4d 3G 3 60 267.16
4 60 348.46
5 60 457.12
3d 4d p 1 60 400.41
3d 4d 33 1 61 071.43
3d 4d F 2 63 374.63
3 63 445.16
4 63 528.54
3d 4d p 2 64 366.68
3d 4d 3p 0 64 615.77
1 64 646.70
2 64 705.89
3d 4d G 4 65 236.04
3d 5p Ipe 2 66 048.39 94 3 3pe
3d 5p D° 1 66 389.74 100
2 66 492.66 60 35 Spe
3 66 583.86 78 22 Spe
3d 5p Spe 2 66 459.64 62 37 3pe
3 66 563.73 78 22 pe
4 66 718.99 100
3d 4d s 0 67 216.56
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Sc 11—Continued
Configuration Term Level g Leading percentages
(cm™)
3d 5p 3pe 0 67 236.7 100
1 67 297.68 99
2 67 396.19 100
3d 5p Ipe 3 67 748.72 100
3d 5p lpe 1 68 498.06 95 4 4s4p 'P°
4p® D 2 74 433.3
3d4f ek 4 75 921.47 7 15 Ze
3d4f pe 2 75 308.13 89 8 Ipe
3 75 373.10 43 28 kel
4 75 470.24 65 22 ek
3d4f iGe 3 75 308.70 58 40 Spe
4 75 890.49 43 20 3pe
5 75 471.25 79 18 SHe
3d4f Ipe 3 75 559.46 65 15 3pe
3d4f SH° 4 75 561.00 71 22 Kek
5 75 610.83 7 21 3Ge
6 75 699.88 100
3d4f Ipe 2 75 590.8) 76 14 ipe
3d4f pe 1 75 650.90 92 4 lpe
2 75 680.69 76 14 Ipe
3 75 715.75 83 14 Ipe
3d4f Spe 2 75 912.58 90 7 Spe
1 75 951.88 77 16 lpe
0 75 994.43 100
3d4f H- 5 75 919.75 94 6 SHe
3d4f lp 1 76 073.28 79 19 3pe
4p° ’p 0 76 243.2
1 76 360.8
2 76 589.3
3d 6s D 1 77 195.19
2 77 256.99
3 77 387.17
3d 6s D 2 77 833.88
4s5s s 1 78 265.7
3d 5d I 3 78 394.05
3d 5d D 1 78 479.25
2 78 539.96
3 78 612.48
(Continued)
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Sc 1—Continued

Configuration Term J (Levexl) g Leading percentages
cm—
3d 5d 3G 3 78 648.06
4 78 718.21
5 78 820.24
3d 5d p 1 78 757.46
3d 5d S 1 79 174.74
3d 5d B3 2 79 852.02
3 79 925.59
4 80 001.24
3d 5d b)) 2 80 395.38
3d 5d a 4 80 711.71
3d 5d ’p 0 80 974.94
1 81 040.25
2 81 108.75
4sbs s 0 81121.77
4s4d D 1 82 791.8
2 82 806.3
3 82 828.3
3d5f ge 4 85 353.96 58 20 e
3d5f ’Ge 3 85 405.39 50 46 e
4 85 605.99 59 20 3pe
5 85 636.05 70 29 SHe
3d5f ’He 4 85 445.85 69 21 ’G°
5 85 504.42 61 28 He
6 85 666.26 100
3d5f 3 85 452.99 31 B Y Spe
3d5f D° 2 85 558.24 40 31 p°
3d5f Spe 4 85 580.8 56 30 G°
3d(*Dy,y) 58 2[%1] 5 85 587.87 100
4 85 588.17 100
3d5f De 1 85 591.59 75 14 lpe
2 85 661.0 4 39 D°
3 85 700.7 7 24 Ipe
3d(*Dy;) 5 %) 3 85611.4 99 1 (*Dy5) 2 %]
4 85 611.55 99 1
3d5f Ipe 3 85 622.6 44 25 Spe
3d(*Dy5)58 5] 5 85 659.66 9 (*Dsp) W]
6 85 660.42 95
3d(°Dy;5) 58 (%] 2,3 85 688.9 9 4 (*Dss2) 2 %]
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Sc 1—Continued

119

Configuration Term J Level g Leading percentages
(cm™)
3d5f 5pe 2 85 778.78 70 23 e
1 85 800.62 65 22 pr
0 85 832.20 100
8d(*Dy,y)5g %] 5 85 788.01 100
4 85 788.22 100
3d(*D;,,)5g ]| 5 85 803.49 % 5 Dy ) (Y]
6 85 804.11 95 5
3d5f 'H° 5 85 81740 89 10 H
3d(*D;,2)5¢ ") 3 85 819.8 99 1 (*Dy ) 2 %]
4 85 820.00 99 1
3d(*Ds/5)5g %) | 238 85 867.9 96 s (%D ) (%]
3d(*D;,5) 58 AR 85 877.52 100
6 85 878.48 100
3d(?Dy,,)5g 21%,] 1,2 85 915.9 100
3d Ts D 1 86 557.7
2 86 607.5
3 86 751.0
3d 6d G 3 87 233.09
4 87 295.23
5 87 405.48
3sdd D 2 89 940.27
3d6f G 3 90 821.1
4 91 074.4
5 91 094.7
3d6f SHe 5 90 937.9
3d6f g 4 91 062.5
3d6f e 3 91 083.4
3d6f D° 3 91 128.0
3d6f Spe 2 91 165.0
3d6f g 5 91197.0
Sc 11 (*Dy,5) Limit 103 237.1
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Scu

Z=21
K 1 isoelectronic sequence

Ground state: 15s25%2p%35%3p%3d D, ,

Ionization energy = 199 677.37+0.1 cm~' (24.75704+0.00005 V)

The early work on Sc 111 was reported by Gibbs and
White (1926), Smith (1927), and Russell and Lang (1927).

Two modern analyses of Sc 111 were published by Hol-
mstrom (1972) and Van Deurzen, Conway, and Davis
(1973). Holmstrom lists 64 observed lines between 557
and 8882 A. He states the uncertainty of his level values
as 0.4 cm~'. Van Deurzen, Conway, and Davis ob-
served 93 lines between 557 and 9371 A. Their level val-
ues have a reported uncertainty of less than 0.1 cm~". This
compilation is taken from Van Deurzen et al. except for
the *H terms given only by Holmstrom. They are derived
here from Holmstrom’s lines and the levels of Van Deu-
rzen et al.

Van Deurzen et al. calculated the ionization energy
from four members (n =5-8) of the ng series. Their value
agrees with the value calculated by Holmstrom with a
polarization formula. The uncertainty in eV is determined
by the uncertainty in the conversion factor.
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Sc 11
Configuration Term J Level Configuration Term J Levell
(cm™") (cm™)
3p8('S)3d 2p s 0.00 3p°(18)6d D A 165 592.55
% 197.64 A 165 603.29
3p°(*S)4s g Yy 25 539.32 3p%('8)Ts 29 A 166 157.17
3p%('S)4p 2pe Y 62 104.30 3p*(18)7p 2pe Y 169 637.96
A 62 578.18 A 169 685.9
3p*(’S)4d D %, 112 257.62 3pt(18)6f 2pe XA 171 787.64
A 112 302.95
3p%(1S)6g G /A 172 177.41
3p8('S)5s &) Y, 114 862.48
3p%(1S)6h 2He s Y 179 924.57
3p°('8)5p 2pe Yy 128 107.12
Yy 128 283.15 3p%(’8)7d D % 175 457.03
% 175 463.56
3p°(18)4f 0 A 136 873.87
P 136 874.12 3p°(1S)8s ) A 175 795.73
3p8(’8)5d p %, 148 130.03 3p8(18)7f 2pe A 179 214.70
% 148 150.14
3p°(18)7g G A 179 477.24
3p8('S)6s s Yy 149 194.03
3p%(1S)Th 2 oYy 179 508.87
3p5('S)6p Zpe Yy 155 489.78
% 155 575.20 3p°(18)8g G A 184 214.61
3p°('8)5f Fe %oy 159 472.24 Se1v ('Sy) Limit 199 677.37
3p%(1S)5¢ %G R 160 072.18
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Scv
Z=21
Ar 1 isoelectronic sequence
Ground state: 1s%25*2p®35?3p®!S,
Ionization energy = 592 732£3 cm™' (73.4900%0.0004 eV)

Four resonance lines were classified by Kruger, Wei- References
ssberg, and Phillips (1937). Smitt (1973) has carried out

121

the extensive analysis quoted here, which confirmed only =~ Kastner, S. O., Crooker, A. M., Behring, W. E., and Cohen, L. (1977),

. . . hys. Rev. 577.
two of the four resonance lines. The uncertainty of his Phys. Rev. Al6,

level values is estimated to be =2 cm™'. He calculated the 51, 1090.
ionization energy with a polarization formula, using Smitt, R. (1973), Phys. Scr. 8, 292.
3p°ng, nh, and ni terms.
The 3s 3p"5p 'P° term was observed by Kastner,
Crooker, Behring, and Cohen (1977) in absorption in a
high voltage spark.

Kruger, P. G., Weissberg, S. G., and Phillips, L. W. (1937), Phys. Rev.

Sc v
Configuration Term J Level Configuration Term J Levell
(cm™}) (cm™)
3s? 3p° 'S 0 0.0 3s? 3p° 4p 'p 2 384 661.3
3s® 3p° 3d 3pe 0 239 723.2 3s? 3p° 4p 1S 0 397 510.7
1 240 403.0
2 241 814.0 3s3p® 3d D 1 429 695.7
2 429 842.4
3s* 3p° 8d Spe 4 250 708.2 3 430 078.5
3 252 108.3
2 253 405.7 3s? 3p° 4d 5pe 0 440517.9
1 440 983.0
3s® 3p° 3d D 2 267 424.4 2 441 927.8
3s® 3p° 3d De 3 268 034.2 3s3p® 3d D 2 442 046.0
1 269 426.5
2 269 459.9 3s% 3p° 4d 3pe 4 442 558.6
3 443 191.8
3s® 3p° 3d g 3 271 055.4 2 444 4274
3s® 3p° 4s ipe 2 238 090.8 3s® 3p° 4d pe 3 445 207.5
1 334 405.1 1 447 622.4
0 337 340.1 2 448 725.1
3s? 3p° 4s 1pe 1 337 483.5 3s? 3p° 4d De 2 448 062.0
3s? 3p° 3d lpe 1 345 005.4 3s% 3p° 4d Ipe 3 448 607.8
3s? 3p° 4p ) 1 371 735.2 3s? 3p° 4d lpe 1 453 972.7
3s* 3p° dp D 3 378 077.0 3s® 3p°(*P5,5) 58 2%1° 2 459 496.9
2 378 418.6 1 460 426.9
1 380 148.3
3s? 3p°(?P; ) 5s A%l o 463 768.9
352 3p° 4p p 2 381 712.0 1 464 457.2
0 384 817.8
1 385 570.0 3s? 3p°(%P%,5)5p 2[ %) 1 474 764.4
0 480 286.6
3s% 3p° 4p p 1 383 5217.1
(Continued)
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Sc 1iv—Continued
Configuration Term Level Configuration Term J Lev_ell
(cm™Y (cm™)
3s? 3p°(*Ps,,) 5p 29,1 3 476 818.5 3s% 8p°(*P; ) s LA 542 052
2 477 018.0 ) )
3s? 3p°(*Pg,,)6g 210 | 2 543 642.4
3s” 3p°(*P5,) 5p 2% 1 477 746.6
2 478 213.2 3s? 3p°(?P5,5)6g 2,10 6 543 708.3
35” 3p° (°P3 ) 4f R | 1 478 495.9 35% 3p°(°P3,,) b2 AR 543 824.9
2 478 767.7
3s% 8p°(*P3,5)6h A 3 543 843.1
3s* 3p°(*P3,0)4f %) | 5 478 609.5 4 543 843.6
4 478 768.4
3s” 3p°(°P5,,)6h 6T 543 869.8
3s” 3p°(*P5,)4f 2[%) 3 479 452.9
2 480 097.9 3s% 3p° (%P3, 6 %101 4 543 892.1
5 5432 893.3
3s® 8p° (P p)4f (7] 3 479 908.9
4 479 933.2 3s” 3p°(*P%,5)6h 2[%) 4,5 543 942.1
35 3p°(°P},2)5p %] | 1 481 377.4 3s% 3p°(°P3,,)6h %1 56 543 971.2
2 481 975.2
3% 3p°(?P; ) 6g %1l 5 548 104.2
3s% 3p°(*P},5) 5p (Y, 1 481 939.9
0 484 972.9 3s% 3p° (%P5 ,5) 68 A 548 105.9
3s* 3p°(*P} ) 4f %) | 3 483 609.4 3% 3p°(2P3,5) 6k AN 548 236.5
4 483 708.0
3% 3p° (%P5 ,5)6h 2[%] 4,5 548 237.8
352 3p°(P: ,)4f AR 483 962.8 . ?
2 484 257.6 3s* 3p°(*P52) Th %1 67 556 840.9
3s” 3p°(°Ps.,)6s Rl | 2 511228.2 3s% 3p°(*P5,0) i 29%0° | 4,5 556 863.5
1 511 630.3
3s” 3p° (*P3,,) Ti HEANEEE: 556 871.3
3s” 3p°(?P5,5) 65 A1 | 1 515 738
3s 8p°(*P5,0)Th 1% 4,5 556 886.9
3s* 3p°(*P35)5g %1 | 2 521 999.2
3 522 004.8 3s® 8p°(*P5,0)Ti AVL1°1 5.6 556 900.8
3s* 3p°(*P3,5)bg 7 M 522 110.2 352 3p°(2P5,5) Th ]| 56 556 903.5
5 592 110.7
3s? 3p°(3P5,0)Ti 2139%,1°| 6,7 556 910.7
3s” 8p°(*P35) bg %1 | 4 522 304.5
3 522 307.3 3s* 3p° (%P} ,0)Th 2yl 56 561 191.0
3s” 3p°(*Py,5) 5g 1| 4 522 424.8 32 3p° (2P ) Th 2%1 | 45 561 191.0
5 522 425.7
3s% 3p°(*P5 ) Ti 2[,1°| 56 561213.9
3s* 3p°(°P35) bg %1 1 4 526 561.6
5 526 563.1 3s% 3p°(*P3,9) Ti 2%, 67 5612139
3s” 3p° (P} )5 %l | 4 526 571.2 Sc v (%P55) Limit 592 732
3 526 574.0
3s3p® 5p lp 1 652 700
3% 3p°(%P;,) Ts %00 11 537 845
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Scv

Z =21

Cl 1 isoelectronic sequence

Ground state: 15*25%2p®3s23p°2P3,

Ionization = 741 0002000 cm~' (91.9+0.2 eV)

Measurements by Beckman (1937) (=10 cm~") and by
Kruger and Phillips (1937) (x5 cm™') between 220 and
590 A in Sc v established the 3s23p*, 3s3p®, and 35%3p*4s
configurations. The level values given here for the
3s’3p*4s configuration are averages of their deter-
minations. For the *Ps,, and *P,,, levels, the values of
Kruger and Phillips are not in accord with the iso-
electronic sequence and are not used.

The values for 35*3p°*P° and 3s3p°S are from Smitt
(1973) (0.8 cm™"). The 3p*(*P)3d terms are taken from
Svensson and Ekberg (1968) (£10 cm™') and the
3p*('D)3d terms from Fawcett and Gabriel (1966) (20
cm™"). The 3p*5s terms were identified by Fawcett, Pea-
cock, and Cowan (1968), whose measurements at 180 A

are stated to be accurate to 0.03 A (£90 cm™Y).

The ionization energy was determined by extrapolation
by Lotz (1967).
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Scv
Configuration Term J Level Configuration Term J Lev_ell
(em™) (cm™)
3s* 3p° P %, 0.0 3s* 3p*(°P)4s p %, 386 387
Y, 4 89256 % 388 862
3s3p° 3 A 174 412.0 3s% 3p* (°P)4s p %, 395 498
p p

Y, 398 440

3s% 3p*(°P)3d p A 254 638
%, 257 284 3s% 3p*('D)4s D % 410 046
%, 410122

352 3p*(°P)3d D Y, 264 077
7 5 966 633 35 3p*(1S)4s %5 Y, 437 508

2 4.3 2 1

29 4.1 2 1 650 3s° 3p*(“P)5s P ] 550 800
3s°3p*('D)3d S /o 337 5 559 60D

2 3pi(*t 2 3 345 320
33 (D)3d P X 246 890 3s? 3p*('D)5s D % 556 020
g A 557 400

2 4,1 2 3 55 880 .

8" 3p'(D)3d D e 3 Se Vi (*Py) Limit 741 000
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Scvi

Z =121

S 1 isoelectronic sequence

Ground state: 15225s22p%3523p*3P,

Ionization energy = 892 700400 cm™' (110.68+0.05 V)

The analysis of Sc VI was initiated by Beckman (1937)
and by Kruger and Pattin (1937), who reported terms of
the 3s23p% 3s3p°, and 3s?3p*s configurations. The
353p°'P° term was found by Edlén (1942).

The 3s23p*3d configuration was observed by Svensson
and Ekberg (1968) and the level values given here (with
an uncertainty of about 5 cm™') are derived from their
observations.

The values for the two lower configurations (3s23p*
and 3s3p®) are from the more accurate observations of
Smitt, Svensson and Outred (1976).

The 3p’4s levels are derived from Beckman (£5 cm™')
and the 3p 34d and 5s levels are from Fawcett, Peacock,
and Cowan (1968) (£100 cm™'). Fawcett, Cowan, and
Hayes (1972) have observed transitions in the
3p*3d —3p*4f array, but they are not connected with the
present system.

We derived the ionization energy from the 3p3(*S°)4s
and 55 S° terms, adopting a value for the change in the
effective quantum number between them of 1.0247 ob-
tained from the 3p®ns terms of Cr vI from the analysis of
Ekberg (1973).
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Sc vi
Configuration Term J Level Configuration Term J Level
(cm™Y) (cm™Y)
3s? 3p* p 2 0.0 3s? 3p°(?P°)3d p 1 403 098
1 3 346.1
0 44511 3s? 3p%('S°)4s 8° 1 452 070
3s? 3p* D 2 21 393.0 3s? 3p3(*D°)4s Dr 1 472 402
b s X 2 472 566
3s” 3p S 0 49 224.6 3 473 001
3s3p® Spe 2 175 346.6 3s? 3p3(D° ) 4s Ipe 2 478 354
1 178 202.1
0 179 784.5 3s? 3p°(*P°)4s pe 0 491 820
; . 1 492 086
3s3p P 1 224 4704 2 492 800
3s? 3p*(*D°)3d Ipe 2 288 026 3s? 3p(°P°)4s 1pe 1 497 990
3s® 3p°(*D°)3d Ipe 3 323 226 352 3p3(‘S°)4d 3y 1-3 590 800
3s? 3p°(*D°)3d sge 1 835 099 352 8p3(*D°) 4d 1pe 2 619 600
3s” 3p°(*P*)3d ’p° 2 338 435 3s? 3p%(*D* )dd Ipe 3 622 500
1 239 807
3s% 3p°(“S°)5 se 1 648 100
352 3p%(*D")3d 1pe 1 241 955 5 3P (5% 4
3s% 3p(?D°)5s D 3 674 900
3s® 3p°(?P°)3d pe 3 351 787 &3 (DY 4
2 353 983 352 3p3(?D°)5s Ipe 2 676 700
1 3255 461
3s? 3p*(2P°) 5s lpe 1 696 400
35% 3p*(?P*)3d D | o2 363 456 il
Sc vir (4835/5) Limit 892 700
3s% 3p°(°P*)3d Ipe 3 375 740 32
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Sc v

Z =21
P 1 isoelectronic sequence

Ground state: 15°25*2p®35s?3p**S3,,

lonization energy = 1113 0002000 cm~' (138.0£0.2 V)

The levels are from the work of Ekberg and Svensson
(1970) and Smitt, Svensson, and Outred (1976). The levels
for the 3s?3p’ and 3s3p* configurations are taken from the
latter paper and have an uncertainty of about =2 cm~".
We have combined these values with the measurements
and classifications given by Ekberg and Svensson in the
wavelength range of 182-598 A to derive new level val-
ues for the 3p3d and 4s configurations. Most of the wave-
lengths used by Ekberg and Svensson are taken from
Beckman (1937), Kruger and Pattin (1937), and Fawcett
(1970). The uncertainty of these upper levels is about +10
cm™'. Since no intersystem transitions have been ob-
served, all of the doublets have an added systematic error

. L1

x,” relative to the ground term *S°. The wvalue of x

depends on the accuracy of calculations by Smitt,
Svensson and Outred and is expected to be less than +20
-1
cm™.
The ionization energy was obtained by extrapolation
by Lotz (1967).
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Sc vI
Configuration Term J Level Configuration Term J Lev_ell
(cm™) (em™)
3s% 3p° g % 0.0 3s? 3p*('D)3d D % 360 886 +x
3s% 3p® 2pe A 29562.5+x | 3s23p*('D)3d p A 372 840+ x
% 20 239.9+x A 374 187 +x
3s? 3p° 2pe A 49387.1+x || 3s*3p*('D)3d ’F %y 378 080+x
A 50 300.9+x iA 378 760 +x
3s3p* p A 175 055.0 3s? 3p?('D)3d 5 Yy 382 195+4-x
A 177 776.5
Y, 179 197.3 3s% 3p*(1S)3d p % 392 364 +x
i 393 884 +x
3s3p* p A 217 023.9+x 1
%, 217 326.5+x || 3s?3p*(°P)4s ‘p A 541 691
% 543 600
3s3p? p %, 250 443.6+x % 546 469
Y, 252 995.3+x
3s® 3p%(°P)4s ’p Y, 551 487 +x
3s3p* 5 Yy - 261 800.6+x A 554 782 +x
5
3s% 3p°(°P)3d p ¥ 829 516+x || 3s*3p%('D)ds D s 568 431 +x
i 1/: 332923 +x %, 568 574 +x
3s* 8p*(°P)3d ‘p %a 334 944 3s? 3p°('S)ds 5 Yy 597 518+ x
% 336 396
Y 337 224 Sc vt (°Py) Limit 1113 000

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



126 J. SUGAR AND C. CORLISS

Sc vl

Z =21
Si 1 isoelectronic sequence

Ground state: 15225%2p%3s23p2°P,

Ionization energy = 12750002000 cm™! (158.1+0.2 eV)

The study for this spectrum was initiated by Kruger
and Phillips (1937), who classified 15 lines as transitions
between the ground term and three odd terms 3s 3p“S°,
3s%3p3d°P° and 35%3p4s°P°. Phillips (1939) found
3s23p?'D, and 3s3p°®'P;. Fawcett, Gabriel, and Saunders
(1967) extended the 3p*—p3d array; Fawcett (1970) ad-
ded to the 3s*3p>—3s3p° array. Fawcett, Cowan, and
Hayes (1972) identified lines in 3p 3d —3p4f which are not
connected with the other levels.

Ekberg and Svensson (1970) reanalyzed the spectrum
using a compilation of wavelengths between 164 and 572
A. Smitt, Svensson, and Outred (1976) made new obser-
vations between 362 and 640 A. The level values for the
3s?3p* and 3s3p* configurations are taken from the more
accurate data of Smitt et al. and the values for 3s?3p3d
and 3s3p4s are derived by combining those values with

the wavelengths in Ekberg and Svensson. The uncer-
tainty of the level values from Smitt et al. is about £5
cm . Four intersystem transitions have been observed.

The ionization energy was obtained by Ekberg and
Svensson from an extrapolation formula.
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Sc vl
Configuration Term J Level Configuration Term J Levell
(cm™") (ecm™)
3s? 3p? p 0 0.0 3s% 3p3d pe 2 219 569
1 22719 1 992 541
2 5 507.7 0 223 673
3s? 3p? D 2 25 026.9 3s% 3p3d 5De 1 229 862
2 230 716
3s? 3p* s 0 54 864.4 3 231 153
3s3p° pe 1 179 962.3 3s% 3p3d e 3 263 462
2 180 032.7
3 180 503.6 3s? 3p3d pe 1 372 790
3s3p® Spe 0 207 690.9 3s? 3pds pe 0 603 5338
1 207 761.0 1 604 609
2 207 814.4 2 609 174
3s3p° D 2 228 618.3 35 3pds pe 1 614 090
3s3p’ ’s° 1 272 417.4 Sc 1x (2P%,5) Limit 1275 000
3s3p° pe 1 281 522.1
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Sc ix

Z=21
Al 1 isoelectronic sequence

Ground state: 15225%2p®3s23p P, ,

Ionization energy = 1452 0001000 cm™' (180.03+0.12 eV)

The initial work on the analysis of this spectrum was by
Kruger and Phillips (1937) and by Beckman (1937).
About a third of Beckman’s identifications were cor-
rected by Fawcett (1970).

Using the earlier measurements, Ekberg and Svensson
(1970) reanalyzed the spectrum between 90 and 540 A
and identified all the terms given here. They extrapolated
the position of 3s3p?*P along the isoelectronic sequence.
Since no intersystem transitions have been observed, we
use their extrapolation to establish the energy of *P,,
relative to the ground level. The error is indicated by x.

Smitt, Svensson, and Outred (1976) remeasured the
3s’3p —3s3p® array between 380 and 540 A and
determined the doublet terms of those configurations

with an uncertainty of £4 cm~™!. We used their term

values in combination with the earlier measurements of
Ekberg and Svensson to establish the higher doublet term
values.

The ionization energy was obtained by Ekberg and
Svensson from the nf series.

References

Beckman, A. (1937), Dissertation, Uppsala.

Ekberg, J. O., and Svensson, L. A. (1970), Phys. Scr. 2, 283.
Fawcett, B. C. (1970), J. Phys. B3, 1732.

Kruger, P. G., and Phillips, L. W. (1937), Phys. Rev. 52, 97.

Smitt, R., Svensson, L. A., and Outred, M. (1976), Phys. Scr. 13, 293,

Sc 1x
Configuration Term J Level Configuration Term J Levell
(cm™1) {cm™)
3s? 3p 2pe Y, 0.0 3s3p(*P°)4s pe Y, 822 056 +x
% 5 761.1 Y, 823 985+
% 827 620+x
3s3p? p Y, 143 500 +x
A 145 6221 3s® 4d D % 837 212
% 148 779+ x % 837 459
3s3p? D %, 191 609.3 35 4f 2 %, 889 330
A 191 987.1 A 889 38
3s3p* ] Yy 240 361.4 3s% 5s 23 Y, 979 930
3s3p* 2p Yy 255 829.4 3s% 5d D % 1070 740
¥y 259 153.7 % 1 070 850
3s® 3d D %, 313 860 3s% 5f 2 VA 1095 200
A 314 214 A 1095 250
3p ig° A 383 047 +x Sc x ('Sy) Limit 1 452 000
3s* 4s 5 Y, 666 259
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Sc x

Z=21

Mg 1 isoelectronic sequence

Ground state: 1s22522p°3s? 'S,

Ionization energy = 1816 200400 cm™' (225.18+0.05 eV)

The initial work on the analysis was done by Beckman References
(1937) and Parker and Phillips (1940).

Ekberg (1971), using wavelengths between 76 and 470  Beckman, A. (11993771))» DiSSﬁf‘;‘tiOﬂ» Ugi’salﬁ
A : Ekberg, J. O. ( , Phys. Scr. 4, 101.
A, taken frqm the papers above,' has f'edor.le the ar.lal}.lsm Fawcett, B. C. (1970), J. Phys, B3, 1732,
and determined all the levels given in this compilation

21 Fawcett, B. C. (1976), J. Opt. Soc. Am. 66, 632.
except the 3p° 'Sy, and the levels of 3p3d, 3p4d, and 3p4f.  Finkenthal, M., Hinnov, E., Cohen, S., and Suckewer, S. (1982),

These are taken from Fawecett (1970, 1976) and from Phys. Lett. A9, 284.
Kastner et al. (1978) The position of the trip]et terms Kastner, S. O., Swartz, M., Bhatia, A. K., and Lapides, J. (1978), J.
relative to the ground state is based on the observation of Opt. Soc. Am. 68, 1558.

.. o . . L. illips, L. W. , Phys. . 587, .
the transition 3s'S,—3s3p *P$ at 624.5%0.15 A in a to- Parker, W. L., and Phillips, L. W. (1940, Phys. Rev. 57, 140
kamak plasma by Finkenthal et al. (1982).

We derived the value for the ionization energy from
the 3snf *F° series.

Sc x
Configuration Term J Level Configuration Term J Lev_ell
(cm™) (em™")
3s? s 0 0 3sds IS 0 915 165
3s3p Spe 0 158 122 3s4p Ipe 1 980 604
1 160 128
2 164 435 3s4d D 1 1074 960
2 1075 140
3s3p p 1 236 490 3 1075 480
3p? 'D 2 372 398 3s4d Ip 2 1081 820
3p? °p 0 875 171 3pds 3pe 0 1098 960
1 377 778 1 1 100 500
2 382 713 2 1105 490
3p? 'S 0 440 480 3s4f 3pe 2 1118 590
, 3 1118610
3s3d D 1 455 897 4 1118680
2 456 084
3s3d 'D 2 516 218 3pdp 3p 2 1171 140
3 1175670
3p3d g 2 623 686
3 626 456 3 3
pdp P 0 1176 770
4 629 776 1 1178 390
2 1181 500
3p3d p 2 632 100
3p4 ) 1 1182 850
3p3d Spe 2 665 016 PP
3 666 356 3pad spe 1 1266 330
3p3d Ipe 1 6832 850 3pdd Ipe 3 1282 250
3s4s s 1 900 155 3pad 1pe 1 1283 5402
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Sc x—Continued

Configuration Term J Level Configuration Term J Level
(cm™Y) (cm™Y)
3pdd pe 1 1284 310 3s5d p 2 1 350 870
3paf G 4 1 306 910 3s5f g 4 1871 440
5 1 810 900 3 1371610
2 1371 640
3p4f S 3 1 309 320
4 1811 950 3s6f 3 4 1508 040
3 1508 140
3s5p 'p 1 1309 880 2 1508 290
3paf D 2 1319 890 Sc X1 (33y,5) Limit 1816 200
3s5d D 1 1352 010
2,3 1 352 020
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Sc xi

Z=21

Na 1 isoelectronic sequence

Ground state: 15225%2p%3s S,

Ionization energy = 2015060100 cm ™' (249.837+0.012 eV)

We have used the measurements and classifications of The value for the ionization energy was derived by
Kruger and Phillips (1939) between 97 and 523 Atode- Edlén (1978) from core polarization theory applied to the
termine the 3p, 3d, 4d, and 5f levels with an uncertainty  nf series (47 —7/).
of 10-100 cm™! and those of Edlén (1936) between 94
and 169 A for the 4s, 4p, and 4flevels with an uncertainty References
of =100 cm™". The 5s, 5p, 5d, 6s, 6p, 6d, 6f, and 7d levels
with an uncertainty of =100 are from Beckman’s (1937) Beckman, A. (1937), Dissertation, Uppsala.
measurements. The p, d, and f terms for n =8,9 are from gg:’:ﬂ“ ;“( f‘g“;‘(’f“‘z}";‘fyswl 01(:;,' 89176) 1. Opt. Soc. Am. 66, §95.
Fawcett (1976) and the 7p, 7f, and 10p are from Cohen

A & . Edlén, B. (1978), Phys. Scr. 17, 565.
and Behring (1976). These have an estimated uncertainty Fawcett, B. C. (1976), J. Opt. Soc. Am. 66, 632.

of =200 cm™. Kruger, P. G., and Phillips, L. W. (1939), Phys. Rev. 55, 352.
Sc X1
Configuration Term J (Levell) Configuration Term J (Lev_ell)
cm™— cm
2p°('S)3s ’s Y, 0 20°('S)6s ’s A 1 589 040
2p°(!S)8p 2pe Y, 191 274 20°(*S)6p 2pe A 1 609 500
EA 197 974
2p8('S)6d D Yo a 1635 270
2p°(18)3d p % 459 725
A 460 337 2p8('8)6f 2pe %, 1645 250
/A 1645220
2p°('S)4s 5 A 997 720
20°(*S)7p 2pe Yoo 1721700
2p°('S)4p 2pe v, 1051 640
A 1054170 2p8(18)7d D A 1736 900
2p°('S)4d p ¥y 1148 750 2p%(*$)7f pe WA 1743 800
A 1149 040
2p°(1S)8p 2pe A 1792 500
2p8(18)4f Zpe /A 1182 880
6,1 2 5
A 1182 980 2p°('S)8d D A 1802 700
2p°(’S)5s 3 Yy 1382 340 205('S)8f 2pe UA 1807 700
20°5('S)5p 2pe Y, 1418 260 2p°(’S)9p *pe Y, 1840100
% 1419550
2p°('S)9d p A 1 847 100
2p%('8)5d ) % 1465010
A 1465 120 205('8)9f 2pe /A 1858 500
2p°('S)5f Zpe % 1482 340 2p°('S)10p Zp- Yo 1875 000
, 1482410
Sc x1 (18y) Limit 2 015 060
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Sc xi

Z =21
Ne 1 isoelectronic sequence

Ground state: 1s22522p°'S,

Ionization energy = 5 543 9001000 cm ™' (687.360.12 eV)

Only resonance lines between 20 and 31 A are classified
by this system of energy levels. Edlén and Tyrén (1936)
identified transitions from the levels of the 2p°3s and 3d
configurations. The uncertainty in these level values is
probably 500 cm~'. Fawcett (1965) observed three
transitions arising from 2p°4d and from 2s2p®3p 'P. Feld-
man and Cohen (1967) observed eight transitions arising
from the 2p°3p, 4s, 4d, and 54 configurations. We have
adopted the more accurate values of Feldman and Cohen,
which give level uncertainties of #1000 cm™".

To determine the leading percentages for the 2p°3s and
2p°3d levels we calculated these configurations, using

Hartree-Fock radial integrals scaled according to fitted
values in Al1v by Artru and Kaufman (1975).

Kastner, Behring, and Cohen (1975) identified transi-
tions between 2p°3p and 2p°4d, but there is no connection
with the levels given here.

We derived the ionization energy by application of a
Ritz formula to the 25%2p°(*P5,2)nd Y3/2]° series for n =3,
4, and 5.
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Sc xu
Configuration Term J (%;v_ell) Leading percentages

2s° 2p° s 0 0

2s° 2p°(°P3,0)3s ()| 1 2245 100 % PR
25 2p°(*Pj ) 3s ()| 1 2280 800 % L G
2s° 2p° 8d 3pe 1 2 668 400 90 9 pe

2s* 2p° 3d pe 1 2714 700 60 37 p

25° 2p° 8d p 1 3 767 300 63 31 D°
2s2p° 3p 3pe 1 4 198 000

252p° 8p Ipe 1 4 215 000

25° 20° (%P5 0) 4s ()] 1 4 339 300

25° 2p°(?P35) 4s (Mo, ¥)° | 1 4 878 800

2s% 2p° (*P3,2) 4d A EAEST 4 521 000

25 2p°(°P3,0)4d %10 |1 4 557 900

252 2p° (°P3,5)5d %1 |1 4 892 800

252 2p°(?P55) 5d %10 |1 4 926 600

Se xu1 (2P3,5) Limit 5 543 900
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Sc X

Z=21
F 1 isoelectronic sequence

Ground state: 1522522p° ?P3,

Ionization energy = 6 103 000%12000 cm™! (756.7%1.5 eV)

The first work on this spectrum was by Fawcett (1965),
who classified lines of the 25%2p° —2522p*3s and 3d transi-
tion arrays between 24 and 28 A. This work was revised
and extended by Feldman, Doschek, Cowan, and Cohen
(1973), from whose improved wavelengths the 3s and 3d
levels are determined. Their estimated uncertainty of
+0.01 A gives a level uncertainty of 2000 cm™!. The
magnetic dipole transition 25s?2p°*P3,—'PS,, was ob-
served at 2637.24-0.2 A by Suckewer et al. (1980) from a
tokamak plasma. Their value has been adopted for the
ground term splitting. The 2s2p® *S term is from the mea-
surements of Kaufman, Sugar, and Cooper (1982), which
give a level uncertainty of =50 cm™'.

The composition of the 2p*3s and 2p*3d levels is from
Chapman and Shadmi (1973).

The 252p*3s ’P° term was identified by Feldman et al.
(1973).

The ionization energy was obtained by Lotz (1967) by
extrapolation .
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Sc X111
Configuration Term J Level Leading percentages
(cm™)
2s? 2p° pe A 0
A 37 908
252p° 5 Y 763 621
252 2p* (°P)3s ‘p s 3 513 300 96
A 3 530 600 72 24 (*P) %p
Yy 3 547 200 95
2s? 2p*(°P)3s p A 3 554 800 70 26 éP) ‘P
A 8 574 100 96
2s% 2p*('D)3s D % 3 619 500 96
A 3 620 800 94
2¢% 2p*(18)3s %3 Y, 3718 400 90
2s° 2p*(°P)3d ‘p A 3961 700 91
A 3 968 300 84
A 3 978 800 7
2s? 2p*(°P)3d F A 3 968 300 85
2s° 2p*(°P)3d p A 3974 100 58 32 (D) %P
A 4 000 300 48 28
2s° 2p*(°P)3d D % 3 984 200 42 25 (‘D) D
EA 4 004 800 45 2
2s? 2p*(°P)3d R A 3 987 400 65 12 ép) P
252 2p*('D)3d 3 Yy 4 054 200 92
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Sc x11—Continued

Configuration Term J Levell) Leading percentages
(cm™
25 2p*('D)3d 2F A 4 057 100 92
2s% 2p*('D)3d D % 40711700 57 23 (¢P) D
%, 4 084 300 63 22
2s° 2p*(1S)3d D % 4149 900 79
% 4 156 100 62 7 ¢¢P) D
252p°(°P°)3s 2pe A 4 242 100
Y, 4 264 200
Sc x1v (°P,) Limit 6 103 000
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Sc xiv

Z =21
O I isoelectronic sequence

Ground state: 1s?25s%2p* °P,

Ionization energy = 6 701 000+ 13000 cm™" (830.8+1.6 V)

The observed spectrum of Sc XIv consists of the strong
transition array 2s*2p*—2s2p°, which lies between 109
and 176 A, and the arrays 2p*—2p3s at 25A and
2p*~2p®3d at 23 A. The 'S, of 2p°® combines with
252p° 'P} at 157 A. The arrays at 25 A and 23 A were first
observed by Goldsmith, Feldman, and Cohen (1971). The
J=0 and 1 levels of the ground term could not be re-
solved at these wavelengths. Fawcett (1971) then ob-
served the 2s*2p*—2s2p° array and resolved the ground
term. The 2s2p° 'P{—2p® 'S, transition was reported by
Fawcett, Galanti, and Peacock (1974). We have deter-
mined the levels of the 25%2p* 252p° and 2p° config-
urations from the improved measurements of Kaufman,
Sugar, and Cooper (1982) who report a level uncertainty
of 50 cm™". Transitions between terms of different spin
were identified by these authors. The percentage com-
positions for these levels were provided by Kaufman and
Sugar (1982). Their calculation includes configuration in-
teraction between 2s*2p* and 2p°. Suckewer et al. (1980)
obtained the value 31 179+2 cm ' for the 2522p* *P,— P,
interval from a magnetic dipole line observed in a to-
kamak plasma.

Improved measurements of the 2p*—2p*3s array were
obtained from Doschek, Feldman, and Cohen (1973),

giving a level uncertainty of #1000 cm ™.

A revised analysis of 2p*—2p*3d by Fawcett and Hayes
(1975) is adopted here. A level uncertainty of 3000
cm™! is indicated. The subsequent revisions of this array
proposed by Bromage and Fawcett (1977), following a
new calculation, are included.

The ionization energy was evaluated by Lotz (1967) by
extrapolation.
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Sc xav
Configuration Term J Level Leading percentages
(em™)

252 2p* °p 2 0 96 4 'D

1 31174 100

0 35 351 94 6 s
25 2p* D 2 97 793 96 4 ’p
2% 2p* 'S 0 195 985 92 6 p
2s2p° Spe 2 664 488 100

1 689 445 99 1 pe

0 704 584 100
2s2p° lpe 1 912 990 99 1 ipe
2p° 1S 0 1 546 620 97 3 2s22p* 1S
2s? 2p%(8°)3s ’g° 1 3 848 500
252 2p°(*D*)3s D 1 2 929 400

2 2 930 800

3 2 938 200
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Sc xiv—Continued

Configuration Term Level Leading percentages
(cm™Y)
25 2p°(*D°) 3s 'p° 2 8 955 700
257 2p(?P°)3s spe 2 4 004 600
2% 2p%(%P°)3s p 1 4 033 900
2s% 2p°(18°)3d De 2 4 245 000
3 4 249 000
2s% 2p°(*D°)3d De 1 4 333 000
2 4 350 000
3 4 854 000
2% 2p°(*D")3d Spe 2 4 362 000
1 4 368 000
2s* 2p°(*D°)3d D 2 4 367 000
2s% 2p3(*D°)3d 8ge 1 4 878 000
2s? 2p°(2D°)8d pe 3 4 895 000
2s% 2p°(*P°)3d pe 2 4 407 000
1 4 419 000
252 2p°(2P°)3d p° 2 4 426 000
2s? 2p3(2P°)3d e 1 4 432 000
3 4 433 000
2 4 445 000
25 2p°(?P°)8d e 3 4 452 000
2s° 2p°(?P°)38d pe 1 4 493 000
Sc xv (S55) Limit 6701 000
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Sc xv

Z=21
N 1 isoelectronic sequence

Ground state: 15%25%2p°*S3,,

Ionization energy = 7481 000+ 15000 cm ™' (927.5+2.0 eV)

The transition arrays 25s’2p*—2s2p* and 2s2p*—2p°
were identified by Fawcett (1971). Connecting the quar-
tet and doublet levels is the intersystem line
25%2p* *S%,, —252p* ?Py, at 109.084 A found by Kaufman,
Sugar, and Cooper (1982). They gave improved mea-
surements of these arrays in the range of 109 —204 A with
an accuracy of +0.01 A and a level uncertainty of 50
cm™'. The percentage compositions of these levels were
supplied by Kaufman and Sugar (1982). Their calculation
includes configuration interaction between 2s%2p° and
2p°.

The 2p*3d terms are from the interpretation by Fawcett
and Hayes (1975) of the array at 22 A. Some revisions
were given by Bromage and Fawcett (1977) on the basis

of new calculations. The uncertainty of these levels is
+2000 cm ™.

The ionization energy is from Lotz’s (1967) extrapo-
lation.
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Sc xv
Configuration Term J Level Leading percentages
(cm™")
2s* 2p° is° % 0 98 2 2p°
2s? 2p° pe % 111 200 87 12 2pe
%, 121 960 100
2s% 2p° 2pe Yy 184 840 98 2 2p° 2p°
%, 200 450 83 13 2p® D°
25(%8)2p*(°P) p A 551 980 99 1 25(%8)2p*('D) 2D
% 577 220 100
Yy 588 360 99 1 25(%9)2p*('S) %8
25(*8)2p*('D) D /A 761 250 98 1 2s(§S)2p:(ZP) ZP
% 763 990 99 1 25(*S)2p"(°P) P
25(%8)2p*('S) 5 Yy 881 890 86 13 25(%8)2p*(°P) P
25(%8)2p* (°P) p Yy 916 720 99 1 2s(ZS)2p4(;D) D
Y, 951 660 87 13 25(28)2p%('S) %8
2p° 2pe A 1441710 98 2 2s%2p° 2pe
Y 1482190 98 2
252 2p2(°P)3d p A 4 636 200
2s* 2p*(°P)3d ip YA 4 671 800
A 4 679 000
2s* 2p°(°P)3d ’F A 4 683 200
25 2p*(°P)3d D A 4720 000
% 4783 300
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Sc xv—Continued

Configuration Term Level Leading percentages

(cm™)

257 2p%('D)3d p % 4 758 000
2s? 2p°('D)3d ’p YA 4768 600
A 4778 400

2% 2p%('D)3d p % 4789 200
25 2p%(18)3d D A 4 888 000
Sc xv1 (°Py) Limit 7 481 000
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Sc xvi

Z =21
C 1 isoelectronic sequence

Ground state: 15*25%2p2 °P,

Ionization energy = 8 140 000+ 16000 cm~' (10092 eV)

The °P ground term splitting was observed through
magnetic dipole transitions in a tokamak plasma by Suck-
ewer et al. (1980). They obtained the values
43543404 A (in air) for *Py—’P, and 4530.3+0.4 A
(in air) for 3P, —°P,.

The 2s?2p>—252p® array was classified by Fawcett
(1971) and by Fawcett and Hayes (1975), who also identi-
fied 252p°—2p* lines in the same region. These arrays
were reobserved by Sugar, Kaufman, and Cooper (1982)
in the range of 117-203 A with an accuracy of +0.01 A.
They reported several intersystem lines giving the posi-
tion of the singlet terms with respect to the ground term.
Their results are used in combination with the tokamak
observations to determine the levels of 2s22p?, 252p* and
2p* with an uncertainty of +50 cm~'. They have also
provided the percentage compositions of these levels, in-
cluding configuration interaction between 2s*2p? and 2p*,
The predicted value of 2s2p* *S° in brackets is from this
paper.

Levels of the 25s%2p 3d configuration are from the classi-
fications given by Bromage and Fawcett (1977) of

wavelengths observed at ~20 A. The configurations
252p3s and 252p?*3s were identified by Goldsmith, Feld-
man, Crooker, and Cohen (1972) from measurements at
~22 A with an uncertainty of #+0.005 A. Levels of these
configurations were obtained with an uncertainty of
+2000 cm ™.

The ionization energy is from the extrapolation by Lotz
(1967).
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Sc xvI
Configuration Term J Level Leading percentages
(cm™")
2s% 2p° P 0 0 95 4 25%2p° 'S
1 22 959 99 1 2p* °P
2 45026 92 7 25%2p% 'D
2s? 2p* D 2 123 360 92 7 p
252 2p* 'S 0 218 720 92 4 2p' 1S
25(%8)2p°(4S°) 58 2 [ 301 400] 99 1 25(28)2p%(?P°) °p*
25(%8)2p° (*D°) D 1 536 610 94 6 25(%8)2p%(%P°) *p°
2 537 720 9 3 25(%8)2p°(?P°) *p°
3 542 030 100
2s(%8)2p%(2P°) pe 0 628 600 100
1 630 250 96 3 25(’8)2p°(*D°) °D°
2 634 430 92 6 25(%8)2p°(*D°) °Dr
25(%8)2p%(18°) s 1 782 360 94 5 25(%8)2p% (?P°) 'p°
25(’S)2p*(*D°) D° 2 785 740 99 1 25(%8)2p°(?P°) °p°
2s(%8)2p%(2P°) pe 1 877 000 94 5 25(%8)2p(!8°) 38°
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Sc xvi—Continued

Configuration Term J Level Leading percentages
(cm™")
2p! p 2 1187 830 94 4 2p* D
0 1 221 300 99 1 25%2p% °p
1 1227 760 95 3 2p* 1S
2p D 2 1285 480 94 5 p
2p* s 0 1451 350 92 4 25%2p% 18
2s% 2p3s 3pe 1 4 606 000
2 4 646 000
2s? 2p3s pe 1 4 663 000
2s% 2p3d Spe 2 4 900 000
2s% 2p3d De 1 4 946 000
2 4 960 000
3 4 975 000
2s% 2p3d 3pe 2 4 982 000
1 4 986 000
25 2p3d p 1 5 029 000
2% 2p3d Ipe 3 5 028 000
252p?(*D)3s D 2 5120 000
2s2p*(“P)3d 5F 3 5 273 000
2s2p%(*D)3d 5F 4 5 430 000
Sc xv11 (%P3,,) Limit 8 140 000
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Sc xvii

Z=21
B 1 isoelectronic sequence

Ground state: 1522s%2p 2P3,

Ionization energy = 8 820 00020 000 cm™' (10942 eV)

The *P ground term splitting was determined from a
magnetic dipole transition at 2190.5+0.2 A (in air) in a
tokamak plasma by Suckewer et al. (1980).

Fawcett and Hayes (1975) classified the transition ar-
rays 2s’2p —2s2p® and 2s2p*—2p’. They were re-
measured by Sugar, Kaufman, and Cooper (1982) in the
range of 142-230 A with an uncertainty of +0.01 A, or a
level uncertainty of =50 cm~'. These authors identified
the two new terms 2p>?P° and *D° and the two inter-
system lines 252p2*Pyy5,,—2p* 2D3jns/ at 142.62 A and
145.84 A. Edlén (1983) suggested that these identi-
fications are inconsistent with the intersystem connection
found in a solar flare spectrum by Sandlin et al. (1976) for
isoelectronic Fe xx1. Edlén proposes the values
142.576 A and 145.773 A for these lines. A direct con-
nection to the ?P ground term from *P was found by
Denne and Hinnov (1984) in a tokamak plasma. They
identified the line at 352.5A as the transition
25%2p P53, —252p**Ps,,. It is within 0.02 A of Edlén’s
intersystem prediction and has been adopted here. The
percentage composition of the mixed configurations

25%2p +2p* and of the configuration 252p® are given by
Sugar et al.

The higher-lying configurations were identified by
Fawcett and Hayes from their measurements of the spec-
trum at 17-18 A with an uncertainty of +0.01 .ZL, ora
level uncertainty of #3000 cm™.

The ionization energy is from an extrapolation by Lotz
(1967).
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Sc xvii
Configuration Term J Level Leading percentages
(cm™)
2s% 2p 2pe A 0 97 3 2p° 2p°
% 45 637 97 3
2s2p* ‘p A 288 400 99 1 ]
% 306 680 100
P 329 320 99 1 D
2s2p* D % 516 640 99 1 ’p
A 520 630
2s2p” ] Y, 632 370 60 39 2p
2s2p? ’p Y, 682 220 61 39 s
% 694 950 99 1 D
2 50 % 896 870 98 2 pe
2p® 2pe ¥ 1008 090 94 5 2pe
% 1015 250 100
2p° 2pe A 1129040 97 3 25%2p 2p*
A 1142540 90 6 2p° D¢
2s% 3d p %, 5 219 000
% 5 224 000
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Sc xvii—Continued

Configuration Term J Level Leading percentages
(cm™)
2s2p(*P°)8p p Yo 5 325 000
% 5 856 000
252p(°P°)3p 2p A 5 431 000
%y 5 457 000
2s2p(°P°)3d ’D° A 5 529 000
2s2p(°P°)3d ‘D (A 5 532 000
2s2p(°P°)3d ‘pe VA 5 532 000
2s2p(°P°)3d 2pe VA 5 585 000
/A 5 609 000
252p(*P*)3d 2pe iA 5 765 000
252p('P°)3d pe % 5797 000
Sc xvir ('S,) Limit 8 820 000
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Sc xvii

Z=21
Be 1 isoelectronic sequence

Ground state: 1522s2'S,

Ionization energy = 9 780 000420000 cm™! (12132 eV)

Fawcett and Hayes (1975) identified the resonance
transition 2s2'S;—2s52p 'P;.  The transition array
252p —2p* was interpreted by Fawcett, Ridgeley, and
Hatter (1980), including the intersystem transition
252p *P; —2p? 'D,. However, no connection of this 'D,
level to the singlet system was given. The transition
25*'Sy—2s52p *P} was observed in a tokamak plasma at
348.6 A by Denne and Hinnov (1984). This agrees closely
with the interpolated value for 2s2p *P; given by Edlén
(1983). Unpublished measurements for these transitions
by Kaufman and Sugar with an uncertainty of =0.01 A
are used to derive these levels with an uncertainty of +50
cm™'. The interval 252p *P; —>P5 was observed as a mag-
netic dipole transition in a tokamak plasma at
2907.9+0.3 A (in air) by Suckewer and Hinnov (1982).

uncertainty of +0.01 A by Fawcett and Hayes (1975),
giving a level uncertainty of 3000 cm™'.

The ionization energy was obtained by Lotz (1967) by
extrapolation.
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The higher-lying configurations are from the
classifications of the lines at ~ 18 A measured with an
Sc xvin
Configuration Term J Level Configuration Term J Levell
(ecm™1 (cm™)
2s” IS 0 0 2s3p 1pe 1 5 692 000
252p 3pe 0 278 200 2s3d D 3 5775 000
1 286 860 2 5777 000
2 321 240
2p3p D 3 6 054 000
2s2p pe 1 553 440
2p3d De 3 6 160 000
2p° °p 0 732 070
1 754 860 2p3d Ipe 3 6 218 000
2 778 400
Sc X1X (28y,5) Limit 9 780 000
2p® D 2 856 160
2p* 's 0 1034 250
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Sc xix

Z=12]
Li 1 isoelectronic sequence

Ground state: 15225 °S,

Ionization energy = 10 388 200+3000 cm~"' (1287.98+0.37 eV)

The 25 --2p transitions were observed in a tokamak
plasma by Suckewer et al. (1980) at 279.8+0.2 A and

326. O+O 3A, giving the 2p levels an uncertainty of 300
cm ™. Goldsmith, Feldman, Oren, and Cohen (1972) iden-
tified the transitions 25 —3p, 4p, and 5p and 2p —3s, 3d,
4d, and 5d in the range of 11-19 A with a wavelength
uncertainty of +0.005 A. These results were extended by
Boiko, Faenov, and Pikuz (1978) to include 25 —7p and
2p —8d. They also classified transitions from doubly ex-
cited configurations. The 3d —4fdoublet was reported by
Fawcett and Ridgeley (1981). These levels have an uncer-
tainty of 4-2000 cm ..

Edlén (1979) derived the value for the ionization en-
ergy by means of a polarization formula applied to the
2p —nd series.
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Sc x1x
Configuration Term J Level Configuration Term J Lev_ell
(cm™Y) (em™)
1s* 25 3 A 0 1s% 5d D YosTa 8 800 000
1s*2p 2pe A 306 700 1s” 6p 2pe Yo, % 9272 000
A 257 400
1s* 6d p Yo, % 9 283 000
1s% 3s ] Y, 5 846 000
1s27p 2pe Yo, 9576 000
1s* 8p 2pe A 5 931 000 s
% 5 946 000 1s27d D A 9 578 000
1s* 3d p % 5 978 000 1s* 8d D A 9 764 000
% 5 982 000
Sc xx (}S) Limit 10 388 200
1s% 4s s A 7 853 800
1s(?8)2s2p('P°) Zpe A 34 664 000
1s* 4 2pe Y, 7 890 000
> : 1s2p* D or Ty 34 840 000
1s* 4d D / 7909 000
5/2 7 910 000 1s2p° p Yo 34 860 000
1s? 4fF 2pe A 7 910 000 1s2p? 5 A 35 047 000
1s? 5p L 2pe A 8 790 000
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Sc xx

Z =21
He 1 isoelectronic sequence

Ground state: 1s%'S,

Ionization energy = 45 770 0009000 cm ™' (5674.8+1.0 eV)

Because of the excellent agreement of the calculated
energies of the n =2 shell by Safronova (1981) with the
few well-measured spectra in the He 1 sequence, we have
compiled her results for the n =2 levels and for the ioniz-
ation energy. Detailed comparisons are given in the Intro-
duction. Levels of the n =3-5 shells are from the calcu-
lated binding energies by Ermolaev and Jones (1974)
subtracted from Safronova’s value for the binding energy
of the ground state. We have assumed an uncertainty of 2
parts in 10* for the excited levels relative to the ground
state, and for the ionization energy. This is equal to the
random deviation of the measurements by Aglitskii et al.
(1974) from the calculations by Safronova (see Intro-
ducton). For differences between excited levels where
A =0, we assumed an uncertainty of 2 parts in 10°

Observations by Boiko et al. (1978) place the 1s2p *P;
level at 34 660 000 cm~' and the 1s2p 'PS at 34 820 000
cm™! with an estimated uncertainty of 6000 cm™".

Percentage compositions are from Ermolaev and
Jones.
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Sc xx
Configuration Term J Level Leading percentages
(cm™)
1s? 's 0 0
1s2s 33 1 (34 448 120]
1s2p spe 0 (84 628 770]
1 [84 638 550] 96 4 pe
2 [34 682 810]
1s2s 'S 0 [34 645 360]
1s2p pe 1 (34 805 000 96 4 3pe
1s3s s 1 [40 790 620]
1s3p Spe 0 (40 840 530]
1 (40 848 100] 96 4 pe
(40 856 220
1s3s 'S 0 [40 842 480]
1s3p lpe 1 [40 889 690] 96 4 3pe
1sds ’S 1 [42 983 870]
1s4p Spe 0 [43 004 100]
1 (43 005 180] 96 4 Ipe
2 (48 010 770]
1sds IS 0 [43 004 390]
1sdp pe 1 [43 024 3801 96 4 3pr
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Sc xx—Continued

Configuration Term Level Leading percentages
(cm™h)
1s5s s [43 992 240]
1s5p spe [44 002 7201 95 5 pe
[44 003 270]
[44 006 140]
1sbs 'S [44 002 740}
1s5p pe [44 013 010] 95 5 pe
Sc X1 (%8,,5) Limit 45 770 000
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Z =21

H 1 isoelectronic sequence

Ground state: 1s S,

J. SUGAR AND C. CORLISS

Sc xxi

Ionization energy = 48 665 520420 cm™' (6033.804+0.016 eV)

No observations of this spectrum are reported. We give
calculated values by Mohr (1983) for the # =2 shell and
by Erickson (1977) for n =3-5 relative to the 2p 2P,

level. Further details are given in the Introduction.
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Sc xx1
Configuration Term Level Configuration Term J Levg]
(cm™Y) (cm™)
1s S Y, 0 4f Zpe % 45 638 321
A 45 639 807
2p 2pe Yy 26 477 160
¥y 36 549 404 5p 2pe A 46 721 966
% 46 726 587
2s S Yy 36 479 337
bs s Y 46 722 112
3p Zpe Yy 48 256 511
A 43277 925 5d ) %, 46 726 578
% 46 728 104
3s s Y, 43 257 181 )
5F g %, 46 728 101
3d ) % 43 277 887 A 46 728 862
A 43 284 947
5g °G PA 46 728 861
4p Zpe Yy 45 626 33 % 46 729 317
% 45 635 363
Limit 48 665 520
4s ) Yy 45 626 617
4d Ip ¥, 45 635 346
% 45 638 326
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Z=22
Ground state: 15s?25?2p®3s?3p®3d%4s*°F,
Ionization energy = 55010450 cm™' (6.820==0.006 V)

The structure of the arc spectrum of titanium was first
studied by Kiess and Kiess (1923, 1924) who classified 400
lines as members of the triplet and quintet systems. The
results are presented in the form of arrays of triplets and
quintets and tables of observed and calculated Zeeman
effects.

In 1927 Russell published his classical analyses of Ti1
and Ti1. He extended Kiess’ analysis of the triplets and
quintets in Ti 1 and established the singlet system. His list
of 142 terms is presented in nearly modern notation, with
the energy level values measured from the ground state
taken as zero. He also gave a table of wavelengths of 1394
classified lines between 9800 and 2100 A and a table of
observed and theoretical Zeeman patterns. Every term
was assigned to a definite electron configuration. A key
for translating Russell’s notation into that used at present
is given by Moore (1932). Russell determined an ioniz-
ation limit at 55100 cm~!, very close to the value of
Catalan and Velasco (1952) adopted here.

In 1928 Kiess calculated 3 decimal place term values
for 62 levels of Ti I from interferometer measurements of
Ti1 wavelengths. This work was revised by Kiess and
Thekaekara (1959), who give values for 152 Ti1 levels
with an uncertainty of +0.005 cm . These values will be
found in the present compilation.

The analysis of Ti1 was continued by Meggers and
Kiess (1932), who observed the spectrum between 8377
and 10 775 A. With these data they found the lowest term
of 3d*, a °D, within 500 cm™! of its position as predicted
by Russell. The infrared observations were later extended
to 11974 A by Kiess (1938), who found the next term of
3d*4, d °P.

The g-values for the a °F term were measured by Chan-
napa and Pendlebury (1965). The rest were calculated by
Moore (1949) from the Zeeman patterns quoted by Rus-
sell (1927). Moore has omitted the a 'S, level at 15 166
cm ™' given by Russell, following his advice. Russell ques-
tioned the reality of his level at 40883 cm~'!, and his
doubts were supported by the calculations of Roth (1969).
We have omitted this level. The *H term was privately
communicated to Moore (1949).

New measurements in the region 2117-3072 A by
Wilson and Thekaekara (1961) resulted in a revision of
level values for 16 high odd levels and the discovery of

Ti
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two new triplet terms, s °G° and p *F°, which have been
assigned to 3d°*(’F)4p by Smith and Siddall (1969). Smith
and Siddall also assigned 7 terms to 3d*4s5p or 3d*5p.

Levels given with two decimal places from the sources
mentioned above are assumed to have an uncertainty of
+0.05 cm™'. The percentage compositions for the even
parity configurations 3d%4s%, 3d’4s, and 3d* were calcu-
lated by Dembczynski (1980) with configuration inter-
action (CI). Those of the odd parity configurations
3d4s4p, 3d*4sdp, and 3d’4p were calculated by Roth
(1969) with CI. Both calculations were fit to the observed
energy levels. Roth’s designation changes for experi-
mental levels are adopted here. Roth distinguished re-
peating terms of the 3d’ core by the letters a, b, etc.
rather than by seniority. The percentages include the sum
of seniority states contributing to the term. Roth included
no experimental levels above 44 000 cm™' in his calcu-
lation. We have quoted his results for four terms above
44 000 for which agreement with experiment was clear. A
new calculation by Roth (1980) for the odd parity config-
urations could not be used because of errors in the eigen-
state percentages, which in many cases summed to more
than 100.
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Tii
Configuration Term Level g Leading percentages
(cm™))
3d? 45* a’F 2 0.000 0.66 100
3 170.182 1.08 100
4 386.874 1.25 100
3d3(*F)ds a’F 1 6 556.828 0.00 100
2 6 598.749 0.99 100
3 6 661.003 1.25 100
4 6 742.757 1.35 100
5 6 842.964 1.41 100
3d% 4% a'D 2 7 255.369 1.02 96 2 3d%(?D2)4s 'D
3d? 4s° a’P 0 8 436.618 92 7 3d%(%P)4s °P
1 8 492.421 1.50 92 7
2 8 602.340 1.49 90 7
3d3(*F)4s biF 2 11 531.760 0.67 100
3 11 639.804 1.08 100
4 11 776.806 1.26 98 1 3d%3s% 'G
3d” 4s? alG 4 12 118.394 0.98 90 8 3d%(%G)4s 'G
3d3(‘P)4s a’P 1 13 981.75 2.50 100
2 14 028.47 1.82 100
3 14 105.68 1.66 100
343 (%G )4s a’G 3 15 108.121 0.74 100
4 15 156.787 1.06 100
5 15 220.390 1.21 100
3d2(°F)4s4p (°P°) 2°G* 2 1587718 0.39 100
3 15 975.59 0.93 100
4 16 106.08 1.15 100
5 16 267.51 1.25 100
6 16 458.71 1.33 100
3d*(°F)4s4p(°P°) 2 5F° 1 16 817.19 0.00 94
2 16 875.19 98
3 16 961.42 1.26? 98
4 17 075.81 1.34 98
5 17 215.44 1.42 98
3d%(?D2)4s a’D 1 17 369.59 0.49 67 30 (*n1) D
2 17 423.853 1.17 67 30
3 17 540.205 1.34 67 30
3d%(*P)4s b°P 0 17 995.75 86 7 3d%3s* °p
1 18 061.54 87 7
2 18 145.40 81 7
3d%(*H)ds a’H 4 18 037.225 0.80 52 a4 (*G) ‘G
5 18 141.229 1.02 100
6 18 192.577 1.17 100
3d%(2G)4s b'G 4 18 287.560 1.02 48 48 (*H) °H
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Ti 1—Continued

Configuration Term (Levell) g Leading percentages
cm™
3d?(°F)4s4p(°P°) 2D | 0 18 462.83 94
1 18 482.86 1.65? 94
2 18 525.07 1.50 94
3 18 593.99 1.49 93
4 18 695.23 1.51 94
3d*(*P)4s ¢’p 0 18 818.23 94 5 3d*(°P)4s °P
1 18 825.89 1.54? 94 3 3d*(*P)4s °P
2 18 911.399 1.54 98 1 3d* °p2
3d*(°F)4s4p(°P*) 2 °F° 2 19 822.988 0.67 88 8 (‘D) (°P°) °F°
3 19 421.576 1.07 88 7
4 19 573.968 1.26 88 7
3d(°F)4s4p(°P°) 2°D° 1 19 937.859 84 8 P)(*P°) *D°
2 20 006.032 1.16 83 8
3 20 126.055 1.34 83 8
3d°(?P)4s a’P 1 20 062.98 1.03 98 1 p
3d%(*D2)4s b'D 2 20 209.444 1.01? 67 30 (*n1) 'D°
3d®(*H)4s o'H 5 20 795.599 1.01 100
3d2(°F)4s4p(°P) 23G* 3 21 469.494 0.75 95
4 21 588.496 1.05 95
5 21739.713 1.21 95
3d%(°F)4s4p (°P°) z'D° 2 22 081.198 1.00 86 10 épyép) e
3d2(°F)4s4p(°P°) z'F 3 22 404.69 1.00 97
3d2(°F)4s4p(°P°) zG° 4 24 694.895 0.97 94
3d%(°P)4s4p(°P°) 2% 1 24 921.110 1.99 90 7 3d%(%P)4p °8°
3d*(°P)4s4p(°P°) 2°%8° 2 25 102.88 1.93 93
3d*(°F)4s4p('P°) y °F° 2 25107417 4 25 3d3(‘F)4p °F°
3 25 227.217 1.06 43 25
4 25 388.334 1.21 41 23
3d°(‘F)4p y D" 1 25 817.813 0.50 49 34 3d2(°F)4s4p('P°) °D°
3d*('D)4s4p(°P°) 2 25 438.898 1.17 37 e 3d3(‘F)4p °D°
3d*('D)4s4p(’P°) z%p° 2 25 493.722 1.47 49 20 3d3(“F)4p *D°
1 25 537.276 1.50 64 22 3d2(°P)4s4p(°P°) °Dr
3d*(°P)4s4p(°P°) y°D° 0 25 605.08 51 32 8d%('D)4s4p(°P°) °P°
1 25 635.7) 65 19 3d2('D)4s4p(’P°) *P°
2 25 699.95 82 6 3d3(“F)4p °D*
3 25 797.60 56 19 3d3(“F)4p *D°
4 25 926.771 1.52 87 7 3d°(*F)4p °D°
3d*(°P)4s4p(°P°) 3 25 643.695 1.33 32 Do 32 3d°(*F)4p °D*

(Continued)
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Ti 1—Continued

Configuration Term (Levell) g Leading percentages
cm™
3d%(“F)4p y°G° 2 26 494.322 0.34 94
3 26 564.385 0.91 96
4 26 657409 1.15 98
5 26 772.965 1.25 100
6 26 910.705 1.34 100
3d*('D)4s4p(°P°) x °F° 2 26 803.417 0.66 58 19 CF) ('P°) °F°
3 26 892.926 1.06 57 20
4 27 025.652 1.23 57 20
3d*('D)4s4p(°P°) D | 1 27 355.042 78 12 P)(’P°) °D°
2 27 418.015 1.17 73 9
3 27 480.047 1.36 64 9
3d*(°F)4s4p('P°) yiG | 3 27 498.975 0.75 56 23 3d°(*F)4p °G*
4 27 614.667 1.05 55 23
5 22 750.124 1.21 53 24
3d*(®P)4s4p (°P°) 2P 1 27 665.57 97
2 27 740.19 91
3 27 887.74 79 16 (‘D) *p°) *D°
3d*('D)4s4p('P°) yD° | 2 27 907.026 0.98 32 2 3d4s*4p 'D°
3d*(‘F)4p yF | 1 28 596.293 0.00 98
2 28 638.832 1.01 98
3 28 709.768 1.24 98
4 28 788.372 1.34 98
5 28 896.062 1.40 97
3d* a’D 0 28 772.86 100
1 28 791.62 100
2 28 828.51 100
3 28 882.44 100
4 28 952.10 100
3d*(°F) 4s4p('P°) w D | 1 29 661.232 0.51 33 24 3d°(“F)4p °D°
2 29 768.655 1.16 29 21 3d*(‘F)4p °D*
3d°(°F)4s a'F 3 29 818.31 98 1 3d' 'F
3d*(‘F)4p D7 | 0 29 829.097 91
1 29 855.248 1.46 87 7 3d:(°P)4s4p (°P°) °D°
2 29 907.273 1.50 77 6 3d(°P)4s4p(*P°) 5D°
3 29 986.185 1.49 55 14 3d*(°F)4sdp('P°) °D°
4 30 060.328 1.49 91
3d*(‘F)4p 3 29 912.262 1.34 35 D° 20 3d2(°F)4s4p('P°) *D°
3d%(1G)4s4p(°P°) x3%G° | 3 29 914.720 70 19 CP) (P 3G
4 29 971.078 72 19
5 30 039.211 1.19 71 19
3d*(°P)4s4p(°P°) v ®D° 1 31 184.021 0.51 7 16 (‘D) (*p°) *D*
2 381 190.631 1.17 68 15
3 31 205.985 1.34 69 14
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Ti 1—Continued

151

Configuration Term Level g Leading percentages
(cm™
3d*("F)4p wiG'| 3 31 373.801 0.75 0 21 3d%(°F)4s4p('P°) °G°
4 31 489.451 1.05 69 22
5 321 628.668 1.19 69 22
3d2(°P)4s4p (°P°) yp° 0 31 685.90 85 7 3d°(*P)4p °P°
1 3172575 1.47 85 6
2 31 805.94 85 6
3d%('G)4s4p(’P°) z °H° 4 31 829.972 0.80 85 11 3d3(%G)4p *H°
5 31 914.277 1.04 86 10
6 32 013.534 1.17 86 10
3d*('D)4s4p(*P°) y e 3 32 857.721 0.99 36 4 3d°(*G)4p 'F*
3d3(“P)4p x °p° 0 33 085.153 33 34 3d2(°P)4s4p('P°) °P°
1 38 090.492 1.46 33 34
2 33 114.412 1.46 34 34
3d*(‘F)4p wie | 2 323 655.853 0.66 54 30 3d*(°F)4s4p('P°) °F°
3 33 680.130 1.09 53 30
4 33 700.874 1.26 53 30
3d*('D)4s4p('P°) z'pP° 1 33 660.671 0.94 37 29 ¢éP)(p) p°
3d*('G)4s4p CP°) v °F° 2 33 980.639 0.63 81 9 3dds*4p °F°
3 34 078.580 1.10 83 9
4 34 204.971 1.23 84 8
3d* d®P2| o0 34 170.95 56 41 p1
1 34 327.96 56 41
2 34 535.04 56 41
3d3(*G)4p z'H° 5 24 700.212 1.02 58 26 (*H) 'H°
3d%(°P)4s4p (°P°) y1pe 1 24 947.120 54 26 (D) (*p°) 'p°
3d*(°P)4s4p (’P°) xD° 2 35 035.147 56 12 Cr) (p°) D°
y3s° 1 95 439.228 2.18
3d3(2G)4p y *H° 4 95 454.051 0.79 84 13 3d2(1G)4s4p(°P°) *H®
5 35 559.627 1.04 85 12
6 35 685.160 1.17 85 12
3d°(‘P)4p wD| 0 35 50340 99
1 35 527.76 1.51 99
2 35 577.14 1.53 99
3 35 652.95 1.46 99
4 35 757.51 1.46 99
3d? 4s('F)5s e °F 1 35 959.07 0.00
2 36 013.57 1.03?
3 36 096.47 1.24
4 36 208.92 1.34
5 36 351.43 1.42
3d%(1G)4s4p('P°) y G 4 26 000.144 1.00 45 32 3d%(*G)4p 'G°
(Continued)
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Ti 1—Continued

Configuration Term J (Levell) g Leading percentages
cm—
3d* b 3 36 065.75 100
4 36 132.21 100
5 36 200.94 100
3d3(*P)4p y%P° 1 326 298.43 2.47 o7
2 36 240.67 1.81 97
3 36 414.58 1.66 98
3d%(a 2D)4p wP | 0 37 090.65 35 35 (‘P) °p°
1 37 172.947 1.53 36 35
2 37 325.407 1.48 33 33
3d3(*P)4p y 08 2 37 359.13 1.99 90
3d” 45(*F)5s e’F 2 37 538.804 0.67
3 37 659.927 1.11
4 37 824.748 1.27
3d%(*G)4p viG° | 3 87 555.021 0.77 7 7 3d*('G)4sdp(’P°) *G*
4 37 617.868 1.05 81 7
5 37 690.820 1.20 85 7
3d 4s® 4p x'F | 3 37 622.573 0.94 25 16 3d2(*G)4s4p('P°) 'F°
3d%(a 2D)4p uF | 2 37 654.77 0.65 19 20 (*G) °p°
3 37 743.933 1.08 26 14
4 87 852.484 1.24 41 26
3d2(*P)4sdp('P°) u’De 1 37 852.091 0.53 42 17 3d3(2P)4p °Dr
2 37 976.78 1.14? 41 17
3 38 159.71 1.35 39 17
3 (2 1qe 2,3 3pey 1Qe
3d*(*P)4p 2's 0 328 200.94 80 18 3d2(°P)4sdp(°P°) 'S
3d°(*G)4p ¢ 2 38 451.298 0.66 58 2 (a ’D) °F°
3 38 544.38 1.08 55 30
4 38 670.710 1.25 52 34
3d3(*H)4p 2% 5 38 572.692 0.81 100
6 28 668.832 1.02 100
7 38 779.856 1.15 100
3d°(*P)4p ¢3D° 1 38 654.23 0.54? 37 22 3dds*4p °D°
2 38 699.767 32 20
3 38 764.832 1.32 32 20
3d3(*G)4p 2G| 4 38 959.499 1.02 50 29 (*H) 'G°
3d%(a 2D)4p x 1P 1 39 077.713 73 16 (*P) 'p°
3d*(*F)5s f°F 1 39 107.25
2 39 149.26
3 39 214.38
4 39 302.36
5 39 412.78
3d%(*H)4p x3H | 4 39 115.958 0.88 93
5 29 152.057 1.02 85 12 3d*('G)4s4p('P°) *H°
6 39 198.320 1.18 85 12 3d%('G)4s4p('P°) *H°
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Ti 1—Continued

153

Configuration Term (Levell) g Leading percentages
cm™
3d°(*P)4p w'D*| 2 39 265.80 1.06? 30 28 3d4s*4p 'D*
3d3(‘F)5s fiF 2 39 526.89
3 39 640.98
4 39 785.94
3d%(a D)4p s°D° 1 39 662.15 0.52 54 14 (*P) °Dr
2 39 686.10 60 17
3 39 715437 1.1 55 20
3d%(a D)4p wlF | 3 40 302.950 1.05 82 7 3d%('D)4s4p('P°) 'F*
3d*(*H)4p 21 6 40 819.80 1.03 99
3d 4s% 4p v 3p° 0 40 369.76 37 23 3d2(°P)4s4p(*P°) °P°
2 40 466.979 36 21 3d%(°P)4s4p('P°) °p°
3d°(*P)4p 1 40 384.58 30 35w 3d4s%4p °P*
3d3(*P)4p réD° 1 40 556.07 0.49 44 22 (a D) °D°
2 40 670.60 43 2
3 40 844.19 40 25
3d*(*P)4p x %S 1 40 844.19 57 13 3d4s®4p °P°
3d%(*H)4p yH° 5 41039.874 1.03 a1 4 (*¢) 'B°
3d® 45(°F)5s e'F 3 41 087.31 1.01
3d® 4s(‘F)5p? u®Ge | 3 41 170.008 0.73
4 41 255.400 1.03
5 41 841.558 1.19
3d* 4s('F)4d e G 3 41 194.42
4 41 368.86
5 41 481.13
3d 45 4p s 5F° 2 41 337.43 0.66 66 18 3d%(a D) 4p °F°
3 41 457,653 1.09 67 19
4 41 624.209 1.24 68 18
3d% 4s(‘F)4d e’H 4 41 515.09
5 41 556.33
6 41 615.02
3d3(*G)4p T 3 4158524 43 31 3d%('D)4sdp(*P°) 'F°
3d? 4s(“F)4d e G 2 41714.35
3 41 1757.47
4 41 818.70 1.12
5 41 903.48 1.24
6 42 019.22 1.34
3d? 4s(‘F)5p wiH| 4 41 780.95
5 41 895.15
6 41 995.39

(Continued)
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Configuration

Term

Level
(cm™h)

g

Leading percentages

3d? 4s(‘F)5p

3d% 45(*F)4d

3d? 4s(*F)4d

3d% 4s(‘F)4d

3d°(°P)4p

3d 4s% 4p

3d® 4s(*F)5p?

3d? 4s(*F)4d

3d® 4s(‘F)4d

3d% 4s(*F)5p

3d°(°F)4p

3d%(a ?D)4p
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v °D*

e’H

e’D

g°F

u’pe

q 3Do

p 3De

e P

w P

g°F

r3F

~N Sy U W B N = O

W — o

w N

W o = 0D —

W o =

Ot W DN~

W Do

41 822.99
41 854.01
41 906.51
41 985.88
42 092.42

41 823.19
41 917.05
42 018.01
42 123.17
42 205.59

41 871.56
41 901.36
41 958.51
42 052.72
42 184.66

41 871.87

41 988.39
42 107.06

41 928.528
41 943.95
41 959.46

42 146.39
42 206.88
42 311.269

42 194.04
42 269.78
42 376.45

42 611.58
42 724.11
42 858.90

42 927.55
43 034.08
43 080.92
43 148.15
43 231.99
43 330.07
48 }67.55
48 583.14
43 744.55
43 674.130
43 710.28

43 799.455

115
1.22
1.28

1.32

1.64

1.00?

0.95

0.98

38
36
36

39
21
39

36

38

37
36

14
20

30

29

(a ?D) ®P°

3d*(°P)4s4p('P*) *D°

(2H) lGo

3d*('D)4s4p('P°) 'D*
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Ti 1—Continued

Configuration

Term

Level
(cm™")

4

Leading percentages

3d3(‘F)4d

3d? 4s(‘F)5p

3d? 4s(*F)5p

3d%('G)4s4p('P°)

3d°(“F)4d
3d? 4s(*D)5s

3d*(*F)5p

3d(“P)4p

3d°(‘F)5p

3d? 4s(*F)4d

3d°(‘F)4d?

3d* 4s(°F)4d

3d? 4s(*F)6s

3d* 4s(*F)4d
3d% 4s(*P)5s
3d% 4s(*F)5p

3d% 4s(*F)6s

f°H

0 %D’

£3G°

x ‘"

D

e'D

q 3Fo

ws°

n3D°

¢%pe

e'H

f°G

f'H

h°F

elG
e’P
u'Ge

h°F

oYy W

[“-RE SR

= o [Sa 9

> W N

QU O N~ [=r IR = SO W

>

43 843.82

43 901.630
43 971.513
44 051.333
44 134.639

48 975.71
44 079.84
44 233.65

44 162.44
44 375.57

44 168.24

44 254.39
44 381.17

44 581.16

44 824.13
44 922.78
45 040.81

44 858.08

44 966.39
45 063.80
45 206.27

45 040.70
45 090.73
45 178.06

45 485.35

45 689.89
45711.28
45 756.45?
45904.73

45721.878
45 832.50
45 960.439
45 764.71
45 813.01
45 893.26
46 007.62
46 157.76
46 068.04
46 244.60
46 257.67

46 530.45

091
111
1.21
1.29

1.18?

1.03

0.80
1.03
1.17

0.95

72 27 3d3(*H)4p 'H°

59 35 3d*(*P)4sdp('P°) °8°

(Continued)
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Ti 1—Continued

Configuration

Term

Level
(cm™h)

g

Leading percentages

3d? 4s(’F)4d

3d3(?F)4p

3d% 4p®

3d? 4s(*F)4d

3d*(*F)4p

3d®('F)6s

3d% 4s(*F)5d

3d? 4s(*F)5d

3d* 4p°

3d? 4s(*F)5d

3d3(*F)4p

3d® 4s(*F)5d

3d*% 4p*

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

f'F

s%G°

g°G

i’F

P 3Fo

i 5F

g°H

hG

J°F

gD

u'F°

e’D

> W Ut s W N~ Ty O A O = Ok W [V V] = o S U WO N [Sa B VL]

[SARE =L V]

Lo = N

46 650.26

46 725.42
46 838.09
46 974.65

46 943.91
47 030.28
47 139.86
47 280.69
47 446.84

47 038.16
47 194.68

47 187.54
47 281.90
47 463.06

471777.32

47 840.62
47 913.61
47 994.32
48 106.83
48 262.83

47 870.61
47 936.79
48 018.08
48 119.47
48 233.47

48 058.85
48 107.42
48 208.87
48 328.81
48 462.11

48 059.82
48 186.11

48 365.09

48 519.21
48 588.28
48 672.66
48 771.73

48 724.34
48 724.83
48 839.74

87 11
87 10
97

97
86 11
81 10

48 24

(ZF) 3Fo

(ZF) 3Ge

3d4s*4p 'F°



ATOMIC ENERGY LEVELS OF POTASSIUM THROUGH NICKEL 157

Ti 1—Continued

Configuration Term (Levell) g Leading percentages
cm~

3d? 4p® A°D 0 48 802.32
1 48 859.51

2 48 915.07

3 49 024.43

4 49 036.46

D 2 49 571.69

3 49 619.72

D 2 50 128.08

'c 4 52 125.98

e'P 1 53 663.32

Ti 1l (‘Fyy) Limit 55 010
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Tiu

Z=22
Sc I isoelectronic sequence

Ground state: 1525%2p35*3p%3d%s *F,,,

Ionization energy = 109 494420 cm™' (13.5756+0.0025 V)

An analysis of this spectrum was carried out by Russell
(1927). He reported 116 energy levels derived from 464
lines in the range of 1906-6717 A. New observations by
Huldt, Johansson, Litzén, and Wyart (1982) in the region
of 1100-11000 A with a wavelength uncertainty of
+0.02 A or better resulted in nearly doubling the known
number of lines and energy levels. They have also calcu-
lated the percentage compositions for the even config-
urations 3d°, 3d%4s, and 3d4s? with configuration inter-
action (CI) as well as 3d*5s and 3d%4d; and for the odd
configurations 3d*4p, 3d*Sp, and 3d4s4p with CI. Their
results are quoted here. The level uncertainty is 0.1
cm™!

Huldt et al. determined the value for the ionization
energy from the 3d°CF)ns 4f;,, series for n =4, 5, and 6.
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Tin
Configuration Term J Level g Leading percentages
(cm™)
3d*(°F)4s a'F A 0.00 100
%, 94.10 100
A 225.73 100
% 393.44 100
3d? b'F % 908.02 100
A 983.89 100
A 1 087.32 100
VA 1215.84 100
3d2(°F)4s a’F A 4 628.58 99
A 4 897.65 99
3d2('D)4s aiD % 8 710.44 0.80 72 17 3d° D2
%, 8744.25 7 16
3d° a’G A 8997.71 9
s 9118.26 96
3d? a'P Y, 9 363.62 2.63 96
% 9 395.71 1.74 93
% 9 518.06 100
3d° a’P Yy 9 850.90 0.66 62 24 3d*(°P)4s P
A 9 975.92 1.33 48 21 3d*(°P)4s ‘P
3d2(°P)4s b ‘P Yy 9 872.73 2.60 90
A 9 930.69 72 18 3d® 2P
A 10 024.73 99
3d° %)) % 12 628.73 53 26 D1
s 12 758.11 54 2

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




ATOMIC ENERGY LEVELS OF POTASSIUM THROUGH NICKEL 159
Ti 1—Continued
Configuration Term J (Leve‘l) g Leading percentages
o
3d* a’H s 12 676.97 100
A 12 774.69 100
3d%('G)4s %G | % 15 257.43 96
/A 15 265.62 96
3d*(°P)4s b%P Yy 16 515.86 0.66 72 28 3d* ?p
% 16 625.11 1.33 72 28
3d® bF Y, 20 891.66 99
A 20 951.62 99
3d 4s* ¢D A 24 961.03 73 14 3d® *D1
% 25 192.79 7 15
3d*(°F)4p ziGe % 29 544.37 98
A 29 734.54 99
A 29 968.30 100
w, 30 240.88 100
3d*(°F)4p 2 F° %y 30 836.32 9
% 30 958.50 98
yA 31 113.65 98
% 21 301.01 99
3d*(’F)4p 2 %F %y 31 207.42 85
VA 31 490.82 88
3d*(°F)4p 2D | Y 31 756.51 0.92 82
A 22 025.47 1.20 7
3d%(*8)4s a’s Y, 31 787.75 100
3d° d®m1| % 32 275.32 58 25 3d4s® D
% 32 332.73 57 27
3d*C’F)4p 2D | Y 32 532.91 0.00 97
A 32 602.55 1.20 94
YA 32 697.99 1.37 90
A 32 767.07 96
3d*(°F)4p 2% | Y 34 543.26 95
% 34 748.40 95
3d*(°P)4p 2% Yy 327 430.58 2.09 99
3d*('D)4p yi° | % 39 476.80 55 25 (‘D) %F°
A 39 602.75 1.21 48 36 (‘D) ?p°
3d%('D)4p 2% % 39 223.28 58 36 (‘D) pr
Y, 39 674.66 98
3d*('D)4p y e A 29 926.66 63 2 ('D) ?D°
YA 40 074.52 85
3d*(°P)4p 28 A 40027.11 95
(Continued)
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Ti 1—Continued
Configuration Term J (Levell) g Leading percentages
cm—
28 40 1
3d2(°P)4p v4D A 40 330.16 97
% 40 425.59 96
% 40 581.49 9
/A 40 798.30 93
3d*(*P)4p 2p° A 41 996.57 97
¥, 42 068.52 97
% 42 208.59 97
3d2('G)4p yiG° A 48 740.65 95
% 43 780.79 95
3d*(*P)4p x 2D° A 44 902.29 82
% 44 914.70 80
3d:(°P)4p y 2p° Y, 45 472.97 95
% 45 548.76 94
3d%(!G)4p z ’H° %, 45 673.62 99
1, 45 908.53 100
3d*('\G)4p x 2F° /A 47 466.54 91
% 47 624.88 92
3d(*D)4s4p(’P*) pe %, 52 330.33 95
% 52472.12 93
Yy 52 705.16 94
% 53 096.83 99
3d(*D)4s4p(°P°) D° Y, 592 339.34 97
% 52 459.38 94
% 59 631.00 91
/A 59 846.65 92
3d(*D)4s4p(°P°) wD | % 53 554.76 88
¥, 5859710 88
3d(*D)4s4p(°P°) yP° Yy 56 222.81 91
% 56 249.10 9
% 56 8925.70 97
3d(*D)4s4p(°P°) wi¥ | Y, 59 399.65 94
/A 59 468.02 95
3d(*D)4s4p(3P°) 2pe A 59 387.68 83 16 3d2('8)4p 2P*
Y 59 439.94 79 20
3d%(°F)5s e'F YA 62 180.16 100
A 62 272.16 99
A 62 410.78 99
%, 62 595.03 100
3d%(°F)5s elF % 63 169.02 99
YA 63 445.88 99
3d*('S)4p 2pe Yy 62 276.60 76 20 3d(*D)4s4p(°P) 2P*
% 63 375.08 81 16
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Ti 1—Continued

161

Configuration Term J Levell g Leading percentages
(em™)
3d2(°F)4d e’G % 64 886.48 96
A 64 979.15 95
A 65 095.80 93
1, 65 243.46 93
3d*(°F)4ad e'H [A 65 186.75 9%
- % 65 308.30 93
A 65 446.27 93
¥, 65 590.19 100
3d2(°F)4d ‘D A 65 213.80 99
% 65 274.60 99
A 65 397.57 80 18 3d*(°F)4d °F
P 65 598.73 49 49 3d*(°F)4d °F
3d%(°F)4d i % 65 314.27 5 19 ‘D
A 65 460.01 a7 51
3d2(°F)4d ’p Y, 66 521.01 93
%, 66 794.01 91
3d*(°F)4d e’G YA 67 606.04 91
% 67 822.49 91
3d2(°F)4d e*H % 68 331.02 95
1, 68 584.28 95
3d%(°F)4d p % 68 364.39 86 11 3d%('D)4d D
A 68 482.41 85 12
3d*(°F)4d f'F Yy 68 769.19 96
%% 68 846.52 9
A 68 951.98 96
VA 69 084.44 96
3d (*D)4sdp('P°) v ?D° % 69 827.52 65 31 3d%(°F)5p D
s 69 622.63 65 31
3d(°F)5p v iF° % 70 607.53 54 41 3d(*D)4s4p('P°) %F*
A 70 892.79 55 41
3d*(°F)5p ‘G s 71 461.59 98
A 71 586.06 99
% 71 747,46 100
A 71 945.90 100
3d*(*F)5p ‘Fe s 71728.62 100
% 71 825.81 99
A 71 960.29 99
% 72 126.70 99
3d%(°F)5p ‘D Y, 72 270.31 100
A 72 337.97 99
A 792 451.52 99
/A 72 608.85 99
3d*(°F)5p Ge % 72 884.04 99
% 78133.35 99

(Continued)
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Ti n—Continued
Configuration Term J Level g Leading percentages
(ecm™)
3d(°D)4s4p('P°) Fe YA 78 521.67 51 45 3d2(°F)5p F°
/A 73 800.67 52 44
3d(*D)4s4p('P°) Zpe Yy 73 627.82 86
% 78 950.01 86
3d*(°F)5p pr A 74 878.67 67 2 3d(*D)4s4p('P°) D°
% 74 645.08 67 2
3dEC’F)4f ‘He YA 81 627.64
VA 81 676.30
1, 81 752.98
A 82 072.8
3d2(’F)4f Ge /A 81 685.81
% 81 842.09
3d2C’F)4f iGe % 81 724.17
JA 81 860.84
A 82 078.43
1y, 82 103.06
3d2(’F)4f 0 % 81738.13
A 81 889.46
13, 81 919.58
A 82 216.91
32 (’F)4f pe % 81 773.98
VA 81 806.88
% 81912.92
%% 82 147.54
3d*(’F)4f pe A 81 867.70
VA 81 996.83
Y, 82 043.85
3d2(°F)4f e %, 81 923.99
A 82 183.31
3d2(°F)4f 2pe % 81 948.25
A 82 151.31
3 (°F)4f e 1y, 82 001.01
A 82 284.22
3d*C’F)4f “Dr A 82 008.55
%, 82 020.94
/A 82 132.99
% 82 246.37
3d%(’F)4f ipe % 82 065.47
% 82 818.91
3d2(°F)4f 5 A 82 304.25
3dE(°F)4f 2pe A 82 369.97
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Ti 1—Continued

Configuration Term J (Levell) g Leading percentages
cm™
3d%(°F)6s ‘F A 82 839.08
s 82 914.09
A 83 058.33
A 83 257.04
3d*(°F)6s g A 83 244.91
i 83 519.16
3d2(°F)5d ‘H i 84 165.71
A 84 334.14
1, 84 490.76
3, 84 722.08
3d2(*F)5d ‘G % 84 268.77
A 84 369.70
% 84 512.57
A 84 632.03
Ti m (Fy) Limit 109 494
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Tim

Z =22
Ca isoelectronic sequence

Ground state: 15?25?2p®35?3p©3d*°F,

Ionization energy = 221 735.6£2.0 cm™! (27.49190.0002 V)

The first study of Ti 111 was by Russell and Lang (1927).
They identified the 3d? 3d4s, 3d4p, 3d4d, and 4s4p con-
figurations. The spectrum has been remeasured and
greatly extended by Edlén and Svensson (1975), who
have identified the 4s% 3d5p, 3d5s, 3d6s, 3d5d, 3d4f,
3d 5f, 3d5g, 3d6g, 3d6h, and 3d7h configurations. The
levels have an estimated uncertainty of =0.1 cm™~' except
for those of 3d 64 whose uncertainty is 0.5 cm ', Their
observations of 3d 74 were fragmentary and for that con-
figuration they gave calculated term values, which we
have included here.

The composition of the 3d? ground configuration was
calculated by Pasternak and Goldschmidt (1972). The
two mixed configurations 3d(4d +5s) and 3d(5d +6s)
were calculated by Wyart (1975). He also calculated in-
teraction of 4s4p with each of 3d (4p, Sp, 4f, 5/) plus the

mixture of 3d 5p and 3d4f. The levels of 3d 4s were calcu-
lated by Shadmi, Caspi, and Oreg (1969) but no per-
centages were given. Goldschmidt (1982) has provided
the percentage compositions in J,/-coupling for the 3d 5g
and 3d 6g configurations.

Edlén and Svensson determined the ionization energy
from 3d5g, 3d6g, and 3d6h by means of a polarization
formula.
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Ti m
Configuration Term J Level Leading percentages
(em™)
3d? g 2 0.0 100
3 184.9 100
4 420.4 100
342 D 2 8 473.5 99
3d? ’p 0 10 538.4 100
1 10 603.6 100
2 10 721.2 99
3d° el 4 14 397.6 100
3d? s 0 32 475.5 100
3d 4s D 1 38 064.35
2 38 198.95
3 38 425.99
3d 4s p 2 41704.27
3d 4p Ipe 2 75 198.21 98
3d 4p ’pe 1 77 000.23 100
2 77 167.43 89 1 Spe
3 7742445 86 13 e
3d 4p 3pe 2 77 421.86 88 11 pe
3 77 74644 87 13 De
4 78 158.61 100
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Ti 11—Continued

Configuration Term (Levell) Leading percentages
cm”
3d 4p Spe 1 80 939.19 99
0 80 944.87 100
2 81 024.47 100
3d 4p Ipe 3 83 116.93 100
3d 4p lpe 1 83 796.86 98
4¢? s 0 102 665.15
3d 4d g 3 127 790.57 98
3d 4d &) 1 128 433.40 96 4 p
2 128 546.38 100
3 128 689.67 98
3d 4d G 3 129 093.28 99
4 129 252.74 100
5 129 469.37 100
3d 4d p 1 129 253.41 96 4 )]
3d 4d ) 1 130 739.82 99
3d 4d 3p 2 133 065.24 100
3 133 207.10 100
4 133 371.07 100
3d 5s D 1 133 898.50 100
2 133 999.79 91 8 p
3 134 275.12 100
3d 5s D 2 134 557.84 60 32 3d4d ‘D
3d 4d D 2 185 405.27 57 31 3d5s 'D
3d 4d ip 0 135 541.46 100
1 135 601.47 100
2 135 721.51 88 9 p
3d 4d G 4 136 339.74 100
4sdp Spe 0 137 258.9 100
1 137 487.8 100
2 137 961.2 100
3d 4d 1S 0 140 019.24 100
3d 5p D 2 147 212.77 90 5 Spr
3d 5p D° 1 147 562.14 99
2 147 749.89 92 5 3pe
3 147 939.47 99
3d 5p 3p° 2 147 931.47 92 5 Ip
3 148 111.10 99
4 148 410.24 100

(Continued)

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



166 J. SUGAR AND C. CORLISS
Ti m—Continued
Configuration Term (Levell) Leading percentages
cm”™
3d 5p Spe 1 148 978.72 ! 26 p
0 149 019.75 100
2 149 267.99 99
3d 5p 'p 1 149 403.52 64 28 Spe
3d 5p Ipe 3 149 655.77 99
4sdp p 1 157 204.16 60 32 3d4f'P°
3d4f 'G° 4 158 285.34 81 10 Spe
3d4af ’Fe 2 158 536.63 93 6 ‘D
3 158 557.76 67 31 Ge
4 158 690.85 46 28 3Ge
3d4f ‘G 3 158 740.92 60 2 5F°
4 158 865.08 29 40 Spe
5 158 903.55 70 28 SHe
3d4f He 4 159 022.93 58 35 G
5 159 128.9 69 30 3G
6 159 269.58 100
3d4f 'D° 2 159 123.78 89 4 Spe
3d4f pe 3 159 180.24 75 6 pr
3d4f pe 1 159 394.89 97
2 159 403.91 89 4 Spe
3 159 481.95 86 12 'Fe
3d4f 3pe 2 159 991.54 92 6 De
1 160 104.61 97
0 160 167.06 100
3d4af e 5 160 054.90 97
3d4af pe 1 161 854.24 67 28 4s4p 'P°
3d 5d 'F 3 167 724.09 92 5 D
3d 5d D 1 167 905.19 86 14 'p
2 168 030.15 99
3 168 206.79 56 37 3G
3d 5d G 3 168 152.20 60 39 D
4 168 307.06 99
5 168 520.52 100
3d 5d 'p 1 168 343.62 82 14 D
3d 5d ’S 1 168 932.83 96 4 p
3d 5d ’F 2 169 615.12 97
3 169 769.13 99
4 169 912.11 99
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Ti 1m1—Continued
Configuration Term Level Leading percentages
(ecm™
3d 6s D 1 169 875.52 100
2 169 930.80 72 25 D
3 170 254.75 100
3d 6s D 2 170 270.02 4 26 D
3d 5d p 0 170 579.96 99
1 170 659.72 99
2 170 666.94 56 25 D
3d 5d D 2 170 840.80 46 43 p
3d 5d el 4 171 141.93 99
3d 5d s 0 172 373.52 99
3d5f Ge 4 181 219.06 68 17 g
3d5f Spe 2 181 339.97 84 12 pe
3 181 368.45 65 30 SGe
4 181 611.79 58 2 g
3d5f SH° 4 181 439.64 69 20 ’Ge
5 181 558.44 73 21 Ge
6 181 837.98 100
3d5f 3Ge 3 181 507.92 53 22 Ipe
4 181 758.94 68 16 3o
5 181 821.83 78 22 SHe
3d5f Ipe 2 181 700.72 61 19 pe
3d5f e 3 181 860.55 46 22 pe
3d5f D 2 181 908.15 58 23 p°
3 182 025.86 66 32 lpe
3d(*Ds;)58 2[%) 5 182 013.32 100
4 182 014.92 100
3d(*Dy;5)5¢ %] |8 182 067.49 98 2 (®Dyy2) 2["%]
4 182 068.87 98 2
3d(*Dy2)5g AR 182 166.91 93 7 (*Ds/9) 2]
6 182 170.72 92 8
3d5f spe 2 182 207.39 76 19 pe
1 182 276.75 84 12 5pe
0 182 333.95 100
3d(*Dy)9)bg %] | 3 182 224.72 9 5 (Dsp) [%]
2 182 225.09 95 5
3d5f H° 5 182 853.45 94 5 *He
3d(*Ds,2) bg 2[%] 5 182 4083.64 100
4 182 405.25 100
(Continued)
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Ti m1—Continued
Configuration Term J (Levell) Leading percentages
cm™

3d(*Dy,5)5g AR 182 436.46 93 7 (?Dy,5) [ W)
6 182 439.62 92 8

3d(®Dy,5)5¢ 2[] 3 182 473.21 98 2 (*Dy,0) %)
4 182 474.38 98 2

3d5f pe 1 182 561.61 89 8 8pe

3d(*Ds5)5¢ 2[%] 3 182 587.12 95 5 (*Dyy5) 2[%])
2 182 5817.62 95 5

3d(*Ds)5g 1 7 182 596.87 100
6 182 601.96 100

3d(*Dy;5)5g 2[%,] 1 182 680.27 100
2 182 680.53 100

3d(*Dy,5)6g %] 5 194 168.25 100
4 194 169.81 100

3d(*Dy,)6g 27,1 3 194 200.46 99 1 (*Ds/2) 2]
4 194 201.57 99 1

3d(°Dy;5)6g AT 194 261.00 98 2 (*Dyy2) Z[ W)
6 194 264.82 98 2

3d(*Dy,,)6g %) 4 194 556.67 100

3d(*D;,5)6g AR 194 567.08 9 (D) [M%)
6 194 569.80 98

3d(°D;,5)6g 2] 3 194 592.07 99 1 (®Dy2) U %]
4 194 592.98 99 1

3d(’D;,5)6g (%] 3 194 656.18 98 2 (®Dys2) %[ %]

3d(*D;,,) 6 AN 194 664.08 100
6 194 669.10 100

3d(2Ds,5)6R %1 56 194 246.5

3d(*Dy5)6h 2%1°1 4,5 194 261.8

3d(*Dy,5)6h L AN 194 301.6

3d(’D;,,) 6h %10 | 384 194 317.2

3d(*D;,,)6R 1l 5.6 194 628.2

8d(*D;5)6h AR 194 639.2

3d(*Ds,5) 6k 2%)1° | 45 194 646.8

3d(?Ds,,) 6 21| 34 194 680.2

3d(%Ds,5) 6k 2%t 1.8 194 694.6

3d(*Ds,,) 6 2%1° | 2.8 194 7174
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Ti m—Continued

Configuration Term J (Ig;v_ell) Leading percentages
3d(?Dy,5)Th 20l 5.6 [ 201 543.51
3d(®Dy,2)Th %1 | 45 [ 201 553.5]
3d(*Dy;3)Th 2810 6,7 [ 201 578.7]
3d(*Ds)Th %1 | 34 [ 201 588.7)
3d(®Dy,0)Th 21l 56 [ 201 926.0]
3d(*Ds3)Th 2,00 67 [ 201 932.7)
3d(*D;5)7h %11 45 [ 201 937.4]
3d(*Ds,,)Th %1 | 34 [ 201 958.3]
3d(?Ds,2)Th %10 1,8 [ 201 967.5]
8d(*Ds,2)Th B0 23 [ 201 981.7]
Ti v (*Dyy5) Limit 2211735.6
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Tilv

Z=22

K 1 isoelectronic sequence

Ground state: 15%25s%2p®3523p©3d D,

Ionization energy = 348 973.3£1.5 cm™' (43.2675+0.0002 V)

The initial study of the structure of Ti Iv was by Gibbs
and White (1929) who identified the low one-electron
configurations 3d, 4s, and 4p. The work was extended by
Russell and Lang (1927) who recognized the higher con-
figura tions 4d, 5d, 5s, 6s, 5p, 4f, and 5g. New obser-
vations by Svensson and Edlén (1974) improved the accu-
racy of the earlier work and added the configurations 7s,
6p, 6d, 7d, 5f, 6g, 7g, 6h, Th, 7i, and 8i. They also
discovered a level of 3p°3d®. The level uncertainty is

estimated to be =0.2 cm~'. By application of the polar-
ization formula to the hydrogen-like terms ng, nk, and ni
they determined the ionization energy.
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Ti1v
Configuration Term J Level Configuration Term J Level
{cm™Y) (cm™1)
3p®3d p A 0.0 3p° bg G YA 278 510.63
YA 382.1 VA 278 511.23
3p 4s ) Yy 80 388.93 3p° 6d D % 289 185.99
A 289 206.93
3p® 4p 2pe Y, 127 921.36
¥, 128 739.59 3p° s 23 Y, 292 999.54
3p° 4d D % 196 804.27 3p° 6g G YA 300 045.9
YA 196 889.96 % 300 046.2
3p® 5s 3 A 212 407.34 3p<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>