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Energy Levels of Nickel, Nit through Ni XXViil

Charles Corliss and Jack Sugor

National Measurement Laboratory, National Bureau of Standards, Washington, D.C. 20234

The energy levels of the nickel atom in all of its stages of ionization, as derived from
the analyses of atomic spectra, have been critically compiled. In cases where only line
classifications are reported in the literature, level values have been derived. Electron
configurations, term designations, J-values, experimental g-values, and ionization energies

are included.

Key Words: Atomic energy levels; atomic spectra; nickel energy levels.
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introduction

At the time of the compilation of atomic energy levels by
Bacher and Goudsmit in 1932, only the first 2 of the 28
spectra of nickel had been studied. By 1952, Moore was able
to compile levels for nine spectra of nickel. At that time,
oxygen was the heaviest atom for which some levels of all
stages of ionization were known. Today energy levels and
ionization potentials are available for every stage of
ionization of nickel. This is the result of the development of
more energetic light sources, which was stimulated by the
need to interpret new spectroscopic observations of the sun
at short wavelengths rocket and satellite-borne
spectrographs. A new impetus for the interpretation of
spectra of highly-ionized atoms has arisen from the
investigation of hot laboratory plasmas generated to achieve
nuclear fusion.

These activities have produced a substantial increase in
and have made the earlier

from

spectroscopic  information
compilations of energy levels inadequate. The NBS Atomic

© 1981 by the U.S. Secretary of Commerce on behalf of the United States.
This copyright is assigned to the American Institute of Physics and the
American Chemical Society.

0047-2689/81/010197-93/$07.00

Energy Levels Data Center has undertaken the preparation
new compilations of energy levels, the program at prese
dealing with the elements through nickel (Z=28). T

" material on each atom and its ions is being published

separately. The compilations for iron by Reader and Sugar
(1975); calcium, chromium, scandium, and vanadium by
Sugar and Corliss (1979, 1977, 1980, 1978); manganese,
titanium, and potassium by Corliss and Sugar (1977, 1979a,
1979b); and aluminum and magnesium by Martin and
Zalubas (1979, 1980) have been published. The present
work will be followed by similar investigations of the energy
levels of cobalt and sodium. Later it is planned to prepare a
single volume including the separate papers on the elements
potassium through nickel (Z=19-28}.

The present compilation comprises the energy levels of the
nickel atom and all of its ions, as derived from analyses of
atomic spectra. Although generally we used only published
papers as sources of data, unpublished data have been
included when they constituted a substantial improvement
over material in the literature. Where only classifications of
observed lines are given, we have derived the level values.

Ionization energies found in the literature are usually

-1

given in eV or in cm’. The conversion factor

J. Phys. Chem. Ref. Data, Vol. 10, Ne. 1, 1981
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8065.479+0.021 em™/eV, given by Cohen and Taylor
(1973), is used here. ‘

In a few cases where Rydberg series were available but
the ionization energy was not derived, we carried out the
calculation. For a large number of 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. The uncertainty in these values is
estimated to be 1 to 10 units in the last significant figure
given,

Nearly all of the data are the result of observations of
vanou.s types of lahoratory light sources. However, they are
sometlmfes supplemented by data obtained from solar
(),bservanons. This is particularly true where spin-forbidden
lines are needed to. establish the absolute energy of a system
of excited levels and also where parity-forbidden transitions
between levels of a ground configuration are used to obtain
accurate relative energies for the low levels. Whenever both
solar data and equivalent laboratory data are available,
preference is generally given to the laboratory measurements
in order to avoid the problem of blended lines of various
elements in the solar spectrum.

When no available 1o connect
independent systems of levels, an estimate of the connecting
energy is frequently made. 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. For Ni XXVii and
Ni Xxviit, which are isoelectronic with Hel and H I,
respectively, we give ‘only calculated level values since they
are more accurate than experimental x-ray wavelengths from
which level values may be obtained.

For convenient general sources of wavelengths of nickel
lines we refer the reader to the compilation by Kelly and
Palumbo (1973) for wavelengths below 2000 A, to the tables
of spectral lines in the CRC Handbook of Chemistry and
Physics (1979) and to Meggers, Corliss, and Scribner (1975).

We have included under the heading “Leading
Percentages” the results of calculations that express the
percentage composition of levels in terms of the basis states
of a single configuration, or more than one configuration
where configuration interaction has been included. Where
these results contradict a designation derived from
observation, and the calculation appears 10 be reliable, we
have accepted the theoretical term-designation of a level to
conform with its calculated leading percentage. In cases
where the leading percentage is low, no designation is given.

In the columns of the present tables headed “Leading
percentages” we give first the percentage of the basis state
corresponding to the term name (when a designation is
given); next the second largest percentage together with the
related basis state. Sometimes the leading component in an
alternative coupling scheme is given.

Of course, the percentage compositions cannot be
considered to be as reliable as experimental quantities
inasmuch as a new calculation based on a different
approximation, such as the introduction of configuration
interaction where none had been used before, might yield a
different set of percentages. For some levels the percentages
may change drastically in a new calculation. In the present

observations  are
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tables, the percentages are taken mostly from published
levelfitting calculations derived by least squares. When only
ab initio calculations are found in the literature, we have
used them if there appears to be a reasonable
correspondence with the experimental data.

For configurations of equivalent d electrons, repeating
terms of the same LS type may occur. These are theoretically
distinguished by their seniority number. In the present

compilation they are designated in the notation of Nielson

and Koster (1963). For example, in the 34° configuration
there are three D terms with seniorities of 1, 3, and 5
These terms are denoted as 1, D2, and ’p3, respective]y‘
by Nielson and Koster. Martin, Zalubas, and Hagan (1978;
give a complete summary of the coupling notations and
conventichs used here. The prefixing of terms by lower case
letters (for example o D, 2 G, etc.) has been dropped except
for Nil, where their use in connection with various
wavelength tables makes their retention desirable.

In assembling the data for each spectrum, we referred to
the following bibliographies:

i. papers cited by Moore (1952)

i, C. E. Moore (1969)

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

iv, L. Hagan (1977)

v. card file of publications since June 1975
maintained by the NBS Atomie Energy Levels
Data Center.

A selection of data was made that, in our judgment,
represents the most accurate and reliable available. The text
for each ion is not always a complete review of the literature
but includes the major contributions. This compilation is
derived from all material available to us as of October 1979.
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Energy Level Tables

Z=28
Ground state: 15°25°2p°3s°3p°3d%4s” °F,
[onization energy = 61 60010 em™ (7.6375+0.0012 eV)

The analysis of this spectrum is by Russell (1929), with a
few changes of interpretation taken from recent theoretical
studies. No energy levels have been found since his work 50
years ago. He outlined the previous work in his paper and
increased the number of classified lines from 622 to 1071.
His line list extends from 1963 to 18 040 A.

The spectrum was reobserved by Burns and Sullivan
(1947, 1948) from a vacuum arc with a Fabry-Perot
interferometer. Three decimal place wavelengths were
measured from 2173 to 8968 A. From these they derived
the three decimal place energy levels. Exeept for 10 level
values retained from Russell, their values are given here. In
the course of their work they measured about 400 lines not
previously observed.

The five place g-values from the three lowest terms are
from Childs, Fred, and Goodman (1966), Childs and
Goodman (1968), and Childs and Greenebaum (1972). The
three place g-values are from measurements of M.LT.
Zeeman patterns reported by Lindsley (1942). The remaining
{two place) values are from Marvin and Baragar (1933) or
Dijkstra (1937).

"The composition of the levels of 3d°4s” and 3d°4s was
calculated with configuration interaction by Childs, Fred, and
Goodman.

All of the known odd levels arise from the configurations
3d°4p, 3d°4s4p, and 34 Sp. Roth (1970) calculated the
composition of the levels of these configurations. His
identifications and compositions are given here for all the
odd terms. Of the 35 odd terms given here, 18 are
unchanged from Russell’s paper and 17 are from Roth. The
original letter prefixes have been retained for older
designations.

The ionization energy was determined from the three
member 3d°ns series by means of a Ritz formula giving the
value 61 579 cm™. We have added a correction of 21 cm™

obtained from comparison with a corresponding longer ns-
series in Cu L.
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. Term J

Configuration Level &g Leading percentages
(cm™Y)
3d® 45* a 3F 4 0.000 1.24965
3 1832.158 1.08280
2 2 216.519 0.66956 95 1 D
3d°(*D)4s a®D 3 204.786 1.33854
2 879.813 1.15105 91 s 'D
1 1718.080 0.49804
3d°(°D)4s a'D 2 3 409.925 1.01297 89 s D
3d® 452 . b'D 2 13 521.852 1,143 70 2% P
3410 2 'S 0 14 728.847
3d® 45° a’p 2 15 609.861 1.356 71 25 D
1 15734.018 1.497
0 16 017.817
3d® 4¢? a ' 4 22 102.349 0.99

J. Phys. Chem. Ref. Data, Veol. 10, Ne. 1, 1981
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Ni 1—Continued

Configuration Term J Level g Leading percentages
' (em™Y)
3d*(°F)4s4p (°P°) 2°D° 4 95 758.578 151 9
3 26 665.903 1.495 94
2 27 414.893 1.494 94
1 27 943.543 1.486 95
0 28 212.997 96
3d°(°F)4s4p(’P°) z°G° 6 27 260.891 1.32 100
: 5 27 580411 1.276 88 0 °Fe
4 28 068.091 1.1m 87 g Spe
3 28 578.046 0.945 90 6 OF°
2 29 013.928 0.364 96
3d°(°F)4s4p(°P*) z°F° 5 28 542.118 1.377 90 8 3d°(°F)4sdp(°P°) 5G°
4 28 084.478 1.288 76 9 3d°(°D)4p 3F°
3 29 832.810 1.208 84 5 3d°C’F)4s4p(°P°) 5G°
2 30 163.140 0.985 72 9 34°(*D)dp *D*
1 20 892.052 0.006 97
3d°(*D)4p 2°%p° 2 28 569.210 1.485 91 4 3d°(D)4p °Dr
1 29 500.690 1.426 87 5
0 20 192.268 - 9
3d°(*D)4p 2°F° 3 29 320.782 1.086 48 21 3d°(*D)4p 'F*
4 29 481.020 1.287 79 12 3d(°F)4s4p(°P°) P
2 20 618.440 0.740 72 10 3d%C’F)4s4p(°P°) °F°
3d°(*D)4p 2D 3 29 668.918 1.300 59 24 3dC°F)4s4p(PP°) *Dr
1 20 912.838 0.552 59 30
3d°C°F)4s4p (°P°) 2 29888505 | 1044 2 D° 22 3dP(°F)4sap(3P°) oF°
3d*(°F)4s4p(°P*) 2% 5 20 922.763 1.214 96
: 4 30 979.789 1.052 91
3 21 786.210 0.761 9%
3d°(*D)4p z'F° 3 31 031.042 1.048 52 34 3d°(?D)4p 3P
3d°(*D)4p 2'D° 2 31 441.665 1.060 61 17 3d°(3D)dp D
8d°(°F)4s4p(*P°) F- 4 22 973.414 1.222 86
3 22 112.368 1.193 43 20 3d°(°F)4s4p(’P°) *Dr
2 34 163.294 0.859 49 35 3d°C°F)4s4p(°P°) *D°
3d°(*D)4p z'P 1 32 982.280 1.005 9
3d°(°F)4s4p(°P*) D 3 33 500.854 1.198 45 32 3d°C°F)4s4p(°P°) 3F°
1 Unp08.574 0.511 69 21 3d°(*D)4p °D°
3d5(°F)4s4p(*P°) z'Ge 4 39 590.159 1.035 72 13 34°CF)4s4p('P*) 3G
3d®(°F)4s4p(°P°) 2 98 610.916 0.973 3 F 31 3d°C’F)4sdp(°P°) 3D
3d°°F)4s4p (°P°) v 'F° 3 35 639.148 1.013 84 10 3d%(°F)4s4p(°P°) 3F°
3d°°F)4s4p(°P°) y'D° 2 36 600.805 1.013 82 8 8d°(*D)dp 'D°

4. Phys. Chem. Ref. Data, Veol. 10, No. 1, 1981
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Ni i—Continued

3. Phys. Chem. Ref. Date, Vol. 10, Ne. 1, 1981

_ Conﬁguration Term J Level g Leading percentages
em™Y
3d%(°P)4s4p(°P°) 5pe 3 40 361.254 90 8 3d*('D)4s4p(°P°) *D°
2 40 484.282 92
3d%('D)4s4p(3P°) 3ge 4 42 585.296 1.346 53 39 3d°C*P)4sdp(’P°) °D°
3 42 767.900 1.218 66 20
2 42 954.234 0.840 80 4
3°(*D)ss e®D 3 42 605.964 1.34
2 42 790.027 1.085
1 44112192
8,1 3 3ye 8,3 1poy 3yye
3d3('D)4sdp (°P*) D 3 42 621.048 41 39 3d*(*Fasdp('P°) *D
2 42 653.723 68 12
1 42 656.917 1.320 75 10
3d8(°F)4sdp ('P°) ’G° 5 43 089.636 1.226 100
4 44 814.980 1.182 72 24 3d°C’F)dsdp(iP°) °F°
3 44 565.10 1.044 91
3d°CF)4sdp ('P°) 3p- 4 43 258.792 1.247 36 30 3d°('D)4s4p(’P°) *F°
3 45 281.152 0.779 77
2 45 418.858 0.677 86
3d°('D)4s4p (°P°) P 1 43465019 | 139 59 23 3d°(°P)4sdp(°P°) P°
2 43 985.428 1.476 44 21 8d°(*P)4s4p(°P*) D"
8d°(°F)4s4p('P°) D° 3 43 654.974 1.243 34 29 3d°('D)4sdp(’P°) °D°
2 44 475.158 1.155 56 15 3d%('D)4sdp(OP°) *D°
1 45 122.460 0.566 67 1 34°C°P)4s4p(’P°) °D°
3d°(*P)4s4p(*P*) D° 3 44 206.185 58 1 3d°('D)4sdp(°P*) *D°
3d°(*D)5s e'D 2 44 262.619 1.09
3d°(°P)4s4p(°P°) 4 44 336.10 u F 30 3d°(°F)4s4p('P*) *F°
3d°(°P)4s4p(°P*) x °p° 2 46 522.965 59 18 3d°C’P)4sdp(’P°) °S°
1 47 208.298 4 19 3d°CP)4s4p(PP°) °D°
0 47 686.695 63 30 3d%('D)4sdp(®P°) p°
345 (°P)4sdp (°P°) v D 3 47 030.148 1.331 90
2 47 189.392 1.209 81
1 47424.850 | 0.726 66 14 3d°(°P)4sap(’p°) *p°
3d°(°P)dsdp (°P*) 5g° 2 47 328.85 76 9 3d3(°P)4sdp(°P°) *P°
3d® 4s("F)5s e’F 5 48 466.530 1.40
4 49 086.030 1.33,
3 49 777.619 1.28
2 50 346.477 0.95
1 50 744.593 0.20
3d°(°D)5p lge 3 48 671.9 56 35 3d°(*D)5p *F°
2 8,1 8130y Byne
3d°(“D)5p Spe 4 487159 84 18 8d°('G)4s4p(°P°) °F
2 50089.18 51 30  3d°('G)4sdp(’P°) °F°
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Ni 1—Continued

203

Configuration Term J Level g Leading percentages
{cm™H
34°(*D)5p w *p° 2 48 785.908 65 19 34°C*D)5p Dr
1 48 40342 62 22 3d°(°*D)sp 'P°
0 50 138.58 9 8 3d°(°P)4sap(’p°) *p°
3d8(*P)4s4p(°P°) pe 1 48 817.6 83 6 3d°(°D)5p 'P°
3d°(*D)4d e’s 1 48 953.344 1.92
34°(°P)4sdp (°P°) pe 2 49 032.589 75 1t 84°(*D)5p 'Dr
3d°(*D)4d e G 5 49 158.529 1.20
4 49 174.811 1.05
3 50 677.599 0.77
3d°(*D)4d e®P 2 49 159.060 1.43
1 49 171.187 1.00
0 50 276.354
3d°(*D)5p De 2 49 185.146 a1 11 3d°(*D)5p *P°
3d°(*D)4d 7D 3 49 271.578 1.32
2 49 327.845
1 50 716.927 0.45
3d°(*D)4d e°F 3 49 313.851
4 49 332.643
2 50 834.435
3d°(*D)5p D 3 49 822.56 59 14 3d°(*D)bp 'F
2 50 689.490 69 11 3d°(*D)5p 'D°
1 50 851.22 80 10 3dPCF)dsdp(P°) *D°
3d°(*D)5p 3 50 142.8 2 D 23 3d°(*D)5p *F°
3d°(*D)5p x P 1 50 458.187 64 26 3d°(*D)5p °p°
3d® 4s(*F)5s f°F 4 50 466.172 1.27
3 51 306.085 1.08
2 52 040.568 0.67
3d°(*D)4d e'P 1 50 536.742 1.54
3d°(*D)4d e'G 4 50 706.310 1.02
8d°(*D)4d F'D 2 50 754.137
3d8(1G)4s4p(PP°) u’F° 4 50 789.5 81 12 3d°(*D)5p °F°
3 51 124.8 61 27
2 51 848.80 57 32
3d°(*D)4d e'F 3 50 832.039
3d® 45” els 0 51 457.285
3d°(*D)6s g°D 3 52 197.482
2 52 211716
1 53 703.899
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Ni i—Continued
Configuration Term J Level g Leading percentages
(em™7)
3d°(*D)6s gD 2 53 754.036
3d® 4s(*F)5s g°F 4 54 287.136 1.27
3 54 251.353 1.00
2 55 873.78
3d°(*D)5d s 1 54 574.64
3°(*D)5d i 5 54 659.759
4 54 667.928 1.03
3 56 172.704
3d°(*D)5d h°D 3 54 699.852
2 54 782.425
3d°(*D)5d h°F 4 54 761.346
3 54 772.940
2 56 274.516
3d® 4s(*F)5s f'F 3 55 576.905 1.07
34°(*D)5d ric 4 56 183.51
3d°(*D)5d g'F 3 56 262.92
3d® 45(*F)4d e’H 6 56 624.668
5 57 677.649
4 58 518.11
3d® 45("F)4d r°p 2 56 710.889
1 57 767.83
0 58 448.79
3d% 4s('F)4d i °F 4 56 766.523
3 57 968.08
2 58 629.84
3d®4s(‘F)4d g°G 5 56 801.654
4 57 789.611
3 58 530.35
3d® 4s(*F)4d e’pP 3 56 821.553
2 57 586.7 .
1 58 525.507
3d®4s(*F)dd e’D 4 56 857.933
3 57 743.596
3d® 4s('F)4d eH 7 56 885,249 1.26
6 57 762.106
5 58 520.923
4 59 039.693
3 59 188.78
3d® 4s(*F)dd e’G 6 56 954.167
5 57 829.405
3 58 629.55
4 58 872.31
2 59 118.06
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Ni 1—Continued

205

"Level

Configuration Term J g Leading percentages
(cm™Y)
3d® 4s(*F)4d F°F 5 56 973.707
4 57 810.494
3 58 588.168
2 58 992.52
1 59 226.03
3d8 4s('F)4d i°D 3 57 103.946
3d° 45(*F)6s g°F 5 59 862.756
Ni 11 (2D;,5) Limit 61 600
3d® 4s(*F)4d JjF 4 61 832.47
3d% 4s(*F)4d h3G 5 61 843.28
3d® 4s(*F)4d FH 6 61 957.517
3d® 45 (*F)5d f°H 7 62 782.614
3d% 4s(*F)5d Fale 6 62 808.03
3d® 4s(*F)5d R F 5 62 815.34
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Z=28
Co 1 isoelectronic sequence

Ground state: 15°25°2p°35°3p°3d° *Dy,,

lonization energy = 146 541.56::0.2 cm”™' (18.16898-+0.00005 eV)

This compilation is based on the very extensive analysis of
Shenstone (1970, 1971} with recent unpublished additions to
4d85g. He_ has observed 4300 lines between 700 and
10 000 A with the hollow cathode and has established 320
even and 336 odd levels. The low configurations 34°4s and
3d"4s® are nearly complete. Long series in 3d%s, nd, nf, and
ng were observed. About half of the levels of the complex
configuration 3d74e4p are known.

The Zeeman effect data are from observations at M.LT.-

reported by Lindsley (1942).

The leading percentages given here for the levels of 3d"4p
were calculated by Roth (1969). Those for 3d35p and
3(174641) are from Shadmi and Caspi (1972). These authors
give percentages only for cases where the coupling is not
pure. Repeating terms of the 34" parent configuration are

distinguished by alphabetic prefixes. In these cases the
percentage includes the sum over all contributing seniority
states.

We have calculated the compositions of 3d°4s, 5s, 4d, 5d,
4f, 5f, 6f, 5g, 6g and 3d'4s’ and give the leading
percentages.

Shenstone found the limits of the 3d°ns and nd series at
146 532.0 cm™ and of the ng series at 146 541.56 cm™'. He
has adopted the latter limit, which is used here.

References

Lindsley, C. H. (1942), J. Opt. Soc. Am. 32, 387.
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Nin
Configuration Term J Level g Leading percentages
(cm™Y)
3d° D %, 0.00
%, 1 506.94
3d°(°F)4s ‘F s 8 393.90 1.855 | 100
: Y, 9 830.04 1.244 98 2 (MW
A 10 115.66 1.023 99 1 CF) R
¥ 10 663.89 0.397 99 1 ('D)*D
3d3(*F)ds R I 18 550.39 1.141 98 z (PP
A 14 995.57 0.866 98 (‘D) *D
3d°(*P)4s p A 23 108.28 1428 | 54 6 (‘D)
A 24 788.20 78 22
Yo 24 835.93 2.667 | 100
3%('D)ds 2p 9, 2379618 | 1045 | 7 2 (*P)*P
%, 25 036.38 1.368 | s3 46
3d°(°P)4s Zp A 29 070.93 1322 | w s ('D)D
A 29 593.46 0.670 | 100
3d%('G)ds G % 32 499.53 1185 | 100
/A 32 523.54 0.895 | 100
3d" 45 ‘F s 51 045.46 100
A 52 205.95 100
% 53037.93 100
A 53 601.19 100
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Ni n—Continued
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Configuration Term o Level g Leading percentages
{em™Y
3d*F)4p ‘D A 51557.85 1420 | o4
¥y 52 738.45 1.365 | 93
%, 53 684.62 1.186 | o4 s (°P)D°
Y, 54 176.26 | -0.005 | 96
3d*CF)4p ges A 58 865.17 1156 | 2 (°F) %G°
A 53 496.49 1.305 | 100
/A 54 262.68 1.025 | st w  CF) e
% 55018.71 0.616 | 94 5 (°F) F°
3d*(°*F)4p “Fe s 54 552.05 1.26 80 v CF) %G
A 55 417.83 1.184 | 76 10 CF) e
/A 56 075.96 0985 | 87 6 CF) G
% 56 424.49 0.412 95
3 CF)4p G % 55 299.65 1152 | 58 22 (°F) ‘G°
YA 56 371.41 0.940 | 84 8 CF) 6
38 (°F)4p Zpe IA 57 080.55 1154 | a1 PP
A 58 493.91 0946 | 74 20 (F) e
3d°(°F)4p pe %, 57 420.16 1116 | 1 20 (°F) e
% 58 705.95 0.795 | 89 7 (‘D) *D°
3d8C3P)4p ip % 66 571.84 1.48 73 20 ('D)*D°
% 66 579.71 1550 | 73 12 (‘D) %p°
Y, 67 031.02 2.331 85 n  (p)%pr
3d°('D)4p pe A 67 694.64 0.960 | 84 s (°p) P
A 68 181.91 1.200 | s6 s (P)'D
3d" 4s* ‘P s 67 880.16 100
A 68 156.57 94 6 °P
Y, 68 709.76 98 2
34('D)4p 2pe %, 68 154.81 1.02 65 18 (°p) p°
s 68 735.98 1264 | 74 19 (°P) p°
34%('D)4p Zpe Y, 68 281.62 1.008 | 61 23 (*p) %pe
% 68 965.65 1.305 64 15 (‘D) *D°
3d" 45 G %y 70 358.94 o 3 H
%, 71 457.74 100
3d*(°P)4p ‘De A 70 685.46 1.325 83 s (°P) *D°
% 70 706.77 1190 | a1 s W) D
Y, 70 748.70 95 4+ CF)'D°
/A 70 778.12 1.385 | s7 s (D) %"
3®(°P)4p pe % 71 770.83 1240 | s 10 (pP)p°
A 72 375.42 0.844 | s2 u ¢ép)
348 (°P)4p Zpe A 72 985.65 1.826 | e 16 (*D) %p°
Yy 78 903.25 1.039 | 710 24 (D) %P
3d" 45 p % 73 893.73 85 8 D2
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Ni n—Continued

Configuration Term o Level & Leading percentages
: {em™ 9 '
3d%(°P)4p | %8 Y, 74 283.33 94 4 (‘D) P
3d5(*P)4p g b 74 300.93 9
34 (’G)4p ge % 75 149.48 0.908 | 100
Y, 75 721.68 1119 | 100
3d%('G)4p 2o PA 75 917.63 1.165 94 4 (‘D) Zpe
A 76 402.03 95
3d" 4s? H 1, 76 727.36 100
VA 77 736.79 91 3 G
8d"4s® D2 %, 77 332.47 7 23 D1
% 78 955.45 72 18
3d%(*Gr4p %Ge [A 79 823.08 99
A 79 923.88 100
8d"(‘F)4sdp(°P*)|  Op° o 86 343.21
VA 86 870.03
A 87 538.09
% 88 128.56
% 88 582.01
Y, 88 881.59
3d" (*F)4s4p(°P) pe % 88 171.88
: /A 89 100.49
3d"(“F)4s4p(°P*) G A 89 460.95
%, 89 918.47
A 90 275.30
YA 90 526.18?
3d°(°F)5s ‘F % 91 800.05 1.350 | 100
o A 92 325.85 1.188 61 9 (°F)
Y 93 390.06 1.02 88 2 P
A 94 067.14 0.392 | 99 1 (‘D)D
3d" 4s* ’F %% 92 373.45 100
/A 92 792.08 100
3d%(°F)5s 75 A 93 528.44 1166 | 61 39 ‘F
% 94 729.25 0.865 87 12
3d"(*F)4sdp(°P°) e VA 94 283.94
/A 94 705.93
A 95 382.53
% 95 893.76
3d" (*F)4s4p(°P*) iGe A 94 396.74
% 95 017.71
/A 95573.39
% 96 052.48
3d"(*F)4s4p(°P°) ‘pe yA 96 535.87
%y 97 273.83
Y, 97 799.66
A 98 122.63
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Ni n—Continued

Configuration Term J Level g Leading percentages
' (em™}
3d"(*F )4s4p(°P°) G %% 98 276.70
A 99 844.13
3d°C°F)4d ‘D /A 98 467.25 90 7 CF)F
A 99 559.33 42 3% CP) P
Y, 100 010.17 69 16 PP
% 100 078.78 49 6 P %P
3d®(°F)4d ‘p %, 98 561.22 57 0 (*P)'D
Y, 100 845.41 66 26 (°F) ‘D
%, 100 490.95 73 12 (P D
3d°(°F)4d ‘H A 98 822.55 100
A 100 309.29 54 2 (¢F)H
% 100 332.09 52 2 (CFH
iA 101 144.63 62 % (°F) G
3d°(°F)4d ’H 1, 98 969.44 o s (°F)‘H
A 101 357.20 55 19
3d*(°F)4d p % 99 040.75 44 2 CF D
Y, 101 246.16 i 18 (PP
343 (°F)4d ‘G A 99 132.78 78 a1 (°F) H
: s 101 366.14 68 2 CP)F
3d8(°F)ad P % 99 154.81 63 a1 (MG
", 100 592.98 40 a1 (°F)‘H
%, 101 258.01 89 s CF)D
3d8(°F)4d ’F /A 99 340.55 58 23 (°F)F
% 101 247.87 47 st
3d"(‘F)4s4p(°P*) e Yy 99 418.61
% 100 609.01
35 (°Fy4d G % 99 442.86 & 2 P F
A 101 740.27 72 18 PG
348 (°F)4d % 100 389.52 2 °F 25 (°F) 'F
34°(°F)4d Ty 100 475.82 “ ‘G u CRF
3d°(°F)4d %, 100 619.26 2 G 30 PG
3d" (‘F)4s4p (°P°) pe % 101 754.80
% 102 742.7%%
3d3(°F)4d D A 103 025.58 85 s CF)°F
%, 103 663.50 90 s (D)D
3d%(°F)5p e P 108 653.03
% 104 503.22
VA 105 439.85
Yy 106 022.79
3d8(*F)5p ’Ge % 104 081.04 60 32 G°
%, 106 620.53 58 u G
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Ni n—Continued
Configuration Term J Level g Leading percentages
{em™
3d8(°F)5p ‘G 1y, 104 147.29
A 105 499.05 55 u G
% 105 588.89 41 3 *G°
YA 106 283.16
3d®(°F)5p b O % 104 298.28
yA 104 646.52 39 33 Zp°
A 105 668.78 53 2 G
% 106 369.50
34 (*F)5p 2pe P 105 838.06 46 32 F°
: %y 107 082.21
3d*°F)5p ’pe A 105 861.19
% 107 142.12
3d"(*P)4s4p(’P°) épe % 105 981.50?
3d%(*D)5s p VA 106 007.89 80 20 (3P)‘P
% 106 133.14 87 s (PP
8d" (*P)4s4p(°P°) g % 107 737.81
3d8(°P) s ‘p % 108 368.05 80 20 ('D)*D
A 108 548.61 94 5 ('D)D
Y, 108 763.32 98 2 (°P)?%P
3d"(‘P)4sdp(°P°) bpe VA 109 038.84
3d" (°G)4s4p(°P°) ipe Y% 109 148.05
A 109 846.00
% 110573.36
% 111 120.54
3d8(°P)5s ’p % 109 269.83 90 7 (‘D)*D
Yy 109 675.72 98 . 2 ()P
A 110 021.92
3d"(°G)4s4p(°P°) iGe % 111 783.79
3d7(*F)4s4p('P°) iG° A 112 422.19?
% 118 753.04 67 28 P
A 115 108.09 50 28 ZF®
3d*('D)4d 2 A 112 686.30 66 13 (‘D) D
A 112 719.75 L v P)D
3d%('D)4d ) A 112 906.93 62 22 (°P)?D
/A 118 407.31 55 25 - ('D) °F
3d%('D)4d G % 113 172.96 84 15 (CP)iF
/A 118 177.61 86 1w CP)%F
3d*('D)4d ’p Y, 113 225.06 78 13 (*P) D
A 113 408.71 7 13
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ENERGY LEVELS OF NICKEL

2n

Configuration Term J Level g Leading percentages
{cm™% .
3d" (*F)ds4p('P*) F A 113 821.95 63 s 1G°
A 115 120.00? 61 16 °F°
% 115 592.252 42 30 D
3d%('D)4d s A 113 623.10 85 0 Py
3d" 4sdp Y, 114 052.04 2 ‘G 28 T
3d*(*P)4d ‘D /A 114 836.63 79 20 (‘D) %F
A 114 874.88 72 1 ('D)*D
% 114 942.42 79 1 (‘D) %p
% 114 970.19 87 12 (‘D)%
8d"(*H)4s4p(°P°) ‘G° R 114 858.88
% 115 612.88
KA 116 275.81
% 116 754.93
34" (%P) 4sdp(°P°) 2D Y, 114 869.95 62
%, 116 893.98 50 33 ‘D
3d"(%G)4s4p(°P°) ZF° /A 115 000.95 51 22 ‘D
3d8('G)5s ‘G A 115 081.36 100
A 115 085.36 100
3d" 4s4p ‘D /A 115 209.85 55 18 F
3d" 4sdp %, 115 565.98 32 D 95 4F°
3d*(°P)4d F A 115 789.15 84 15 (‘D) %G
JA 115 827.12 82 8
A 115 956.71 68 18 (°P)F
% 116 167.76 97 1 ¢pyp
%, 115 785.06
3d" 4s° D1 % 115 870.28 7 23 D2
3d*(*P)4d ’F A 116 145.69 82 1 (P)YF
3d(*P)4d %y 116 191.47 38 D 24 (°P)F
3d%(*P)ad ‘P Yo 116 261.81 86 1 (D)%
%, 116 312.34 8 8 ('D)?P
A 116 732.51 41 8 (°P) D
3d" 4s4p ‘D° Y, 116 512.06
3d*(*P)4d p A 116 786.42 89 7 (‘D) %P
% 116 838.33 91 4+ (*P)D
3d®(*F)6s ‘F A 116 833.15
A 117 074.70
VA 118 314.82
% 119 100.06
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Ni u~—Continued

Configuration Term J Level g Leading percentages
(em™Y)
3d"(a *D)4sdp(PP°)|  F° %% 117 573.68
", 117 972.47
3d"(*P)4s4p(°P°) A 117 662.11 VA 12 pe
3d*('D)5p ’p° A 117 763.91 36 12 P
% 117 872.78 65
3d"(*H)4s4p(°P°) e A 118 248.98
A 119 010.21
3d*(’F)6s o A 118 294.17
% 119 315.44
38*('D)5p g % 118 379.11
YA 118 568.89
3d°('D)5p A 118 442.81 87 2p 35 D°
3d*('D)5p pe A 118 631.95 50 ‘29 3d'4sdp D
3ECF A 1y ¥, 118 774.76 100
% 118 809.342 81 18 2[2)°
3dC°F)4f oy 1, 118 803.82 100
1, 118 848.92 100
3d°CF ) 4f ’21° A 118 828.61 92 g [3]°
A 118 877.09 87 13 2[1]°
3d*(PF,)4f 31 A 118 874.11 97 s 2[4)°
% 118 897.94 92 8 2]
3 CF4f *6]° A 118 892.99 9
A 118 893.24 100
3d°(°F ) 4f 4y A 118 914.34 99
YA 118 923.20 9 3 %[3]°
3 C°F ) 4f ’15]° %, 118 922.02 99
A 118 989.58 99
3d°C°F)5d ‘D /A 119 656.25 84 18 F
A 121 111.90 48 30 2P
% 121 115.59 44 34 P
3d*(°F)5d p A 119 665.29 67 3 ‘D
A 121 925.16 51 3 ‘D
3d3(3F)5d ‘H A 119 773.60 100
7, 121 180.55 59 30 *H
s 121 190.34 59 21 *H
P 122 047.29 77 18 G
3d°C°P)5p ipe % 119 796.98 51 1 (‘D) D
s 120 166.52 36 17
Y, 120 816.02

4. Phys. Chem. Ref. Data, Vel. 10, Ne. 1, 1981



lpaek


ENERGY LEVELS OF NICKEL

Ni n~—Continued

213

Configuration Term J Level g Leading percentages
(em™Y
3d3(°F)5d G 1, 119 833.00 53 4 ‘H
Yy 121 240.90 42 s °F
% 121 294.67 43 %5 G
% 122 144.99 59 35 F
34°C°’F)5d *H %, 119 889.47 56 % ‘G
% 122 140.71 59 25 ‘H
3¢°C°F)5d ’p % 119 909.72 59 18 ‘P
Yo 122 112.94? 65 2% ‘P
3d°(°F)5d ‘F % 119 913.83 59 u ‘G
P 121 317.89 41 30 G
% 122 084.79 62 26 ‘D
3d°(°F)5d F % 120 002.86 60 20 ‘F
% 122 175.42? 52 20 D
34°(°F)5d *G %y 120 044.95 58 23 °F )
YA 122 270.05 61 18 G
3d°(*F)5d % 120 144.17 s D 18 ‘D
3d8(3Fy)4f 1y Y, 120 189.55 60 0 Z[07°
P 120 199.18 88 12 %2y
8,3 2 ° 5 2 a
345 CFy)4f [21 A 120 208.49 99 1 (8]
VA 120 332.89 88 12 1r
3ECF4F Ze1° A 120 211.30 100
A 120 218.22 100
3dPCF,)4f 2[37° YA 120 25017 98 1 %41
A 120 271.97 99 121
3d8CFy)4f 241> |A 120 268.81 98 r [31°
% 120 281.11 97 3 5]
3dP(’Fy)4f [5]° 1 120 270.44 100
% 120 972.53 9 3 P47
3d%(°P)5p e /A 120 903.31 81
A 121 825.09 63 27 D
%, 121 385.80 54
Yo 121 561.06 83
3 CFy)4f r1y° %y 121 042.52 90 9 21°
Y, 121 090.71 99
3 *P)5p %, 121 043.57 3% p° 18 D
3d5C°P)5p e % 121 050.66 57 20 ‘D
3% (°F)6p ‘G 1, 121 120.87
SdPCF,)4f 25)° 1, 121 120.88 99
% 121 12541 99
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Ni n—Continued

Configuration Term J Level g Leading percentages
{cm™Y .
3d8(°F,)4f ey %, 121 146.98 94 5 %[3]°
% 121 161.81 90 3 [1]°
8dP(*Fy)4f 247° /A 121 178.56 86 13 23]
% 121 180.54 99
3d8(°Fy)4f 2r31° YA 121 192.82 : 86 18 %[47°
A 121 194.14 94 5 Z[2]°
348 (°F)5d %, 121 227.80 31 ‘D 36 IF
3d*('G)4d 7 A 121 437.68 100
A 121 476.56 100
3d®(*P)5p g A 121 456.30 43 23 *D°
3d"(*H)4s4p(’P°) iGe A 121 692.55
A 121 862.57
A 121 699.02
34 (°P)5p Yy 121 800.34 32 P 8 D
3d8('G)4d P yA 122 080.25 99
A 122 086.58 100
3d%(°F)6p ‘pe %% 192 441.92
3d%(*G)4d ’H % 122 790.41 100
, 122 821.63 100
3d*(°F)6p e A 192 812.97
3d°%('G)4d G % 122 837.33 99
: /A 122 847.60 100
3d*(*F)6p G % 128 434.60
3d" (*H)4s4p(’P*) ’ye %, 124 652.00
A 125 003.41
34%('G)5p e % 126 679.98
A 126 857.97
3d" (*P)4s4p('P°) 8 % 126 738.82
3d%('G)5p 2pe YA 127 219.57
A 127 331.60
3d*C’F)7s T % 127 867.13
, P 127 991.56
% 129 294.51
% 130 135.19
3d%('G)5p ek yA 127 885.86
% 127 895.88
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Configuration Term J Level £ Leading percentages
(cm™Y :
3dP(°F,)5f 1y % 128 782.03 87 13 %[27°
Y, 128 799.72 100
3d*(*F,)5f 2y % 128 803.23 92 8 Z[3]°
% 128 822.28 87 13 f17°
3d8C°F,)5f 27y A 128 818.41 100
15, 128 827.05 100
3d8(°F,)5f Y3y /A 128 897.15 97
% 128 858.87 92 8 ’[21°
3d%(’F,)5f 167 A 128 837.11 99
3, 128 855.60 100
348 (°F,)5f 2[4]° %% 128 858.91 100
/A 128 867.00? 97
3dB(°F,)5f 2[5)° % " 128 862.49 100
A 128 869.89 100
3d®(°F,)5g 21o] A 128 937.47 100
3d°°F,)5g 1] Y 128 939.76 100
A 128 939.76 100
3d%(’F,)5¢ 2[2] A 128 944.36 100
% 128 944.36 100
3d°(°F,)5¢ 28] Y, 128 946.17 100
A 128 946.15 100
3d°(°F,)5g 28] A 128 950.84 100
A 128 950.89 100
34 C°F,)5g 4] % 128 958.34 100
A 128 958.40 100
3d°(°F,)5g 7] A 128 960.74 100
A 128 960.74 100
343 (°F, ) bg 2[5) A 128 964.63 100
% 128 964.62 100
3d%(°F,)bg 2[6) A 128 966.51 100
, 128 966.51 100
8d8(°F)7s ’F /A 129 271.72
A 130 236.26
3d°(°F)6d p % 129 284.50
%, 129 479.73
Y, 130 710.85
3d3(°F)6d ‘D YA 129 297.91
% 129 842.33
% 130 942.30
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Ni n—Continued

Configuration Term J Level g Leading percentages
‘ {cm™Y
3d°(*F)6d ‘H A 129 367.91
1, 129 396.04
% 180 757.51
YA 131 637.10
3d8(°F)6d ; i % 129 419.58
A 129 474.27
VA 130 730.53
A 131 620.45
3d%(°F)6d ‘G 1, 129 424.08
% 129 503.24
A 180 815.91
% 131 670.87
3d'(*P)4sdp('P°) ‘De Yy 129 782.07
% 129 988.05
%, 130 331.78
A 130 570.42
3d3(*F,)5f roye Y, 130 147.87 51 49 11°
SdP(*Fy)5f 1y % 130 174.03 88 n oy
3dB(*Fy) 51 [2y° A 130 184.39 100
%, 130 197.23 88 12 [1)°
3d8(°Fy)5f 2[67° A 130 184.61 100
A 150 187.81 100
3d8(°Fy)5f ’5]° A 130 2056.62 100
- A 180 206.90 98
3d8C°F,)5f 3)° /A 130 208.89 97
A 180 227.52 100
3dP(°Fy) 5 214]° A 180 215.50 98
P 130 225.87 97
3dP(°F;) 5¢g 1] %, 130 301.40 100
Y, 130 301.40 100
3d®(°Fy)5g 212] % 130 306.97 99
% 130 306.97 99
3d®(°Fy)5¢ 7] A 130 308.71 100
A 130 308.71 160
3d%(*Fy)5¢ 3] A 130 314.07 99
% 130 814.07 99
3d%(°F,) 5g 2[4] % 130 320.97 100
% 130 320.94 100
3d*(*Fy)5g 2[6] 1, 130 321.73 99
A 130 321.73 99
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Configuration Term J Level g Leading percentages
{em™Y
3d*(°F,;)5¢ 5] 1, 130 324.72 100
s 130 324.72 100
3dCF)p e A 130 470.90
3d*(°F)7p ‘D A 130 480.55
3P CF)Tp ‘G 1, 130 661.32
3d%(°F)6d ’p %, 130 691.35
Y, 181 655.83
3d°(°F)6d *H 1, 130 751.08
% 131 686.56
3d°(*F)6d ’F yA 130 765.26
% 131 796.26
3d°C°F)6d G /A 130 801.33
PA 131 750.73
3d°('D)6s D %y 130 900.65
% 130 942.36
3d°(°F)6d D %, 131 032.01
3d8(°F,)5f 21y A 131 063.85 99
A 131 075.78 87 12 %2y
3d*(°F,) 5 2[5]° % 131 098.30 99
1, 131 122.28? 99
3d°CFy)5f ey % 131 103.18 91 8 %3]
3d3(°Fy)5f ’[4]° % 131 115.28 99
%, 131 124.96 66 33 °[8]°
3d®(°F,)5f 237° % 131 133.58 91 8 [2]°
3d°(°F,)5¢ 2y A 131 211.85 99 1 ('Dy) 2]
% 181 211.85 9 1
3d%(°F,)5¢ 76]° %, 181 218.56 99
u 131 218.56 99
3d8(°F,)5¢ 2137° YA 131 222.98 99
A 131 222.98 99
3d%(°F,)5¢ 2047 % 181 232.83 99
PA 131 232.83 99
3d°(°Fy)5g 5] 1w, 131 233.31 9
A 131 233.31 99
3d" (%G ) 4sdp('P?) g 1, 131 424.322
% 132 811.982
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Ni ii—Continued

Configuration Term J Level g Leading percentages
(em™H
3d" (‘P)4sdp('P°) ipe % 131 834.94
, Y 182 120.70
% - 132 295.15
3B CH)p Ge % 131 928.77
3d3('Dy)4f [31° v 182 799.48 82 16 {*P,) ¥[3]°
A 132 869.16 75 14 (3Py) 3]
3d3('D,)4f ’[41° % 132 818.16 83 16 (°Py) [4]°
/A 139 846.53 75 15 Py 4"
3d°('Dy)4f r21e A 132 912.15 88 15 CPy [2]°
¥y 132 927.97 83 15 (°Py) *[2]°
3dB('Dy)4f 1y % 132 982.51 ‘ 84 16 Py 1]°
A 183 001.47 84 16 (P, ¥11°
3d8('D,)4f 510 v, 132 014.08 83 16 (°Py) [5]°
% 138 031.00 83 16 (°Py) 2[5]°
3d7 (%G )4s4p('P°) e /A 182 169.92
% 134 208.30
3d' (*F)4s4p(°P°) ipe % 138 190.19?
%, 133 209.30
A 188 528.02
%, 138 853.04
3d%(*P)6s ip %, 133 443.89
% 133 613.99
Y 133 857.73
3d" (°G)4s4p('P°) Ge % 138 445.75
A 134 880.82
3d" (*F)4s4p(°P°) ‘G A 138 625.96
3d°C’F)8s F VA 133 715.13
P 133 809.76
A 135 116.72
% 135 983.22
3d%('D)5d ’F kA 133 734.98 81 13 (°P) D
% 138 735.26 68 4 ('D)*D
3d"(*F)4s4p(°P°) ipe /A 138 850.83
% 138 973.83
% 134 156.28
Y, 134 283.76
3d%(%P)6s p % 133 862.21
Yy 134 241.96
3d3('D)5d 2p %, 133 903.00 80 7 (°P) ZD
% 134 053.05 69 16 (D) %F
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Ni n—Continued
Configuration Term oJ Level g Leading percentages
{em™)
3d°('D)5d %G % 133 922.91 83 16 (°P) °F
P 183 929.88 84 n Cp)eF
34%('D)5d P % 133 954.85 82 s (°P)°P
EA 134 067.76 84 s (°P)‘P
3d8(°F6f e A 124 238.44 100
A 134 251.30 100
3dB(°F,)6f 211y A 134 248.72 8 18 %2y
3% (°F,)6f 2131 [ 134 252.85 9 3 ’[4]°
YA 134 294.99 \ 91 9 %[2]°
3dP(°F,)6f 221 % 134 254.69 87 18 *[17°
%, 134 256.05 91 s 23)°
3d°(°F,)6f 7141 [A 134 262.07 97 8 [3]°
EA 134 271.59 100
3d°C°F,)6f ’re1° A 134 267.20 100
, 134 274.62 99 1 45
3d8°F,)6f ’[5]° 1, 134 281.66 99 1 ’[6]°
% 134 286.58 100
3d*(°F,)6g 28] A 134 316.80 100
7, 134 325.15 100
3d4%(°F, ) 6g 27y 13, 134 316.85 100
A 134 325.15 100
3d%(°F,)6g 1) % 134 323.88 100
3d%(°F,)6g [2] % 134 323.88 100
¢A 134 334.467 100
3d%(°F,)6g 23] P 134 327.54 100
% 134 327.61 100
348 (°F,) 6g ’[4] % 134 331.84 100
/A 134 331.89 A 100
3d8(°F,)6g 25] 1, 134 333.41 100
A 184 336.68 100
3d8(°F,)6g 26) 13, 134 333.41 100
QA 134 336.68 100
3L C°F)7d ‘D % 134 527.24
% 134 978.47
% 136 054.50
3d*(°F)1d p %, 134 539.37
A 184 670.07
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Ni n1—Continued

Configuration Term " Level g Leading percentages
(cm™) .
3d°(°F)7d ‘H A 134 583.07
1y, 184 597.43
VA 185 960.08
A 136 895.36?
3d*(*F)1d F % 134 607.37
yA 134 642.09
% 135 901.96
% 136 852.44
3d8(*F)7d G A 134 614.55
% 134 658.60
A 135 986.06
%, 136 899.34
3d"(*F)4sdp (°P°) e A 134 783.34
% 134 964.78
3d(*P)4sdp('P*) Zpe A 135 053.14
¥, 135 382.53
3d8(’F)8s g A 185 100.45
A 136 050.53
34" (*P) 4s4p('P°) 2 %, 185 258.92
% 136 461.10
3d3CCF)8p Nk % 135 261.99
A 135 358.01
3d8(*P,)4f 47 PA 135 400.67 46 31 (°Py) I[3]°
A 135 435.26 83 16 ('Dy) P[4}
3d3(°P,)4f i3y /A 185 44447 46 8 (°P,) “[4]°
% 135 461.55 1 14 ('Dy) 3]
A 135 464.86
3d3(*P,)4f 221 % 135 493.26 82 13 ('Dy) [21°
VA 135 512.92 7 1z (°P) ?[8]°
3d3(°P,) 4f 51 1, 135 538.617 84 16 ('Dy) Y57°
% 135 580.95 84 16 (Dy) ¥[5]°
% 135 558.80
3d(°Fy) 6f 1y P 135 599.00 59 a  *[0]°
% 135 619.91 86 4 Z[27°
3d(°Fy)6f [61° 1, 135 606.20 100
A 135 606.30 100
3d°8(°Fy)6f 2r21° VA 135 618.08 100
% 135 623.59 85 14 1)°
3d3(’F,)6f ’3]° A 125 622.60 9 3 2[4]°
%y 135 630.62 100
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Ni u—Continued

Configuration Term J Level g Leading percentages
{cm~%
348 (°Fy)6f 2r5)° A 135 628.41 96 4 [4]°
A 135 645.10 100
3d8(°F,)6f 247 iA 135 629.40 97 3 %3]°
%, 135 640.58 96 4 Y5)°
3P, 4f 2r1y° Y, 185 652.93 84 18 (Dy) ?[1]°
Y, 135 67049 84 16 (IDy) X[17]°
3d®(°F,)6g 7] 1, 135 678.18? 100
18, 135 686.64 : 100
3d%(°F,)6g 2(6] B, 135 686.64 100
A 135 693.57 100
3d°(°F,)6g 231 JA 135 693.43 99
% 135 693.43 99
3d3(°Fy)6g %[4] %% 185 693.57 100
3d°(°F,)6g 2[5] A 135 695.67 100
3d" (*F)4s4p(°P°) e /A 185 746.06
% 136 076.26
3PP )4f 2r9)° % 135 746.13 93 1+ ('Dy) ¥[2]°
3B CPAf 2r37° % 135 849.41 100
A 135 879.41 100
3d8(°F)7d ’F YA 185 944.40
% 136 959.86
3d8(°Py)4f 2[37° A 135 954.09 99
% 136 122.61 99
3d®(*F)7d ’H Wy 135 956.01
% 136 880.56
3d8C*F)7d G A 135 977.31
/A 136 936.82
348 (°F)7d ’p A 186 081.43
348 (*P)5d ‘D /A 136 201.46 81 16 (‘D) %F
%, 136 288.60 7 4 (D)?D
Yy 136 290.83? 91 s (‘D)%
¥, 136 327.55 83 7 ('D)?D
3d%('D)6p e A 136 392.85
3d¥(°F,)6f 2[5]° A 136 508.20 99 1 ('Dy) ¥[5]°
VA 136 524.42 99 1 Dy [5]°
3d*(°F,)6f [y Y, 186 517.20 99 1 Dy Y17°
A 136 531.96 85 1 Py 2]
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Ni n1—Continued

Configuration Term Level g Leading percentages
(em™H
3d8(°P)5d ‘F %% 136 519.28 84 16 (D) %G
%, 136 589.35 62 24 (°P)*F
A 136 766.49 74 17 CP)™D
3dE(°F,) 6f 214y A 136 542.28 68 31 (°Fy) %[3]°
% 136 546.50 99 1 ('Dy) {[4]°
3d8(*F,)6f 2187 /A 186 547.13 68 31 ?[47°
% 136 548.55 89 10 %[2)°
3d8(’F,)6g 6] A 136 596.04 99
A 136 596.04 99
3d°(°F,) 6g 5] 1y, 136 598.73? 99
3d%(°F,)6g 24] | 136604797 9
3d®(°F)8p G % 136 673.64
/A 137 562.74
3d8(*P)5d ‘p Y, 136 725.33 82 12 (‘D)%
% 136 960.75 58 37 (*P) F
3d8(*P)5d % 136 732.74 31 %D a1 (PP
343 (*P)5d ¥, 136 899.33 8 F 31 P
34 C*F)1d p Y, 136 955.28
3d%(°F)9s ‘F % 137 188.58
P 137 236.28
A 138 575.69
% 139 456.75
3d8(*P)5d ’p Y, 137 211.93 85 s (ID)?%p
% 137 278.22? 67 v CP)*D
38R 221° % 137 519.23
3dPCF)f e A 187 519.68
3d8CCF)f 2[37° PA 137 598.51
% 187 526.73
348 (°F)Tf [6]° 13, 137 529.87
A 137 535.88
3d3C’F)Tf 247° % 137 581.18
i 137 535.96
34 CF)7g 287 % 137 568.00
’ 7, 137 568.02
343 (°F,)7g 2[6]° 1%, 137 573.19
1, 137 573.19
3d(°F,)7g 251° A 137 575.14
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Configuration Term J Level g Leading percentages
{em™Y
3d*(°F)8d ‘p A 137 706.71
3d°(’F)8d ‘D A 137 707.26
% 138 014.53
3d°(°F)8d ‘H A 137 735.22
A 137 742.95
8d*(°F)8d g VA 137 753.87
Ty 137 776.55
3d*(°F)8d iG 1, 137 754.78
A ' 187 782.50?
3d5C°F)9p ipe % 138 121.88
3d" (*F)4s4p('P°) G % 138 495.842
3d*(°F)9s 2 /A 138 563.71
/A 139 492.10
3d°(°P)ép ‘De [A 138 841.00
3dE(3Fy)Tf 2l6]° A 138 888.98
3d8(F,) g My A 138 928.70
3d(°F)8d H 1, 139 103.05
348 (°F,) g 2[6]° A 139 834.24
3d%('G)6s G A 140 006.17
A 140 008.76
Nim (°F,) Limit 146 541.56
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Z=28

Fe I isoelectronic sequence

Ground state: 1522522pé3523p63d8 *F,

Ionization energy = 284 900200 cm™ (35.32:0.02 eV)

This analysis has been made by Shenstone (1954) and
extended by Garcia-Riquelme (1958) who has also provided
unpublished results.

Shenstone’s line list includes the range 600-3000 A. The
spectrum has been reobserved and extended by Garcia-
Riquelme and Velasco (1955) in the range 2300-8600 A.

Some of Shenstone’s identifications in 3d'4p have been
changed by Roth (1968) in his theoretical study. He
calculated the percentage compositions of the 3d'4p terms.

The 3d® and 3d’4s configurations have been studied
theoretically by Shadmi (1962) and by Shadmi, Caspi, and
Oreg (1969). The leading percentages of the 3d° levels are
taken from Pasternak and Goldschmidt (1972).

Some changes in the 3d’4s °P and °D levels suggested by
Shadmi (1962) and agreed to by Shenstone are incorporated
in this compilation.

Garcia-Riquelme has provided new terms for the known
configurations 3d®%, 3d'4s, and 3d° 4p and has extended the
analysis further with the discovery of terms from the
configurations 3d%4s%, 3d'4d, 3d75p, 3d’74f, 3d°6s, 3d"5d, and
3d'5g. With her new measurements, she has determined

values to two decimal places for all levels above the ground
configuration and has calculated percentage compositions for
3d'4d, 4f, 5p, 5d, and 5g. In a few cases, we have changed
her designations to correspond with her percentages.

In all the calculations, the percentages for the two D
states of 3d’, distinguished by seniority, include the sum of
contributions from both states. They are distinguished by the
prefixes A and B.

The ionization energy has been determined by us from the
3d"(*Fns (n=4,5,6) series.
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Nim
Configuration Term J Level (ecm™Y Leading percentages
3g° ’F 4 0.0 100
3 1 360.7 100
2 2 269.6 99
34° ‘ D 2 14 031.6 83 I
34® p 2 16 661.6 84 16 D
1 16 977.8 100
0 17 230.7 - 100
3d® el 4 23 108.7 100
3d® 5 0 52 532.0 100
3d”(“F)4§ 5p 5 53 703.93
4 54 657.83
3 55 406.29
2 55 952.21
1 56 308.24
3d" (‘F)ds 5 4 61 338.58
3 62 605.58
2 63 471.93
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Ni n1—Continued

Configuration Term J Level (em™% Leading percentages

3d(*P)4s 5p 3 71 067.35
2 71 384.10
1 71 842.42

3d (%G )4s 3G 5 75 123.65
4 75 646.61
3 76 2371.25

3d(‘P)4s p 2 78 303.54 47 53 (*P) %P
1 T8 482.43 52 35
0 78 657.55 48 46

3d"(*P)4s p 2 79 143.01 47 53 (‘P)°P
1 79 749.22 56 39
0 20 621.10 43 51

3d"(%G)4s G 4 79 250.11

3d" (*H)4s 'q 6 81 686.80
5 82 193.80
4 82 826.40

3d7(a “D)4s D 3 82 172.60
1 82 277.26 54 a pylp
2 83 033.45

3d7(*P)4s p 1 84 604.10 48 40 (a’D)'D

3d"(*H)4s 'H 5 85 834.20

3d"(a ?D)4s D 2 86 645.88

3d7(*F)4s g 2 97 841.60
3 97 995.81
4 98 237.93

3d" (%F)4s 'F 3 101 954.90

3d'(“F)4p °F 5 110 212.80 % 5 ('F) G
4 110 871.35 65 29 (*F)D°
3 1171 221.20 78 17 (*F) °Dr
2 111 914.53 88 g (‘B D
1 112 401.65 96

3d'(‘F)4p e 4 111 898.65 63 2% (‘F) °F°
3 112 985.43 73 13 ('F) °F°
2 118 651.47 78 g (‘F)°G°
1 114 095.60 88 s (‘P)°D
0 114 295.45 91 g (*P) D’

3d"(‘F)dp 5G° 6 112 787.85 100
5 118 140.92 82 12 ('F) G
4 113 705.12 84 s ('F) °G*
3 114 110.20 86 7 (*F) °F°
2 114 971.01 88 5 (*F) D
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Ni m—Continued

Configuration Term J Level (cm™Y) Leading percentages
3d"(‘Frdp Ge 5 115 272.26 87 13 ('F) °Ge
4 116 674.39 83 9 (‘F) %
3 117 606.95 88 7 ('F) °F°
3d'("F)4p e 4 116 191.98 85 10 ('F) %G
3 117 250.80 83 s ('F)3G°
2 118 114.95 92
3d"(*F)4p pe 3 118 745.25 90 5 ('F) °F°
2 119 669.54 92
1 120 272.32 93
3d"(b 2D)4s D 1 121 192.93
2 121 411.60
3 121 802.45
3d"(“P)4p 58° 2 122 282.40 39
3d"(b D) 4s D 2 125 433.55
3d'(*P)4p Spe 2 129 913.10 82 7 (*F) "D
3 129 954.00 84 7
1 129 857.95 75 7
0 130 180.05 86 8
4 130 312.30 93 6
3d'("P)4p ’Se 1 130 863.50 53 12 (°p) %8
3d"(*G)4p *He 5 181 500.50 74 15 (%G) 'H°
4 1382 156.50 61 2% (%G) ¥
6 132 168.60 96
3d'(*Gr4p g 4 181 792.02 41 33 (%G)°H°
3 133 158.50 78 1 (*6)3Ge
2 134 281.90 94
3d"(‘P)dp Spe 2 182 818.26 45 a1 (%) %p°
3 133 095.89 7 19 (*P)°*D°
1 138 339.70 73 20 (‘P)3s°
3d"(*P)4p pe 0 132 864.8 69 18 (a’D)’p°
1 133 276.70 45 19 ('P)°De
2 138 642.58 49 10 (?P) *De
3d7(%G)4p IGe 4 133 324.70 47 24 (%G) ¥
3d"(‘P)4p ‘D 3 133 390.94 65 2 (‘P)°P°
2 183 500.97 42 3n  (*P) °P°
1 133 839.54 54 15 (°P) 3D’
3d"(*G)4p 3G 5 133 692.00 18 19 (%G) 'H°
3 134 334.79 70 15 (3G) 'Fe
4 134 414.77 73 4 o) e
3d(*G)4p 1 5 134 217.60 62 3 (°G) *H°
3d"(*G)4p B 3 135 023.20 57 15 (%G e
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Configuration Term J Level (cm™) Leading percentages
3d'(‘P)4p ipe 0 135 384.90 52 35 ()8
2 1385 850.38 75 10 (a’D) %P
1 186 098.70 78 1 (°p)Dr
3d"(*P)4p pe 2 136 813.20 41 2 (*p)'D°
3 136 967.00 , 77 8 (a’D)%F°
1 137 362.36 54 15 (aD) D
3d"(*H)4p 3Ge 5 137 020.20 94 5 (°F) %Ge
4 138 030.90 90 5
3 138 852.20 85 8
3d"(*P)4p 2 137 631.60 20 D° 20 D
3d" (*H)4p i 6 137 891.30 4 2 (*H) I
: 1 137 891.40 100
5 138 060.40 95
3d"(*P)4p Ige 0 198 146.48 61 39 (‘P) %P
3d"(a 2D)4p ’pe 3 138 487.40 79 1 (a’D)%F
1 188 979.20 50 a7 (%P pe
2 139 254.70 63 10 (°P)°D°
3d"(*H)4p uy 6 139 638.90 74 2 (°H) 1
3d"(a *D)4p Spe 4 140 184.65 98
3 140 544.52 71 8 (?P) °D°
2 140 885.40 73 10 (D)D"
3d"(*P)4p g 1 140 885.15 67 8 (*°p)'P°
3d"(*P)4p 'p° 1 141 414.10 49 17 (a’D) D’
3d(*H)4p *He 6 142 187.80 , 98
5 142 575.60 95
4 148 002.70 95
3d"(a °D)4p Ipe 2 142 433.95 46 29 (a®D)°P°
3d"(a *D)4p 3pe 2 148 560.16 48 24 (a’D) D
1 144 624.55 67 11 (2p) °p°
0 145 088.45 80 15 (°P) °P°
3d"(a *D)4p e 3 143 864.80 73 16 (%G) 'F°
3d"(*H)4p G 4 144 158.00 70 2 (3G)'G*
3d"(a *D)4p tpe 1 145 950.15 88
3d"(*H)4p B 5 146 325.80 96
3d® 4s® D 4 158 256.35
3 154 170.37
3d"(*F)4p 'De 2 155 071.00 60 32 (%) °F°
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Ni m—Continued

Conﬁgu}ation Term J Level (cm™Y Leading percentages
3d"(*F)4p 8Ge 3 155 443.50 82 10 (%F) 3F°
4 155 841.40 73 15 (CF) ’F°
5 156 808.70 94 5 (*H)%G*
3d"(*F)4p Ipe 3 156 411.20 68 19 (*F) *De
2 156 522.87 64 2 (°F) 'D°
4 156 972.08 50 8 (°F)'G°
3d"(°F)4p p° 3 156 853.00 72 18 (°F) %
2 157 154.27 85 s () 'De
1 157 235.16 93 5 (b)) D
3d'(*F)4p g 4 157 37542 65 32 (*F) °F°
3dT(*F)4p pe 3 161 754.89 97
3d'(5°D)4p Spe 2 176 487.10 99
1 176 583.90 98
0 176 736.40 99
- 8d"(b*D)4p 3pe 2 177 805.60 96
3 178 451.50 9
4 179 282.00 97
3d"(‘F)dd °F 5 181 019.08 90 s °G
4 181 482.95 83 8 °G
3 181 996.70 80 g D
2 182 587.83 87 5 °D
1 183 035.25 95 2 °D
3d7(b*D)4p Ipe 1 181 208.4 95
3d(b D) 4p pe 3 181 658.4 91
3d7(‘Fr4d °G 6 181 840.00 96 4 °H
5 182 827.13 63 2% °G
4 183 041.45 7 1B %G
3 183 637.78 81 4 %G
2 184 124.86 74 P
3d"(*F)5s S 5 181 998.15 99
: 4 182 798.20 84 14 PF
3 183 612.67 93
2 184 220.35 97
) 1 184 609.57 99
34" ("F)4d *H 7 182 508.30 99
6 183 126.19 59 30 °H
5 183 904.88 80 U *H
4 184 510.75 88 5 G
3 184 944.95 81 v %G
3d"(‘F)4d p 3 182 524.69 83 s D
2 183 575.58 55 21 °G
1 184 375.68 59 38 °D
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Ni m—Continued

229

Configuration Term J Level (cm™) Leading percentages
3d7(*F)4d 3G 5 183 052.20 66 2 °G
4 183 859.72 74 16 °G
3 184 346.50 74 15 °H
3d"(*F)ad D 4 183 464.88 85 g °F
3 184 518.20 64 13 ?D
2 185 067.15 55 2% °D
1 185 116.05 46 38 P
0 185 147.23 98
3d7(b D) 4p D° 1 183 717.00 95
2 183 872.00 73 95 D°
3 184 723.10 96
3d"(*F)4d D 3 183 839.47 71 U D
2 184 628.54 66 15
1 185 543.70 82 12
3d7(*F)5s i 4 184 037.62 85 u 5F
3 185 248.15 93
2 186 073.40 87
3 (*Fyad *H 6 184 166.57 60 37 SH
5 184 805.62 80 15
4 185 639.13 91 5
3d"(*F)4d °F 4 187 351.88 86 5 (¢ %F
3 188 140.54 84 8
2 188 622.87 85 6
3d7(‘Frdd ’p 2 187 493.38 87 5 ('m)°p
1 188 542.82 90 6
0 189 056.90 91 6
3d"(‘F)5p Spe 5 199 919.08 91 8 SG°
4 200 076.35 49 42 D
3 200 962.97 64 27 ODF
2 201 795.23 80 15 D°
1 202 263.08 94 s °D°
3d(*F)5p Ge 6 200 747.06 99
5 201 033.68 48 a3 G
4 201 969.90 67 14 CF°
3 202 608.20 6 1 F
2 208 020.07 78 10 "D
3d"(*F)5p D 4 200 935.60 54 29 S
3 201 829.46 60 1B P
2 209 487.82 7 17 G
1 202 898.94 92 6 F°
0 203 078.46 98
3d"(‘F)5p SF° 4 202 074.33 71 5 OF°
3 203 860.52 57 20 D°
2 2038 739.65 58 38 °D°

J. Phys. Chem. Ref. Data, Vol

. 10, No. 1, 1981



230

C. CORLISS AND J. SUGAR

Ni i—Continued

Configuration Term J Level (cm™) ‘ Leading percentages
3d"(*F)5p ’G° 5 202 125.84 54 4 °G°
4 208 197.33 75 19
3 203 976.35 85 7
3d"(*F)5p pe 3 202 624.51 62 30 °F°
2 204 242.07 57 33 p°
1 204 677.95 ) 98
3d°(°D)4s4p Spe 4 . 204 404.12
3 204 714.93
2 205 062.51
1 205 327.00
0 205 466.00
3d%(°D)4s4p Sge 5 206 925.18
4 207 882.10
3 207 744.30
2 208 005.7
3d°(°D)4s4p *pe 3 212 812.5
2 213 016.8
1 218 490.0
3d%(°D)4s4p e 4 212 832.7
3 213 979.67
2 214 744.0
3d (*Fy,0) 4f 2,1° 1 6 291 187.25 99
5 221 195.35 88 1 %1
3d"(*Fo,0)4f %) | 4 221 256.08 98
5 291 268.50 88 11 W]°
3dT(*Fy) 4f W7 291 286.78 99
6 291 292.92 99
3d"(“Fy,2)4f 2[%1° | 3 221 850.90 99
4 291 388.14 98
3d"(*Fy,0) 4f %Ll 8 291 433.90 99
7 221 444.15 99
3d"(*Fq,0)4f %1 | 5 292 455.66 94
4 299 46647 89 VAN
8d"(*Fy,5)Af %1° | 3 221 476.68 99
3d" (*Fq2)4f 210 6 299 494.65 99
5 299 529.55 94
3d"('Fy,9)4f VAN 292 516.60 97
4 292 547.50 89 10 %]°
3d" (*Fq ) 4F 2%1° | 8 292 530.00 97
2 292 571.87 98
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Ni m—Continued

Configuration Term J Level (cm™) Leading percentages
3d" (*Fy,0) 4F AN 292 596.30 99
6 229 599.70 99
3d" ('F,0)Af 21| 4 223 3872.00 98
|3 228 899.77 87 12 %)
3d" (*F5,0)Af (%1° | 3 223 406.81 85 12 %)
2 293 375.18 97
3d" ('Fy 00 4f %10 5 223 434.10 99
4 223 314.77 98
3d" (*Fy,0)4f AN 293 461.15 99
6 293 469.90 99
84 (1Fy ) 4f 2900 | 2 293 481.95 99
1 223 481.34 a9
3d" ("Fy,0)4f 2%1° | 3 293 957.54 97
2 224 026.05 97
3d" (*Fy,5)4f A% | 4 223 989.02 99
5 294 020.91 99
3d"(*F)6s 5 5 225 784.20 99
4 226 290.44 44 55 °F
3 227 270.07 78 26 °F
2 227 985.66 90 9 °F
3d" (*F)5d F 5 225 918.35 9 20 °G
4 226 118.80 55 3¢ D
1 298 042.24 62 2 D
3d"(*F)5d °G 6 226 124.64 91 s °H
5 227 433.80 4 34 3G
3 227 963.02 43 M D
2 298 483.54 68 13 °F
3d"(*F)5d SH 7 226 380.36 99
6 227 649.28 60 33 °H
5 227 726.91 61 26 °H
4 298 434.45 78 10 °H
3 298 955.36 2 G
3d"(“F)5d P 3 226 532.85 51 3 °D
2 227 767.03 53 26 °F
1 228 329.40 42 31 ‘D
3d"(*F)5d 3G 5 226 603.73 51 0 °G
: 4 228 195.11 46 34 °G
3 298 858.30 40 34 °H
3d"('F)5d *H 6 226 686.28 66 31 °H
5 228 609.82 59 29
4 229 291.50 79 12
3d'(*F)5d 3 226 757.78 37 °D 2 °p
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Ni m1—Continued

Configuration Term J Level (ecm™Y Leading percentages

3d"(*F)5d D 4 227 091.99 42 3 °G

3 298 363.94 46 23 OF

0 228 736.36 99

2 228 819.73 56 20 °P

1 229 057.39 38 31 °p
3d"("F)6s 5F 4 227 288.70 44 55 °F

3 228 290.97 73 26

2 229 036.43 90 9
3d"(‘F)5d 2 . 227 346.84 35 OF 15 P
3d"("F)5d D 3 227 459.43 48 2 O°F

2 298 2713.42 62 18 %G

1 228 879.50 59 21 P
3d"(*F)5d 4 227 553.40 30 °F 21 %G
3d7(*F)5d i 4 230 169.90 89 ¢ G

3 231 033.56 84 3 %G

2 231 548.58 83 2 D
3d"(*F)5d p 2 230 219.9 87 7 (‘F)*D

1 231 309.0 93 3 (P D

0 231 761.8 97 2 (‘mp
3d"(*Fy,5) 58 %) | 8 244 262.75 97

7 244 267.15 93
3d" (*Fy,5) 5g U1 | 6 244 264.23 86 16 (%)

5 244 264.28 72 21 %]
3d"(*Fy,5) 58 8y |7 244 289.88 94

6 244 290.37 86 13 2,1
3d"(*Fy,) 58 2[%] 4 244 306.13 53 6 %]

5 244 306.20 7 21 Y]
3d"('Fy,») bg AN 244 343.23 99

8 244 343.20 98
3d" (F,,,) 5g 2%,] | 6 245 471.20 87 1 W]
3d"("Fy,5)5¢ AN 245 488.31 60 38 (%]

6 245 495.36 89 10 %)
3d"(*F,,5) 58 AR 245 528.40 96
3d"("Fy,5)5¢ %) 5 245 532.59 60 39 %]

4 245 572.57 70 28 3]
3d" (*Fy,5) 58 2[%] 4 246 364.86 9 ‘

5 246 376.24 55 a2z ['Y,]
3d" (*Fy,5) 5g AT 246 385.97 9
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Ni mi—Continued

Configuration Term J Level (cm™) Leading percentages
3d"("Fy,5)58 %] 4 246 938.98 72 26 ]
5 246 954.87 58 a0 Y,
Niv (‘Fy,5) Limit 284 900

J. Phys. Chem. Ref. Data, Vol, 10, No. 1, 1981
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Ni v
Z=28
Mn 1 isoelectronic sequence
Ground state: 15°25°2p°35°3p°3d" *F,,,
lonization energy = 443 000 cm™' (54.9 eV)

The first work on Ni IV was reported by Poppe (1968), The leading percentages were calculated by Poppe (1976).
who found two quartets in the 3d configuration and quartets ~ We use the designations of Nielson and Koster (see
and sextets from 3d°4s and 34°4p. The sextets and quartets introduction) to represent the seniorities.
were connected by intercombinations found by Garcia- The ionization energy is from Lotz (1967).

Riquelme (1968). '
The present compilation is taken from an extension of the References

analysis by Poppe (1976). The 3d7—3d64-p array was observed Garcia-Riquelme, O. (1968), Physica 40, 27
. ; . arcia-Riquelme, 0. , Physica 40, 27.
in t‘he region 390-710 A and the 3d:4«s—3d64p array in the Lotz, W. (1967), J. Opt. Soc. Am. 57, 873.
region 1210-1830 A. All levels of 34" have been found. The Poppe, R. (1968), Physica 40, 17.
uncertainty of measurement in the short wavelength array is Poppe, R. (1976), Physica 81C, 351.

2 or 3 cm™ and in the longer one, about 0.5 cm™.

Niwv
Configuration Term J Level (cm™% Leading percentages
3d" iF % 0.0 100
YA 1189.7 100
% 2042.5 100
¥, 2621.1 100
ad" Pp A 18 118.6 100
VA 18 366.8 93 7 %p
A 18 958.4 97 s P
3d G %% 19 829.6 97 2 *H
A 20 947.6 100
3d" p % 23 648.9 83 8 D2
Yo 24 651.4 97 s ‘P
3d" H W, 26 649.1 100
% 27 677.6 98 2 G
3d’ D2 A 27 096.5 i 23 *D1
% 28 777.7 72 18
3d" ’F %, 43 437.5 100
A 43 858.6 100
3d"’ 1 %, 67 360.0 80 20 D2
% 67 989.8 7 23
3d°(°D)4s D % 110 410.6 ‘ 100
A 111 195.8 100
% 111763.3 100
A 1121519 100
A 112 379.3 100
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Ni iv—Continued

Configuration Term J Level cm™) Leading percentages
3d°(°D)4s ‘D A 120 909.5 100
A 1218077 - ' 100
¥, 122 386.1 100
Y, 122 717.4 99
3d5(3P2)4s p VA 138 446.2 62 37 (°P1) ‘P
A 140 343.0 60 35
A 141 561.2 60 36
3d*(*H)4s ‘H A 139 289.4 100
1, 139 619.2 98 2 (3G) ‘G
/A 139 886.7 94 3 (e G
A 140 140.9 96 2 (6 G
3d°(’F2)4s ‘F %, 141 220.3 72 a1 (F1)F
A 141 571.2 74 20
% 141 832.0 7 20
%, 142 023.5 80 19
3d%(°G)4s G A 144 815.1 71 28 (°H) *H
% 1457022 76 18 (°H) *H
A 146 061.5 88 1 (°F2) %F
EA 146 153.8 90 6 (°F2) %F
3d%(°P2)4s Zp % 145 192.1 60 36 (°P1) %P
3d°(*H)4s ’H A 145 962.5 71 21 (3G) G
% 146 194.3 78 17
3d8(°F2)4s & A 147 635.9 69 18 CF1)F
%o 148 358.2 74 18
3d%(®G)4s G A 151 574.7 97 3 (°H)*H
% 152 343.7 95 4 (°F2)F
3d°(*D)ds ‘D Yo 153 313.8 99
;A 153 338.8 98
A 153 349.4 _ 99
Y 153 533.6 100
3d%('T)4s 7 13, 155 253.7 100
1, 155 308.7 99
3d%(1G2)4s G %, 156 294.0 65 2 (Gl %G
A 156 351.2 65 32
3d%(°D)4s D A 159 498.5 94 ¢+ ('D2) D
A 159 818.4 96 2
3d°('F)4s g yA 171 406.0 98
A 171 408.0 98
3d°(°D)4p °pe VA 175 569.5 98
I 175 869.1 96 2 (°D) *p°
VA 176 247.1 97
¥, 176 554.4 98
Yy 176 749.0 99
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Ni iv—Continued

Configuration Term J Level (cm™Y Leading percentages

3d°(*F1)4s N % 179 583.0 80 20 (°F2) 'F
% 179 655.0 78 22
A 179 724.0 79 20
[A 179 792.0 78 20

3d*(°D)4p Sge 1, 181 9315 100
%, 182 044.9 94 4 (D) P
/A 182 125.6 93 3 (°D) e
% 182 206.8 95 2 (D) D
% 182 259.9 9 2 (°D) Dr
Y, 182 288.4 9

3d°(°D)4p bpe Y, 184 099.1 84 1 (°D) ‘Dr
A 185 505.3 88 9
% 186 441.4 94 4

3d%(°D)4p Do yA 185 890.0 83 13 (°D) *p°
% 186 516.1 84 10 (°D) Spe
%, 186 957.2 89 4 (°D) °p°
A 187 225.7 93 3 (°D) °F°

3d°(°F1)4s ’F YA 185 967.0 7 a1 (°F2) °F
% 185 997.0 80 20

3d°(°D)4p g % 186 470.1 94 (°D) °f~
yA 187 570.8 95 (°D) °F*
A 188 820.1 96 (°D) °F-
A 188 824.2 97

3d°(°D)4p ipe % 190 830.8 97
%, 191 618.2 98
Y, 192 038.5 98

3d%('G1)4s %G s 190 864.7 66 33 ('G2) G

: A 190 932.8 66 33

3d°(3P2)4p 5 A 205 114.1 44 v (°p2) ‘p

3d°(*H)4p G 1y, 206 005.3 68 21 (°F2) ‘G
%% 206 340.9 51 28
PA 206 645.7 45 34
% 206 847.0 42 38

3d5(°P2)4p A 206 523.2 21 P° 23 (°P1) ‘p°

3d°CH)4p 10 Yy 206 740.7 51 35 (°H) ‘H°
18 206 754.5 48 38 (°H) ‘H°
VA 208 046.8 46 19 CH) ‘H°
A 208 149.5 99

| 3d%(CH)4p % 206 865.5 8 T 31 He

3d5C*H)4p ‘He A 207 136.0 41 20 (°H) %G
A 208 595.8 45 u CH) T
A 208 631.3 51 0 CH) T

3d5(°P2)4p ipe Yy 207 846.2 48 a  (p1) P

J. Phys. Chem. Ref. Data, Veol. 10, No. 1, 198}
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Ni v--Continued

Configuration Term J Level (cm™Y Leading percentages
6 ¢ 3 5, 2o 3 21y
3d%(°P2)4p A 208 009.1 32 D 20 (°P1)°D
3d°(*P2)4p PA 208 330.7 22 “pr 19 (°F2) F°
3d%(*P2)4p % 208 461.0 22 8¢ 13 ip
3d5(°F2)4p ipe %y 208 605.7 54 18 (°F1) P
% 208 766.9 63 20
%, 208 933.6 49 18
3d®(°P2)4p - ipe /A 208 912.1 39 21 (°P1) ‘D°
A 210 313.8 59 28 (°P1) ‘Dr
3d°C*H)4p A 209 131.9 31 G 23 (*H) ‘H°
3d*(*H)4p A 209 391.4 34 Ge 16 (°F2) F°
3d5(*P2)4p % 209 985.1 18 2D 16 (°P2) ‘P
3d5(°F2)4p ‘De FA 210 121.8 49 10 (°F1) ‘D°
% 210 943.6 37 20 (°P2) D°
%, 211 246.8 49 10 (D) ‘De
Y, 211 351.7 67 12 (°F1) D°
3d%C*H)4p 2 A 210177.0 86 n CH)T
W, 210 987.5 88 4
3d%(°F2)4p % 210 590.6 u D 23 (*P2) ‘Dr
3d°(*P2)4p EA 211 027.6 20 “‘D° 18 (°F2) ‘D°
3d°(°F2)4p 1Ge % 212 150.9 31 20 (°H)‘Ge
A 212 207.0 53 17
3d5(°F2)4p 5, 212 275.9 T o 19 (°F2) ‘G°
3d°(’F2)4p A 212 981.8 26 ‘G° 17 (CH) G°
3d%(’F2)4p /A 213 181.1 24 %F° 14 CH) ‘¢°
3d%(*G)4p Fe %, 218 408.6 57 2 (°G)G°
YA 214 101.0 37 a (e 'er
% 215 516.8 43 o ('G) G
%, 215 541.8 68 15 (°D) *Fe
3d°CCH) 4p A 213 412.1 i G 18 (°F2) ‘G
3d%(°G)4p A 213 606.9 a1 G 30 H°
3d°C*P2)4p Y 213 640.2 31 7P 2 (°P1) %P°
3d%(*F2)4p %, 213 739.7 33 G 20 (°G) *H"
3d°C*P2)4p ipe % 214 055.8 50 33 (3P1) %P°
34%(3G)4p iGe 1, 214 316.8 41 21 (CH) *H°
A 214 718.1 46 21 (°G) P
% 214 910.5 40 16 (CH) H°
YA 215 292.9 39 33 (3G) P

237
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Ni rv—Continued

Configuration Term J Level (cm™Y Leading percentages
3d*(°F2)4p % 914 5874 2 G 16 (°H) *H°
3d°C’F2)4p ek A 214 622.8 60 14 (°F1) %G°
3d%(°G)4p H A 215 506.6 86 1 CH) '‘H°
A 215 684.5 73 10 (°H) *H°
% 215 724.5 73 12 CH) ‘H°
% 215736.1 73 9 (CH) 'H°

3d°(°P2)4p 5 A 215 531.0 a1 1 (P°P1) %8°

3d°C’F2)4p e % 217 414.8 67 10 (°P2) D
%, 217 939.7 64 15

3d°C*H)4p He A 218 860.6 48 2 Co)He

3d*(°G)4ap 2pe A 219 553 4 41 19 (°D)
A 219 896.0 52 16

3d%(°G)4p He % 219 765.0 43 39 (°H) *H°

3d%('D4p Ko A 220 762.6 97 2 (DA
A 222 202.8 99

3d%(*G)4p G % 221 991.0 71 18 (°H) %G
A 222 029.3 4! 12

3d5¢°D)4p “pe A 222 333.3 87 s (°P2) ‘P*
% 222 662.9 74 s (°D)%P°
Yy 228 225.4 66 13 (°D) D

3d5('G2)4p 2He A 292 705.5 a4 17 (D) e
A 225 758.5 36 21 (!G1) H°

3d%('D4p ’He A 292 993.3 53 2% ('G2) *H°
VA 225 903.7 61 15 ('G1) H°

3d°(*D)4p Y, 223 7854 33 P 2% (°D) P*

345°D)4p e 5, 294 021.3 58 1 () T
Y 2924 824.9 a7 12 (G2) %G°
A 225 096.4 73 n (G) e

3d°(*D)4p yA 224 075.8 24 P 10 ('G2) F°

3d°C*D)4p % 224 174.0 30 ‘D 30 (’D) %p°

3d%(1G2)4p ek A 224 465.6 4 18 (*Gl) %G°
A 294 761.5 50 21

3d°(*D)4p e 9, 224 645.7 68 4 (D) P
A 225 136.9 54 13 ('G2)

3d°(*D)4p Zp° % 224 936.9 41 41 (D) D
A 224 996.5 40 36

3d°('G2)4p A 225 431.6 YR O 15 (‘G1) e
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Ni tv—Continued

Configuration Term J Level (cm™9) Leading percentages

3d°('D4p e 13, 296 685.0 98 2 (DK’
1, 296 702.5 82 10 (1) 2H°

3d°(°D)4p e EA 227 181.1 76 7 (‘D2) %P*
A 297 549.4 86 s ('F)%D°

3d%('D2)4p Zpe % 298 214.2 34 23 ('82) %p°
A 232 897.0 40 21

3°CDy4p Zpe A 298 518.5 62 14 ('D2) F°
% 229 269.5 54 20

3d5(182)4p _ Yy 229 297.5 32 P 2 ('D2) ?p*

3d%('D2)4p A 231 091.8 31 D 17 ('D2) %F°

3d5('D2)4p pe A 231 742.0 62 12 (‘D) D°

3d°('D2)4p %, 292 279.7 : 30 D P

3d°('D2)4p 2pe ", 232 539.5 51 13 (ID1)

3d5('82)4p A 234 019.5 31 epe 24 ('D2) %p°

3d5('F)dp iGe /A 237 480.8 90 2 (3G) W
% 238 952.8 93 2 ('G2) %G°

3d°('Frdp pr % 289 009.7 63 15 ('D2) *D°
% 240 094.2 70 9

3d°C*P1)4p ‘D° Y, 241172.4 31 37 (°F1) 'Dr

3d°(°F1)4p D A 241 540.0 35 32 (°PL) ‘D
v 241817.9 43 29
/A 241 939.0 50 23

3d°('F)4p pe %y 248 590.1 83 4 ('G2) 7F°
A 248 542.0 82 4

3d°C*F1)4p G YA 247 731.7 7 1 (°F2) ‘G°
A 248 218.0 74 18
A 248 8554 78 20

3d°C°P1)dp ige Y, 2491300 74 2 (°P2) ‘s°

3d°(*F1)4p De % 250 951.0 49 24 (°P1) 2D
A 251 694.3 46 23

3d%(°F1)4p - G %% 251 778.6 66 1 (PF2) *G°
A 252 523.0 69 16

3dC’P1)4p ‘pr % 252 354.0 37 29 (*P2) ‘P°

3d°(°F1)4p v 252 975.4 32 ‘D 23 (°P1) ‘D°

345 F1)4p %, 258 826.2 T 13 (°P1) ‘D°
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Ni iv—Continued

Configuration Term J Level (cm™Y) Leading percentages
3d%(°F1)4p e ¥, 253 579.8 57 18 (°F2) 1Fe
s 259 639.1 40 16 (°Pl)*‘D°
A 254 123.7 40 17 (°F1) 'D°
% 254 300.0 66 24 (°F2) 'F°
3d5(°F1)4p A 254 663.4 2 F° 22 (°P1) ‘D°
3d°(°F1)4p A 255 064.0 21 *D° 23 (°PD) D*
3d°CF1)4p e A 257 018.0 54 23 (°F2) ZF°
A 257 406.4 86 25
3d%('G1)dp 2He A 258 672.8 59 33 ('G2) H°
v, 260 065.1 62 35
3d%(!G1)4p A 260 355.5 F R 23 (‘Gl1) %G°
3d°(*G1)4p. Zpe % 261 926.3 55 2% ('G2) %F°
3d%('G1)4p %G® A 262 275.5 64 21 ('G2) *G*
/A 262 538.7 a4 19
3d°(*D1)4p pe % 282 179.5 19 7 ('D2) D
% 282 645.2 79 17
Niv (D) Limit 443 600
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ENERGY LEVELS OF NICKEL

Z=28

Cr 1 isoelectronic sequence

Ground state: 1s22522p63523p63d6 °D,

[onization energy = 613 500500 cm™ (76.140.6 eV)

The 3d°-3d°4p transition array between 300 and 425 A
has been observed and analysed by Raassen, van Kleef, and
Metsch (1976). They have found all but the high 'S level of
3d°® and 177 out of 214 levels of 3d°4p. The uncertainty of
the level values is about £0.5 cm™.

Raassen and van Kleef (1977) found 37 more levels of
3d°4p and observed and analysed the 3d°4s-3d°4p transition
array between 990 and 1400 A. They also found one term in
each of the configurations 3d°5p, 3d°4f and 34°5f.

1V

241

Raassen and van Kleef derived the ionization energy from
the two-member np and nf series. We have confirmed their
value to within 200 em™ by recalculating the 3d5(6S)nf °F
series limit and assuming a value for n*(5f-n*(4/) of 0.9952
taken from Zn 1. Accordingly, we reduced their uncertainty
estimate of 3000 cm™ to =500 em™.

References

‘Raassen, A. 1. I, van Kleef, Th. A. M., and Metsch, B. C. (1976), Physica

84C, 133.
Raassen, A. J. I., and van Kleef, Th. A. M. (1977), Physica 85C, 180.

Niv
Configuration Term o Level (cm™Y I Leading percentages
348 D 4 0.0 100
3 889.7 100
2 1489.9 100
1 1 871.5 100
0 2 057.6 100
340 ’p2 2 26 153.0 62 33 %P1
1 28 697.6 63 37
0 29 640.0 62 36
3d® H 6 27 111.2 99 |
5 27 578.2 97 3 %G
4 27 858.8 88 5 °F2
3t *F2 4 29 123.7 68 20 °F1 \
3 29 570.8 75 20 )
2 29 899.2 80 20
3d® ’G 5 33 256.5 97 3 °H
4 34 061.7 93 4 °F2
3 34 416.4 9 4 3F2
3d8 1y 6 41 252.2 99 1 °H
3d° D 2 41 626.9 97 2 'D2
1 41701.1 100
3 41 920.2 100
3d° G2 4 42 2081 65 33 1G1
3d° 52 0 47 699.7 76 22 181
3d® pe 2 48 607.0 6 21 D1
3d° Iy 3 57 924.1 98 1 %P1
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Ni v—Continued

Configuration Term J Level cm™Y Leading percentages
3d° p1 0 66 787.8 64 36 P2
1 67 547.9 63 37
2 69 156.1 62 38
34° | 2 68 632.1 80 20 °F2
4 68 718.7 77 22
3 68 854.7 78 20
38 1G1 4 77 899.5 66 34 G2
348 D1 2 104 420.5 78 22 D2
3d°(°S)4s S 3 164 525.9 100
3d°(%S)4s 5g 2 178 019.8 100
3d°(‘G)ds 5G 6 208 046.4 100
5 208 131.0 100
2 208 151.5 99 1 (°F1) °F
4 208 163.7 100
3 208 164.6 100
3d°(*P)4s 5p 3 212 095.8 90 9 (‘D)°D
2 212 258.4 91 8
1 212 455.7 96 4
3d°(*D)4s D 4 216 189.9 99 1 ('G) %G
0 216 305.7 98 2 (‘P)°P
1 216 484.7 94 4 (‘P)%p
2 216 590.5 91 s (‘P)°p
3 216 596.0 90 s (‘m)yp
3d5(4G)4s e} 5 217 048.7 100
3 217 101.0 99 1 CFH'F
4 217 129.1 99 1 (‘D) D
3d%(“P)ds p 2 221 087.6 88 s (‘D) D
' 1 221 429.0 92 6
3d°(‘D)4s D 3 225 200.7 99
1 225 545.1 94 s (‘P)°%p
2 225 616.5 90 s (‘P)%p
3d%(*1)4s i 6 229 408.8 98 1 (*H) *H
5 229 418.0 99 1 (*H) °H
7 229 440.6 100
3d%(’D3)4s D 3 232 545.9 55 18 (?F1) %F
2 232 655.6 50 17 (3F1)
1 232 910.8 50 34 (*F)°F
3d°(*)4s ly 6 233 839.2 98 2 (*H)®H
3d°(*F)4s 5p 5 234 082.1 98 2 (*G2) %G
4 234 125.4 92 5 (%F1) °F
3 234 2752 89 8 (°F1) °F
2 234 412.7 10 23  (°F1) °F
1 235 116.5 85 21 (*D3) °D
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ENERGY LEVELS OF NICKEL

Ni v—Continued

Configuration Term J Level (cm™) Leading percentages

3d°(*F1)4s g 4 235 420.6 92 6§ (‘F)°F
2 235 736.5 36 23 (*D3)°D
3 236 454.1 69 16 (°D3)°D

3d°(*D38)4s Ip 2 239 107.7 55 22 (*F1) °F

3d°(?F1)4s 'F 3 240 193.8 83 6 (3G2)°G

3d°(°H ) 4s *H 4 240 959.6 7 1 (3G2)°G
5 241 082.2 69 22 (G2 %G
6 241 773.6 97 2 (Y4

3d°(°G2)4s e 3 242 290.4 79 12 ('F)°F
4 242 504.3 45 28 (‘F)°F
5 242 862.6 66 30 (?H)°H

3d°(58)4p P 2 242 837.0 99 1 (%s) °p°
3 248 608.5 98 2 (%) %p°
4 244 900.5 100

35 (*F)4s 3 2 243 266.2 9 s (%F2) °F
4 243 331.5 62 30 (2G2)%G
3 243 870.5 83 14 (262) %G

3d°(*H)4s " 5 246 240.9 96 ¢ (3G2) %

3d°(%G2)4s el 4 247 049.1 63 33 (%F2)°F

3d°(*F2)4s ’F 3 247 104.9 97 1 ('F) °F
2 247 165.0 96 3 (‘F)°F
4 247 281.8 63 23 (}G2)'¢

3d°(*F2)4s F 3 251 654.9 96 2 (‘F)%F

3d°(58)4p °pe 3 258 862.7 96 2 (%) "P°
2 254 495.6 97 1 ('D) %P
1 254 885.0 98 1 (D) °p°

3d°(%8)4s g 1 253 905.2 100

3d°(°D2)4s D 1 263 700.9 100
2 268 785.7 99
3 263 805.8 99

3d*(*D2)4s p 2 268 273.9 99

3d°(*G1)4s 3G 5 274 695.4 100
4 274 738.6 100
3 274 773.5 100

3d°(°G1)4s el 4 2791995 - 100

3d°('G4p G 2 284 215.5 92 4 (‘Q)
3 284 249.0 84 o (‘G)°H°
4 284 808.9 81 u () '
5 284 402.5 80 u ('G)
6 284 579.5 84 1 ('G)*H°
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Ni v—Continued

Configuration Term J Level (cm™Y Leading percentages
3d5(*G)4p *H° 3 286 293.6 88 8 (‘¢ 5Ge
4 286 706.6 82 12 (‘G) %G
5 287 127.2 75 1 (‘G) °F°
6 287 645.9 86 13 ({G) sGe
7 288 021.6 100
3d5(“P)4p pe 1 287 755.5 63 20 (*D)°D°
2 287 782.1 45 18 (*G) °F
0 290 262.0 64 15 (D) °D°
3d°(*Gr4p e 5 287 906.9 5 8 (*G)°H°
4 288 161.6 1 10 (‘D) 5
1 289 163.0 71 1n (‘D) °F
2 289 247.1 52 13 (‘P)°D°
3 289 298.0 40 32 (‘P) °D°
3d°("G)4p 3 287 960.0 39 °F° 2 (‘P)°De
3d°(‘P)4p 5ge 2 288 877.9 38 s (*G)°F°
3d°(‘P)4p Spe 3 290 752.0 44 s2 (‘D) °p°
2 291 390.0 58 26
1 291 541.7 71 15
3d°('G)4p Spe 2 291 097.7 84 4 (‘o) oGe
3 291 328.5 81 4 (°F) F°
4 291 554.6 88 ¢ ('F) %
3d°('G)r4p *He 6 291 891.4 93 3 (‘G)H°
5 292 353.4 94 2 (*G) *H°
4 292 631.0 95 2 (°I) *H°
3d°(‘P)4p 8pe 2 292 983.0 52 18 (‘D) *p°
1 298 420.0 53 18
0 293 867.0 65 20
3d°(‘D)4p Spe 1 293 833.8 73 11 ('G) o
2 294 086.0 76 15
3 294 443.8 76 11
4 294 959.6 79 8
5 295 444.8 91 6
3d°(*D)4p D 3 296 574.0 51 18 (*P)D°
4 296 919.8 68 22
2 297 014.8 54 17
1 297 417.9 51 17
0 298 060.0 63 22
3d°('G)4p g 3 296 847.1 90 2 ('F) %G°
4 296 897.0 91 2 (*F)G°
5 296 932.9 92 2 (‘@) 5F°
3d°(‘P)4p pe 3 297 418.1 60 14 (‘D) °p°
2 287 842.5 57 18
3d°(*D)4p Spe 1 297 982.8 40 36 (‘P)°De
2 299 045.6 39 19 (*P)°p°
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Ni v—Continued

Configuration Term J Level (cm™Y Leading percentages
3d°(*P)4p 1 298 600.6 3 °D° 29 (‘D) °p°
3d5(*D)4p D° 3 298 972.8 43 15 (‘P) °P

2 200 924.9 74 8 (*F)*pr

1 200 563.8 65 1 (P) D
3d°(‘Dydp 3 200 201.0 36 °D° 31 (‘D) °p°
3d°(‘D)4p g 4 200 918.1 84 5 (%G2) ’F°

3 201 470.2 76 g (‘P)°pr

2 201 553.0 80 7 ('P)*D°
3d°(‘P)4p 8ge 1 203 248.5 91 3 (‘D) *pr
3d°(‘D)4p pe 0 205 886.9 72 22 (‘P) %pe

1 205 838.1 66 21

2 206 $77.8 63 25
3d*(1)4p Ke 6 205 590.8 69 % (°D°r

7 305 996.3 56 (D1

8 308 138.8 100
3d°(*I4p 3 5 206 049.0 64 19 D) 'H°

6 307 399.7 53 26 (%) K"

7 208 317.8 62 38 () *Ke
3d°(*D1)4s D 3 306 962.9 7 23 (°D3) D

2 307 025.2 77 23

1 307 105.1 76 23
3d°(*D3)4p 3o 2 307 781.1 21 25 (IF1) *F°

3 308 582.0 37 23

4 310 212.6 39 25
3d°(1)4p e 5 208 804.1 52 29 (D1
3d°(*D3)4p 2 308 943.0 29 F° 21 D
3d°(1)4p SHe 6 309 264.0 73 7 (D

5 209 919.5 78 un D ee

4 209 952.5 79 5 (%G2) *H°
3d°(*4p K° 7 309 743.6 91 5 (DK
3d°(?D1)4s p 2 311 470.3 7 23 (°D3)'D
3d°(°D3)4p pe 2 311 966.5 40 15 (°F1) *pe

0 218 577.8 66 2 (*D1) °p°
3d°(*F1)4p G 4 212 008.8 43 12 (*H)'Ge
3d°(*D3)4p 1 212 291.0 a1 p 28 (*D3) *D°
3d5(*F1)4p 8Ge 3 312 463.8 43 20 (°F1) ¥F°

5 314 702.2 70 23 ('F) %ge
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Ni v—Continued

Configuration Term o Level (cm™Y Leading percentages
3d°(*F)4p 5Ge 2 312 778.2 78 9 (°F1) °F°
3 312 889.4 43 19 (*D3) °D°
4 313 281.8 72 5 (‘F) °F°
5 818 464.7 56 15 (°F1)3G°
6 214 756.4 53 2 DI
3d°(*F1)4dp 3 212 953.6 33 °D° 31 (F) %G°
3d°(*D3)4p 1 318 679.0 29 °D° 21 (*D3) *p°
3d°(*D3)4p pe 2 313 686.6 45 15 (1) *pe
3d°(?F1)4p 3 313 919.8 23 *De 22 (*D8) *D°
3d°(*F1)4p 4 314 208.8 30 SFe 3 (°F1) ’G°
3d°(*D)4p e 6 314 892.0 a4 8 (*F)%Ge
3d°(“F)4p Spe 3 214 562.8 61 2% (‘F) °D°
4 214 599.2 39 21 (*F) °D°
2 314 834.7 42 23 (‘F)°D°
1 216 152.8 74 9 (*F) °D°
5 215 168.2 65 s (‘F)%G°
3d°(*F1)4p pr 1 215 200.7 51 19 (*D3) 'p°
3d°(*F1)4p 3 315 326.2 % G 14 (*D3) 'F°
3d°(*F1)4p 2 815 866.1 32 *D° 18 (‘F) °F°
3d°(*G2)4p SHe 4 315 370.1 31 29 (*H) *H°
5 323 908.6 36 28
6 325 148.4 .45 37
3d°(*H)4p *He 5 215 990.5 30 3% (3G2) 3H°
6 217 897.3 39 35
4 323 926.3 44 36
3d°(*D3)4p 4 216 068.8 20 Fe 18 (%F1) 3G°
3d°(*F1)4p 2 316 165.4 31 SF° 17 (%F1) *D°
3d°(%F1)4p 3 316 280.8 19 SFe 14 (’D3) 'F°
3d°(*H)4p 5Ge 5 216 726.6 a 4 (*G2) %G°
3d°(‘Fy4p pe 4 216 744.0 44 24 (‘F) °F°
3 317 232.0 39 17 ('F) 5F
0 217 462.8 88 7 (*D3) *p°
1 217 477.9 76 9 ('F) °F°
2 317 517.5 65 15 (*F) °F°
3d°(*H)4p 4 316 887.8 36 °Ge 12 (%F2) %G°
3d°(‘Fy4p 3 317 376.8 22 °D° 20 (*H) *G°
3d°(*D3)4p Ipe 1 319 0734 45 22 (°F1) °Dr
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Ni v—Continued

Configuration Term J Level (cm™) Leading percentages
3d°(*H)4p o 5 319 076.2 85 68 (*H)*H°
6 219 860.4 78 8 (°H) 'I°
7 390 783.1 95 2 (D
3d°(*G2)4p 4 319 138.7 25 'G° 18 (°F1) 'G°
3d°(‘F)dp i 3 819 620.2 38 22 (%62) G
5 319 652.7 65 15
4 319 899.1 51 15
3d°(*F1)4p D 2 219 926.5 51 20  (*D3) 'Dr
3d°(*G2)4p Spe 3 820 513.8 a1 18 (°F) %G°
2 321 018.8 57 1 (‘F) %
4 321 056.4 54 13 (%G2) 'G°
3d°(°F1)4p Ipe 3 321 081.9 52 17 (*G2) ’F°
3d°(*H)4p e 6 222 324.2 76 9 (*H)°*H°
3d°('F)4p p° 2 392 436.4 54 1 (°F2) °F°
3 399 617.6 50 10 (?F2) °F°
1 322 984.5 79 7 (D) ®*Dr
3d°(‘F)4p pe 4 3229 820.8 60 28 (°F2) °F°
3 228 532.2 60 17
2 323 853.1 53 20
3d°(%G2)4p 3Ge 5 294 980.2 25 21 (%F2) °G°
3 325 211.9 30 29
4 325 222.9 27 . 28
3d°(*F2)4p 4 395 558.6 32 lG° 13 (*G2)'G°
3d°(*F2)4p S 2 395 982.2 2 23 (‘F) *F°
3 326 029.9 48 18
4 326 876.3 44 14
3d°(*G2)4p He 5 396 337.1 53 2 (*H) 'H°
3d°(*G2)4p Ipe 3 396 739.0 58 6 (?G2)3G*
3d°(°F2)4p Ipe 2 327 123.7 60 24 (%F2) °F°
3d°(*H)4p g 5 397 856.6 63 29 (*G2) 'H°
3d°(%F2)4p De 1 229 462.8 55 a  (*8) *pr
2 399 776.3 70 12 (*F1) *pe
3 329 872.9 a7 12 (%F2) ’G°
3d°(*F2)4p iGe 3 329 614.3 27 33 (*H)%G°
4 330 297.6 41 31
5 330 718.1 58 31
3d°(*S)4p pe 0 329 618.5 83 13 (*D2) *p°
1 330 870.7 ’ 58 23 (°F2) *pr
2 331 678.2 74 16 (*D2) *pr
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Ni v—Continued

Configuration Term J Level (ecm™Y) Leading percentages
3d°(*H)4p G 4 392 995.6 39 31 (*F2YGe
3d°(%8)4p p 1 384 477.2 0 19 (*D2) 'p°
3d°(*F2)4p pe 3 334 727.6 88 4 (*F1) 'F°
3d°(*D2)4p g 2 842 894.6 67 21 (*D2) °D°

'3 243 281.0 50 27 (®D2) *D°
4 44 911.2 92 5 (*G2) °F°
3d°(*D2)4p *pe 1 248 478.2 89 2 (*D2)°p°
2 343 905.7 65 21 (*D2) %"
3 244 805.8 60 33 (*D2) °F°
3d°(*D2)4p e 3 245 936.1 72 12 (*G1) 'F°
3d°(*D2)4p Spe 2 246 912.4 72 16 (%8) °pr
0 246 920.2 85 14
1 246 959.5 76 15
3d%(*D2)4p pe 1 348 477.9 72 17 (%) pe
3d°(*D2)4p pe 2 349 546.0 87 5 (F2) 'D°
3d°(*G1)4p *He 4 353 071.6 a7 st (%G1) P
5 353 548.7 76 15 (%G1 %G°
6 354 989.6 98 2 () %H°
3P(3GLY4p 3pe 4 353 847.1 50 w0 (*G1) *H°
3 853 944.1 55 3% (°G1) °G°
2 355 150.0 90 6 (*D1)°F°
3d°(*G1)4p 5Ge 3 355 398.0 59 36 (*Gl) *F°
4 355 765.2 80 s (3G1) °F°
5 256 036.3 78 18 (%G1 *H°
3d°(?G1)4p H 5 358 475.6 90 4+ (Gl *G°
3°(*G1)4p G 4 358 760.0 93 2 (*G1) °F°
3d°(“G1)4p e 3 960 059.7 78 10 (°D2) 'F°
3d°(*P)4p Spe 0 268 440.5 75 20 (?D1) *p°
1 368 749.7 73 21
2 369 649.1 72 23
3d°(%P)4p Do 2 274 803.7 57 21 (*P)'D°
1 374 828.1 90 5 (*D1) °D°
3 376 471.6 89 7 (D1} *D°
3d°(*P)4p Ip° 2 377 059.1 49 33 (*P) °D°
3d°(*P)4p g 1 378 555.0 90 7 (°P) p°
3d°(*P)4p pe 1 380 165.6 68 16 (°D1) 'P°
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Ni v—Continued

Configuration Term J Level (em™Y Leading percentages
3d°(3D1)4p Sp° 2 386 968.8 63 20 (*D3) 3F¢
3 387 333 4 60 19
4 388 698.9 72 22
3d°(*D1)4p ’pe 1 388 746.1 7 21 (*D3) °pr
2 388 571.8 60 18
3 390 478.2 60 18
3d°(*D1)4p e 2 290 675.1 4 18 (%P) 'D°
3d°(*D1)4p pe 2 392 413.5 43 21 (%) %pe
3d°(*D1)4p Ipe 3 392 957.1 69 21 (*D3) 'F°
3d°(%8)5p pe 3 428 533
2 423 782
1 428 935
3d°(58)4f SF° 2 489 419
1 489 420
3 439 423
4 439 427
5 439 434
3d°(°8)5f Spe 5 502 124
4 502 133
3 502 137
1 502 143
2 502 148
Ni v1 (°S;,5) Limit 613 500
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Ni vi

Z=28
V I isoelectronic sequence
Ground state: 15°25°2p°35*3p°3d° °S;,
Ionization energy = 870 000 cm™ (108 eV)

The resonance multiplet 3d° °S-3d*4p °P° was identified The ionization energy is from Lotz (1967).
by Kruger and Gilroy (1935). Extensive work on this
spectrum is in progress at the Zeeman Laboratorium. The References

3d°, 3d*4s, and ion d b ‘

» 3d'4s, and 3d'4p configurations were analysed by b0 Gilvey, H.T. (1935), Phys. Rev. 48, 720.
Raassen (1980), Yvho kindly supplied his results fo'r inclusion Lotz, W. (1967), J. Opt. Soc. Am. 57, 873.

here before publication. The percentage compositions of the Raassen, A. 1. J. (1980), Physica 100C, 404.

levels are also due to Raassen.

Niwvi
Configuration Term - o Level em™Y Leading percentages
3d° S % 0.0 100
3d5 ‘G 1y, 41 920.9 100
- % 42 003.6 99 1 F1
% 42 023.2 100
A 42 035.1 100
3d° ‘p % 45 884.2 90 9 ‘D
A 46 1044 92
A 46 324.8 9N
3d® ‘p /A 50 331.0 99
A 50 643.5 97 3 ‘P
% 50 771.6 90 9 ‘P
¥, 50 780.5 92 7 P
3d° 7 A 61 196.0 98 2 °H
A 61279.5 100
3d° D3 % 64 152.4 52 20 2Rl
A 65 173.5 7 22 D1
3d° Ry /A 67 085.1 93 3 F
3d° ‘F % 68 444.9 ! 39 °F1
VA 68 551.2 95 4 G2
A 68 801.7 94 4 1
A 69 173.5 92 6 “D3
3d° % 69 447.0 o F s1 %F1
34 ' ?H %, 72 908.8 74 2 G2
1, 78 756.6 98 2 I
3d° G2 JA 74 627.7 98 1 R
% 75 441.7 72 25 °H
3d° F2 % 79 391.4 98 1 F
(A 79 608.3 97 ~ 2
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Ni vi—Continued

Configuration Term Jd Level (cm™Y Leading percentages
3d° 5 Y, 86 532.1 100
3d° D2 A 96 461.2 100
' % 96 566.5 99 1 2

3d° Gl % 107 848.3 100
P 107 887.0 100

3d° p % 129 951.6 99 1 D1
A 180 025.9 100

3d° D1 s 140 922.2 i 23 D3
% 141 006.8 76 23

3d*(°D)4s D Y 295 882.7 100
% 296 198.1 100
%, 296 696.7 100
A 297 350.5 100
% 298 130.5 100

3d*(°D)4s ‘D Yy 307 843.9 99
% 308 323.8 100
s 309 054.9 100
pA 309 977.1 100

3d'(*P2)4s ip Yo 328 437.2 59 8 (°P1) P
% 330 001.6 60 38
A 332 344.8 61 38

3d'(*H)4s ‘H % 329 486.2 97 2 !¢ ‘G
% 329 754.2 96 3 (3G) G
w, 330 141.0 97 2 )G
A 330 580.5 100

3d'(°F2)4s ‘F A 332 031.8 78 22 (°F1) ‘F
% 332 051.6 74 20
/A 332 175.4 72 19
A 332 343.6 73 18

3d*(3G)4s G % 335 384.5 91 5 (°F2) F
/A 335 976.0 90 7 (°F2) 'F
s 336 344.9 73 18 CCH)*H
1, 336 430.4 78 v (°H)’H

3d'(*P2)4s p Y, 336 404.8 59 8 (°P1) %P
% 339 260.1 60 87

3d'(*H)4s ’H % 337 007.7 78 18 Q)G
1, 337 993.9 9 20

3d'(’F2)4s g A 339 482.4 76 20 (°F1) °F
P 339 335.8 70 17

3d*(°G)4s G A 343 052.0 90 6 (°F2) F
% 343 842.6 96 2 (°H)*H
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Ni vi—Continued

Configuration Term- J Leyel (cm™Y Leading percentages
3d'(®D)4s ‘D /A 343 999.6 99
VA 344 203.5 98
% 344 447.4 98
3d*(1G2)4s %G A 347 278.5 64 st ('Gl) %G
/A 347 445.2 62 30
3d*('1)4s g A 347 892.4 100
1, 347 963.9 99 1 (CH) *H
3d*(*D)4s D % 351 033.0 99
VA 351 304.0 98 1 ('D2) D
3d*(182)4s 5 Y, 351 096.2 78 20 (181) %8
3d4('D2)4s p % 358 716.6 7 20 ('D1)°D
%, 358 827.9 7 20
3d*('F)4s 2F % 366 289.8- 98 1 CFDF
P 366 299.8 98 1
3d'(°P1)4s p A 374 843.9 61 a8 (°p2) P
% 376 348.7 60 38
3d*(°F1)4s ‘F A 375 673.0 81 19 (°F2) °F
s 375 870.8 78 22
/A 375 927.1 79 20
%y 375 949.8 78 21
3d*(°D)4p bp Yo 380 756.7 99 1 D) D
% 381 163.8 9 )
s 381 832.8 99 1 (°D) P
A 382 758.9 98 1 (D) 'F°
A 388 960.2 98 1 (°D) F°
A 385 590.9 100
3d'(*F1)4s i /A 382 677.1 80 19 (°F2) °F
A 382 889.1 78 21
3d'(°D)4p bpe e 383 557.8 91 6 (°D) ‘P’
A 3838 739.8 94 4 (°D)yP°
/A 284 096.5 98 1 (°D) *D°
3d*(°D)4p ip° Yy 384 247.4 68 2 (°D) D°
% 386 157.3 55 33
7y 388 760.4 55 42
3d*(°D)4p pe %y 287 848.9 54 38 (°D) P
i 388 918.6 71 29 (°D) ‘P
- ¥, 289 214.0 64 35 (°D) ‘P
/A 389 248.4 94 4+ (°D) F°
s 389 883.2 88 10 (°D) F°
3d4('G1)4s G Y, 389 362.5 66 33 ('G2) %G
s 389 299.6 67 33
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Ni vi—Continued

Configuration Term J Level (em™Y Leading percentages
3d'(°D)4p g P 292 808.1 94 ' z (6)F
A 293 072.0 93 2 (’G) F°
A 393 468.2 91 4 (°D) D°
%% 394 061.0 85 1 (°D) D°
3di(°D)4p pe Y, 400 962.1 96 1 (D) Dr
A 401 280.9 96 1
% 401 720.9 9 1
A 402171.3 96 2
3d'CCH)dp ‘H o 411 669.4 74 20 (G 'HC
A 412 095.6 70 19
W, 412 751.1 72 17
A 413 631.6 7 13
3d'(°P2)4p ‘De Y 412 28.2 a1 2 (°P1) ‘D
¥, 4185581 47 31
A 415 144.5 38 2
3d*(°F2)4p iGe A 415 382.0 40 s (5G)G°
A 415 640.8 25 1 (6 G
%, 420 080.0 40 w0 (CH) ‘G
A 420 623.4 58 22 (H) ‘G
3d'(*H)4p i A 415 754.8 45 1 CH) %G°
o 4171641 63 1 (CH) G
A 418 553.6 90 8 (°H) 'H°
%, 419 533.5 99 1 (‘DK
3d*(*H)4p %, 416 422.3 LI 1 (F2) %G°
3d'(°P2)4p ipe A 416 459.0 35 20 (°P1) ‘P
% 418 491.4 45 25
A 420 308.9 50 28
3d*(°F2)4p ‘De iA 416 493.0 31 23 (°P2) ‘D"
A 422 369.4 42 15 CF1yDe
%, 422 437.2 37 12 C°F1) *D°
3d'CH)4p A 417 538.4 3¢ ‘G° 0 25 CHY
3d'(*H)4p : Ge Y, 417 7177 38 16 (°F2) %G°
A 418 368.8 32 18
3d(*F2)4p ¥, 418 213.4 i 21 (°F2) *Dr
3d'(*H)4p %, 419 890.5 30 G 26 (°F2) ‘G°
3d*(*F2)4p A 419 844.7 39 F° 14 CH G
3d'(*H)4p iGe yA 419 863.8 47 2 (F2)‘G°
3d*(*P2)4p Y, 418 961.5 23 ‘p° 18 (°P1) %8°
3d*(°F2)4p Fe A 420 553.2 63 11 (F1) °Fe
% 420 835.8 58 13 (3G) P
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Ni vi—Continued

Configuration Term J Level (cm™Y Leading percentages
3d(*P2)4p %, 490 722.0 2% P° 18 (P2) s
3d4(°F2)4p % 421 324.8 19 D 15 (°F2) ‘F°
3d'(*F2)4p P 421 607.2 24 F° 20 (°F2) D
3d'(°F2)4p % 421 894.0 15 Zp° 14 ‘D
3d'(°P2)4p JA 422 306.6 a ‘D 20 (o) F
3d'(*H)4p e 1y, 422 642.4 80 6 (D

1%, 422711.8 82 1 (%G ‘He
3d'(*G)4p A 422 897.8 22 0 16 (°F2) ‘D°
3d'(*H) 4p %, 493 065.5 36 ‘H° 20 (G) H
3d'(3G)dp ‘He yA 428 841.4 70 2 (°H) ‘H°

‘ A 424 537.0 54 18 (°H) H°

W, 425 567.6 39 39 (°H) *H°

A 496 451.9 75 14 (CH) ‘H°
3d*(*Gr4p P 423 645.8 18 F° 15 (°D) %F
3d*(*P2)4p Y, 423 646.8 29 P 18 (°F2) D°
3d'’G)ap A 423 710.5 2 F° 12 (°F2) ‘F°
3d*(*G)4p i VA 423 763.3 52 15 (°F2) iF°

%, 424 217.9 39 16 (°F2) ‘D°
3d*(*GH4p / ¥, 424 235.1 21 F° 20 (°P2)%p°
3d'(°F2)4p P 424 346.1 | 25 ‘D° 2 (°q) F
3d4(*G)4p w4y 3697 % ‘H° 30 (°H)
3d*(*P2)4p ’De A 425 708.1 39 2z (°P1) Dr
3d*(°F2)4p % 427 096.5 2 IFe 20 (°P2) Dr
3d'(’P2)4p A 497 342.2 21 pr 2% (°F2) e
3d'(°F2)4p pA 427 575.0 24 Ge 13 (°F1) G0
3d(*Gr4p 1, 427 7202.7 38 ZHC 21 (3G G°
3d*(*Gdp % 427 995.6 22 G 15 (CH) ‘G
3d'(°G)4p % 428 051.5 3 HC 15 CH) G
3d'(°F2)4p B A 498 221.4 46 2 ()
3d'(’G)4p G %y 428 496.5 50 29 CH) G

A 428 866.5 45 20  (CH) ‘G

Yo 429 486.3 36 15 (G) He

1, 430 083.8 43 2 (°G) H°
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Ni vi—Continued

Configuration Term J Level (cm™" Leading percentages.

3d*(*D)4p D Y, 430 898.8 78 9 (°D) *P°
Y 430971.9 69 12 (*D) ‘P°
yA 431 912.6 71 ¢ (°D)'F°
% 432 295.7 46 33 (D) P°

3d'(°D)4p ipe Yy 4391 019.9 56 2 (D) D
%, 483 462.5 74 s (°D) ‘D
Yy 434 281.6 88 7 (3p2) ‘p°

3d'(")4p e A 4382 616.6 66 a1 () Ke
W, 432 932.0 88 5 (CH) &

3d'(}G2)4p 2o % 432 800.1 46 21 (!Gl) F°
Yy 434 997.0 42 20

3d'(’Gh4p iGe % 438 871.2 53 20 (°H) ’G°
A 438 517.8 49 17

3d'(182)4p 2pe Y, 433 936.9 a1 3 (°D) P*
% 440 168.6 30 T

3d*(!G2)4p ’He % 434 167.3 a1 22 ('G1) PHC
1%, 485 011.5 53 20

3d'(°D)4p b O A 484 200.9 63 21 (°q) F°
%, 434 695.7 54 15
/A 485 116.2 65 19
A 435 4594 77 19

3d'C’D)4p 2pe A 434 995.8 54 2 ('S2) p°
Y, 440 689.3 47 27

3d'(‘D4p Ke A 485 1654 71 28 (D
A 436 550.3 9 1 CH T

3d4( G2 4p Ge Yy 437 919.7 45 29 (*G1)%G®
/A 4388 639.4 41 30

3d*('N4p e A 440 038.7 70 w  (°G)*H°
¥, 440 817.9 82 11

3d*(*D)4p Zpe A 441 216.1 85 1 o)
% 441 785.7 42 14 D) D

3d*(*D)4p % 441 401.2 30 D° 21 (°D) %F°

3d°C*D)4p Do %, 442 620.7 53 13 ('D2) »°

3d*('D2)4p e %, 444 259.2 40 2 (°D) *D°
% 444 784.2 24 %

3d*('D2)4p Zpe s 446 061.2 44 1 ('D2) *D°
A 446 863.8 47 31 ('F) %

3d'('F)4p 2o % 451 041.8 64 14 ('D2) F°
", 451 859.4 4 21

255
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Ni vi—Continued

'Conﬁguration Term J Level (em™Y Leading peréentages
3d'('D2)4p 2pe %y 4516229 - 65 13 ('D1) %p°
S Y, 451 643.0 72 14
3d'('F)4p G A 453 983.0 86 5 ('F) 7F°
%, 455 890.5 92 ¢ (G2) W
3d'(‘F)4p pe % 456 815.6 53 1 (°P1) *D°
% 4587722 49 1 (F1) P
3d'(’F1)4p e % 460 364.6 61 s (°P1) ‘D°
/A 460535.9 66 (’F2) ‘F~
% 460 604.0 57 s (°F2) *F°
A 461 118.3 83 10 (°F2) ‘F°
3d*(°P1)4p ipe % 461 437.8 30 1 (°p2) ‘P
% 463 301.5 45 22 ‘
3d'CCP1)4p % 461 622.6 2 D° 20 (°F1) ‘P
3d'CCr1)dp YA 462 548.1 32 ‘D° 20 CFD D
3d*(’P1)4p % 462 884.1 24 P 21 (°P1) ‘Dr
_ 3d*(°P1)4p Y, 462 903.6 31 P a2 P D
3d'(’F1)4p G A 464 097.8 44 23 (3F1) %P
‘ A 164 807.8 35 32 (°F1) %
% 466 065.2 70 2 (°F2) ‘G°
1, 468 754.3 76 2 (°F2)G°
3d'('F)4p %y 465 552.7 25 D° 19 (°P1) *D°
3d*('F)4p % 466 034.2 29 D° 21 (°P1) ID°
3d'(’F1)4p Zpe PA 466 1837 36 35 (°F1)‘G°
% 466 649.1 a 20
3d'(°P1)4p ‘s° % 471106.8 18 u  (°P2)'s°
3d*(*F1)4p ipe Y, 472 497.8 a 1 (Pl) *D°
A 408 2924 48 - 18 (°F2) ‘D°
¥, 478 656.4 43 1w (r2) D
A 478 727.6 51 20 (°F2) ‘D’
3d*C’Fl)4p G %, 472579.5 72 20 (°F2) %G°
A 4785319 73 22
3d'CPli4p 2pe A 472 833.0 61 21 (°P2) *P°
A 473 869.5 59 2
3d'(}G1)4p e % 476 339.1 38 u (Gl Ge
A 479 481.8 65 31 (}G2) *H°
3d*('G1)4p XGe A 476 935.6 52 32 (}G2) G
3d(*p2)4p £ge Y, 4271771 55 a  (°pP1) %8
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Ni vi—Continued

Configuration Term J Level cm™Y) - Leading percentages
3d'('G1)4p % 479 046.3 35 G 2 (G1) H°
3d'({G1)4p e P 480 189.8 54 18 (1G2) %Fe
A 480 724.2 57 19

3d'(’F1)4p pe A 483 043.4 a 18 (F2) e
¥, 483 480.9 15 21 (P D

3d4('D1)4p Zpe Y 498 773.0 75 15 ('D2) ?p°
Yy 500 275.2 75 16

3d'('D1)4p : 2pe %, 505 150.5 69 18 (‘D2) e
yA 507 300.4 73 19 :

344('D1)4p 2D Y, 5112174 72 % ('D2)2D°
% 512113.2 7 25

3d*(!S1)4p Zpe Y, 540 394.1 74 20 ('S2) %P°
% 543 115.6 74 20

Ni vi1 (°Dy) Limit 870 000
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Ni vii
Z=28
Ti 1 isoelectronic sequence
Ground state: 15°25°2p°35*3p%3d* °D,
* Ionization energy = 1 070 000 cm™ (133 eV)
The 3d*-3d°4p transition array of this spectrum between The ionization energy is from Lotz (1967).
205 and 231 A was observed and analysed by Phillips and
Kruger (1938). Henrichs (1975) has revised that work from References

new observations and isoelectronic comparisons. His results

. . . Henrichs, H. F. (1975), Astron. Astrophys. 44, 41.
are given here. The uncertainty of the level values is about oS (1975). Astron. Astrophys. 44, 41

o Phillips, L. W., and Kruger, P. G. (1938), Phys. Rev. 54, 839.
+S5em. ’ Lotz, W. (1967), J. Opt. Soc. Am. 57, 873.

Ni v

Configuration Term o Level
(em™Y

0

279
804
1520
2392

3d* D

e GO DD e D

34t ‘ 3pg 30 077
31 836

34 555

B ke O

34! SH 31672
32 286

32 811

o b

3d* SF2 2 34 247
34 317
4 34 576

(-]

3d* G 38 160
88 746

5 39 247

OO

3d*(‘F)4p pe 467 015
471 976

473 360

2B

3d°(*F)4p p 467 205
468 690
469175

469 844

e bt GO DD

470 056
471 096
471 250
472 067
472 907

3d*(*F)4p °F°

G = OO PO

3 (‘F)4p 3G° 476 258
‘ 477 261

478 534

T o 2
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Ni vii—Continued

Configuration Term J Level
: (em™Y

8 (‘F)p Spe 2 479 950
8 481 091

4 482 229

3d°('P)4p Spe 1 486 151
2 487 207

3 488 665

3 (°G)4p iGe 3 493 743
4 495 087

5 496 340

3d®(*H)4p iGe 5 511 464
4 511 698

3 511 991

Ni vt (*Fy0) Limit * 1070 000
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Ni viln
Z=28
Sc I isoelectronic sequence
Ground state: 15°25°2p°35*3p°3d” °F,,,
Ionization energy = 1 310 000 cm™ (162 eV)

Anderson and Mack (1941) observed and classified 132 The configurations 3d®, 3d%4s, and 3d24p have been
lines between 163 and 189 A in the 3d° —3d24p transition calculated by Kancerevicius, Ramonas, and Uspalis (1976),
array. The uncertainty in the level values is about 10 cm™, using Hartree-Fock methods.
which corresponds to an error of about 0.003 A in the The ionization energy is from Lotz (1967).
wavelengths.

The separation of the *F and *P terms in 3d° is confirmed References

by the calculations of Racah (1954). The doublet system has
been questioned by Bowen (1960), on the basis of Bowen, I. 5. (1960), Astrophys. J. 132, 1.
isoelectronic extrapolations, but the objection does not seem Kancerevicius, A., Ramonas, A., and Uspalis, K. (1976), Lietuvos Fizikos
to be well substantiated. Rinkinys 16, 49. .

Lotz, W. (1967), J. Opt. Soc. Am. 57, 873.

Racah, G. (1954), Bull. Res. Council Israel 3, 290.

Anderson, E. E., and Mack, J. E. (1941), Phys. Rev. 59, 717.

Ni v
Configuration Term J Level
(cm™)
3d° F Yo 0
% 1012
/A 2184
% 3721
3d° ‘p A 23 261
&, 23 710
% 24 669
3d® G A 26 977
A 28 068
3d* D2 A 34 689
% 35 120
3d® H A 36 754
1, 37 475
3d2(°F)4p G % 565 124
/A 566 964
%% 569 564
A 572 969
8d*(°F)4p “pe A 565 388
% 566 831
A 568 746
% 570 960
3d%(*Fdp pe A 569 667
A 571 845
3d2(°F)4p ‘pr ¥, 569 839
A 570 358
A 571517
P 578 327
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Ni vii—Continued
Configuration » Term J Level
em™)
3 (°F)4p Zpe A 570 546
/A 571 804
3d*(°F)4p G Yoo | 581337
% 588 241
3d°(°P)4p ige %, 587 305
3d%(°P)4p e Yy 590 764
%, 592175
/A 594 068
/A 596 908
3d%(°Py4p ipe A 596 770
%, 596 905
A 598 570
3d2('G)4p Ge YA 598 638
% 599 079
3d?(1G)4p 2ge % 613 417
RA 615 725
Ni 1x (°F) Limit | " 1310000
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C Z=28
Ca 1 isoelectronic sequence
Ground state: 15°25°2p°35%3p%34" °F,
Ionization energy = 1 560 000 em™ (193 eV)

Most of the analysis was given by Alexander, Feldman,
Fraenkel, and Hoory (1966). The levels are obtained from
the improved measurements and corrected classifications by
Even-Zohar and Fraenkel (1968). The uncertainty of the
level values is about 30 cm™. The singlet system, the °P,
of 3d%, and the 3D3 of 3d4f are based on an estimated value
for the 3d° 'D term by Alexander et al. The value of the
systematic shift is expected to be a few hundred cm™.

Fawcett, Ridgeley, and Ekberg (1980) classified the
transition array 3p°3d°-3p°3d°. Their wavelength accuracy is
given as £0.007 A.

Ni ix

The 3d° 'G term is based on a tentative identification of a
coronal line at 7144 A by Pryce (1964).
The ionization energy is from Lotz (1967).

References

Alexander, E., Feldman, U., Fraenkel, B. 8., and Hoory, 5. (1966), J. Opt.
Soc. Am. 56, 651.

Even-Zohar, M., and Fraenkel, B. 5. (1968), J. Opt. Soc. Am. 58, 1420.

Fawcett, B.C., Ridgeley, A., and Ekberg, 1.0. (1980), Phys. Scr. 21, 155.

Lotz, W. (1967), J. Opt. Soc. Am. 57, 873.

Pryce, M. H. L. (1964), Astrophys. J. 140, 1192,

Nix
Configuration Term J Level
{cm™})
3p°(1S)34d2 S 2 0
3 1880
4 4070
3p%(18)3d? D 2 21 900 +x
3p%('8)34% p 2 27 160-+x
3p°(18)3d? G 4 35 898+ x7
3p°(*P*)3d%(*H) 3G 3 601 300
4 604 000
5 608 530
3p°(2P*)3d*(°G) e 5 640 360+x
3p° (P3P ('F) e 2 661 050
3 664 080
4 667 080
3p°(2P°)3d* (*F) pe 1 709 210
3 711 510
2 711 520
3p°(*P*)3d%(*H) 1Ge 4 716 110+x
3p®(18)3d4f Spe 2 977 130
3 977 680
4 978 740
3p*(18)3d4f 3Ge 3 983 700
4 985 140
5 985 940
3p%(18)3d4f Ipe 2 984 630+x
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Ni 1ix—Continued

Configuration Term J Level
{em™Y
3p°(18)3d4f Ipe 3 986 960+x
3p°(1S)3d4f e 3 988 760+x
Ni X (*Dy/5) Limit 1 560 000
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Ni X

Z=28

K 1 isoelectronic sequence

Ground state: 15°25°2p°35°3p°3d *D,,

Ionization energy = 1 812 000 cm™ (224.6 V) |

Observations of Ni X were first reported by Alexander,
Feldman, and Fraenkel (1965), who reported the 3d-4f and
5f doublets. The series was extended to 7f by Even-Zohar
and Fraenkel (1968), who noted that the 6f and 7f terms
may be perturbed by the 3p°3ddd configuration. Their
measurements are given here. We find that the nf terms do
not follow a regular Rydberg series.

Gabriel, Fawceit, and Jordan (1966) identified the
3p°3d* °F)’D and (F)°F terms. The P term was added by
Goldsmith and Fraenkel (1970). With new observations,
Ramonas and Ryabtsev (1980) determined the ('G)°F and
{('DY°F terms and improved the level values. Their results are
given for the 3p°3d” levels and for the 3p°3d *D ground term
interval. They also obtained the 3p°4p term.

The analysis of the 3p°3dds configuration is by Hoory,
Goldsmith, Fraenkel, and Feldman (1970). These levels have
an uncertainty of about £50 em™.

The ionization energy is from Lotz (1967).

References

‘Alexander, E., Feldman, U., and Fraenkel, B. S. (1965), J. Opt. Soc. Am.

58, 650.

Even-Zohar, M., and Fraenkel, B. S. (1968), J. Opt. Soc. Am. 58, 1420.

Gabriel, A. H., Fawcett, B. C., and Jordan, C. (1966), Proc. Phys. Soc. 87,
825.

Goldsmith, S., and Fraenkel, B. S. (1970}, Astrophys. J. 161, 317.

Hoory, 5., Goldsmith, S., Fraenkel, B. S., and Feldman, U. {1970),
Astrophys. J. 160, 781.

Lotz, W. (1967), J. Opt. Soc. Am. 57, 873.

Ramonas, A. A., and Ryabtsev, A. N. (1980}, Opt. Spectrosc. 48, 631.

Nix

Configuration Term J Level
(cm™Y

3p°3d D A 0
A 3178

3p°(°P*)3d2(1G) 2 A 505 283
A 509 751

3p°(2P°)34%('D) Zpe /A 522 391
% 540 725

3p°(%P*)3d*(°F) e %, 625 091
A 634 588

3p5(*P°)3d*(°P) Zpe Yy 684 552
A 689 365

3p°(*P°)3d*C°F) e VA 692 890
A 693 404

3p°4p Zpe A 778 647
A 779 600

3p°4f Zpe VA 1098 360
/A 1098 440

3p°3d(*P° ) 4s Zpe A 1140510
A 1148420

3p° 3d (°F°)4s pe A 1154 390
% 1156 550
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Ni x—Continued

Configuration Term J Level
{em™Y
3p® 3d (*F°)4s 2 yA 1161930
| % 1169 300
3p° 3d(°D" )4s D /A 1184 390
A 1187 750
3p° 3d('F°)4s b /A 1198 260
3p°3d(*D°)4s ’p° A 1208 270

A 1206 410

3p® 5f 2pe VA 1849580
A 1349 690

3pt6f pe /A 1502720
A 1502810

3p°7f Zpe %, 1617 890
A 1618310

Ni xt (!8y) Limit 1812 000
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Ni xi

Z£=28

Ar-1 isoelectronic sequence

Ground state: 15°25°2p°353p° 'S,

2 589 000 cm™ (321.0 eV)

Ionization energy =

Swartz et al. (1976) identified the transition array
3p°3d-3p°4f in the region of 81 A-94 A. With their
classifications and the forbidden transitions within the 3p°3d
configuration identified in the solar corona by Svensson et al.
(1974) and by Sandlin and Tousey (1979), these
configurations were determined. The 'P° term is from the
laboratory observations of Even-Zohar and Fraenkel (1968).
The uncertainty in the 3p°3d level values varies from
+10 em™ to 100 cm™ while that of the 3p54f levels is
~100 em™.

The 3;2546 and 4d configurations are taken from
observations of resonance lines by Even-Zohar and Fraenkel

between 60 and 80 A, and the level values are uncertain by
about 300 cm™.
The ionization energy is from Lotz (1967).

References

Even-Zohar, M., and Fraenkel; B. 5. (1968), J. Opt. Sec. Am. 58, 1420.

Lotz, W. (1967), J. Opt. Soc. Am. 57, 873.

Sandlin, G. D., and Tousey, R. (1979), Astrophys. J. 227, L 107.

Svensson, L. A., Ekberg, J. O., and Edlén, B. (1974}, Solar Physics 34,
173.

Swartz, M., Kastner, S. 0., Goldsmith, L., and Neupert, W. (1976), J. Opt.
Soc. Am. 66, 240.

Ni x1
Configuration Term J Level
{em™)
3s” 3p® s 0 ' 0
3s%3p°3d : 3pe 0 469 310
1 472 950
2 480 770
3s%3p° 3d I 4 493 060
3 496 950
3s? 3p° 3d pe 3 527 220
1 534 810
2 539 070
3s*3p°3d D 2 530 050
3s%3p° 3d pe 3 543 040
3s%3p°3d pe 1 673 850
3s%3p° 4s pe 1 1269 940
- 3s%3p°ds pe 1 1292110
3s? 3p° 4d ¥pe 1 1571310
3s%3p°4d , pe 1 1594130
3s% 3p°(*PS,0)4f 21%1 1 1701 800
2 1704 300
35" 8p°(*P/0) 4f 21%] 5 1706 400
4 1708 600
3s* 3p°(°P5,)4f 2% 3 1708 300

4. Phys. Chem, Ref. Data, Vol. 10, Ne. 1, 1981
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Ni x1—Continued

Configuration Term | J Level
(em™Y

3% 3p° (3P50) 4f 217, 4 1716 400
3% 3p° (%P5 ) 4f 21%,1 3 1732 900
2 1739 400

3% 3p°(PP3,0)4f ("] 3 1736 000
4 1736 400

Ni xu (2P5,5) Limit 2 589 000

J. Phys. Chem. Ref. Data, Vol. 10, Ne. 1, 1981
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Ni xu

Z=28

Cl 1 isoelectronic sequence

Ground state: 15°25°2p°35°3p° *P5,,

Tonization energy = 2 840 000 em™ (352 eV)

Laboratory observations of the 3p°-3p*3d resonance array
by Goldsmith and Fraenkel (1970) give a value for the
ground term interval of 23 520220 em™ or 4250.5 A for
the forbidden transition. This value ‘is confirmed by the
cal¢ulated interval of 23 511 cm™ by Nussbaumer (1976).

The portion of the 3p*3d configuration below
600 000 cm™ is taken from the study of coronal spectra by
Edlén and Smitt (1978). Their level values are adjusted here

_ to the calculated energies of Nussbaumer (1976), from which
we adopted the value 454 000 for the (*P)’D,,, level. The
value of “4” may be #1000 cm™ or larger. The higher
3p43d terms are from Goldsmith and Fraenkel (1970); the
uncertainty is 20 cm™'. The designations of the parent
terms of 3p*3d are taken from the calculations of Bromage,

Cowan, and Fawcett (1977) for the isoelectronic spectrum
Fe x.

The 3p54\s, 3p54d, and 3p54«f terms are from the
observations of Fawcett, Cowan, and Hayes (1972) near
70 A and are uncertain by %500 cm™.

The ionization energy is from Lotz (1967).

References

Bromage, G. E., Cowan, R. D., and Fawcett, B. C. (1977), Physics Scripta
15, 177.

Edlén, B., and Smitt, R. (1978), Solar Physics 57, 329.

Fawcett, B. C., Cowan, R. D., and Hayes, R. W. (1972), J. Phys. B5, 2143.

Goldsmith, S., and Fraenkel, B. S. (1970}, Astrophys. J. 161, 317.

Lotz, W. (1967), J. Opt. Soc. Am. 57, 873.

Nussbaumer, H. (1976), Astron. Astrophys. 48, 93.

Ni xn
Configuration Term J Level
(cm™Y
3p5 2Po 3/2 0
Yy 23 520
3p*'(°P)3d ‘D YA 454 000 +x
3p4(*P)3d 0 , 485 570+%
/A 492 750 +x
3p'(°P)3d 2 %y 513 2904 x
3p*('D)3d G /A 526 960 +x
A 527 230+x
3p*('D)3d ’F kA 567 200+x
3p'('D)3d 5 Y, 622 840
3p*(°P)3d ’p A 648 620
Y 657 240
3p'(°P)3d D % 657 230
A 676 370
3p'(°P)ds ’p % 1 374 200
A 1 885 600
3p'('D)4s D s 1 401 000
% 1 401 600
3p'(°P)4d D A 1 666 100
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Ni xu—Continued

Configuration Term J Level
(em™)
3p*(°P)4f O % 1797 400+x
3p*CP)4f G A 1 808 000+x
% 1811 400+x
3p' (‘D) 4f *He A 1 848 400+x
Ni xi (°Py) Limit 2 840 000

J. Phys. Chem. Ref. Data, Vol. 10, Me. 1, 1981
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Ni xim

Z=28

S 1 isoelectronic sequence

Ground state: 15°25°2p°35*3p* °P,

Ionization energy = 3 080 000 em™' (384 eV)

Svensson (1971} calculated the levels of the ground
configuration with a stated accuracy of *+10-50 em™. From
these he made the following classifications of solar coronal
lines within this configuration: 3Pz—lD2 at 2126.7 A (in vac.)
and °P,-’P, at 5115.8 A (in air). New measurements of the
coronal spectrum: observed from Skylab by Sandlin,
Brueckner, and Tousey (1977) provide the more accurate
wavelength of 2126.170.02 A for 3P Dz, and a new line
at 1277.23+0.01 A for °P~'S,. A predmted value for °P, is
taken from Svensson’s calculation.

The 3.93p and 3323p33d levels are from laboratory
observatmns of Fawcett and Hayes (1972) between 155 and
305 A and are uncertain by about %50 em™.

The 3p°4d levels are from the observations of Fawcett,
Cowan, and Hayes (1972) at 56 A. The uncertainty is about
£500 cm™. They also observed levels in 3p°4f terms, but
they are not connected with this system.

The ionization energy is taken from Lotz (1967).
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Ni xm

Configuration Term J Level
(cm™Y

3s* 3p* p 2 0.0

1 19 541.8

0 20 000 +x

3s% 3p* n 2 47 032.9

352 3p* | 1§ 0 97 836.2
3s3p° pe 2 329 700
35 3p%(*D°)3d pe 2 609 200
352 3p% ("8 )3d D 3 634 000
2 644 660

1 649 840+x

35 3p°(*D°)3d pe 2 666 000
3s*3p%(*D")3d g 3 681 750
3s%3p*(*D°)3d Ipe 1 715 960
3s? 3p%(“S°)4d 3pr 3 1767 700
35 3p*(*D°)4d pe 2 1 820 400
3¢’ 3p*(*D°)4d pe 3 1 827 000
Ni x1v (483,5) Limit 3 080 000
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Ni xiv

Z=28

P 1 isoelectronic sequence

Ground state: 15°25°2p°35%3p° *S;,,

lonization energy = 3 470 000 cm™ (430 eV)

The levels of the 3523})3 configuration are determined from
identifications of solar coronal lines by Svensson (1971) and
Sandlin, Brueckner, and Tousey (1977). The values are from
wavelengths given in the latter paper reporting spectra
observed from Skylab and measured with an uncertainty of
+0.01 A. The calculated value for ®P,,, is from Svensson,
with an estimated uncertainty of %50 em™.

The 353‘1)4 and 3523}723(1 levels are from the observations of
Fawcett and Hayes (1972) between 160 and 320 A and are
uncertain by about =60 em™.

The 3p24d levels are from the observations of Fawcett,
Cowan, and Hayes (1972). The uncertainty is about
+500 cm™.

The ionization energy is taken from Lotz (1967).
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Ni xav
Configuration Term J Level
(cm™)
3s” 3p° ig° EA 0.0
3s* 3p° De A 45 767.8
% 58 569.0
3s” 3p° 2pe Y, 85126.7
% 96 630+x
3s3p* P % 315 930
% 330 830
3s3p* D A 396 000
353" 2p Y, 447 750
3s% 3p*(*P)3d ‘p A 583 530
Y, 589 310
Yy 594 810
3s% 3p*('D)3d D % 632 280
A 634 430
35*3p*('D)3d 2p Yy 648 320
% 660 T10+x
3s23p*('D)3d p /A 662 780
3s? 3p%(°P)3d D % 690 560 +x
% 691 930
3s° 3p 4d ’p % 1 628 400
3s?3p° 4d ’p % 1 653 100
Nixv (°Py) Limit 3 470 000

J. Phys. Chem. Ref. Data, Vol. 10, Ne. 1, 1981
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Ni xv

Z=28

Si 1 iscelectronic sequence

Ground state: 15°25°2p°35%3p" °P,

Ionization energy = 3 740 000 em™ (464 eV)

The levels of the 35°3p” configuration are determined from
measurements- of solar coronal lines and are uncertain by less
than 1 em™. The °P values are from Svemsson’s (1971)
compilation and the 'D value is from the measurement by
Sandlin, Brueckner, and Tousey (1977} of spectra observed
from Skylab.

The 3s3p® and 35°3p3d levels are from the analysis by
Fawcett and Hayes (1972) based on observations between
170 and 320 A; they are uncertain by about %60 cm™.

The 3p4s, 3pdd, and 3p4f levels are from the observations
of Fawcett, Cowan, and Hayes (1972) and of Kastner,

Swartz, Bhatia, and Lapides (1978). The uncertainty is about
£500 cm™.
The ionization energy is from Lotz (1967).
\
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Nixv

Configuration Term J Level
(cm™H

3s* 3p° p 0 0.0

1 14 917.5

2 27 376.5

3s%3p° 'D 2 62 852.1
3s3p® pe 2 395 710
3 240 850
3s3p° 35 1 478 010

3s3p° ‘P 1 509200
A

3s* 3p3d pe 2 555 830
1 565 930
3s%3p3d D 2 574 330
3s%3p3d D 1 582 760
3 585170
2 586 410
3s? 3p3d Ipe 3 638 460
3s? 3pds pe 2 1730 700
35 3p4d De 2 2 018 400
‘ 3 2 020 500
3s? 3pad Spe 3 2 042 500
3s% 3pdd Ipe 3 2058 000
36 3pAf g 4 | 2185600
Ni xvi (P},) Limit 3 740 000
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Ni xvi

Z=28
Al I isoelectronic sequence
Ground state: 15°25°2p°35”3p P},
lonization energy = 4 020 000 cm™ (499 eV)

The 3s5°3p, 353p°, and 35s°3d configurations are from the The ionization energy is from Lotz (1967).
line classifications near 200 A of Fawcett and Hayes (1972). :
They estimate the wavelength uncertainty to be #:0.03 A References

475 em™!). The 3s5°4d and 4f levels are from wavelengths
( 50 A) lassified by F f C dH 19g72 Fawcett, B. C,, Cowan, R. D., and Hayes, R. W. (1972}, J. Phys. B5, 2143.
near classified by Fawcett, Cowan, and Hayes (1972) /"B ¢ and Hayes, R. W. (1072), J. Phys. BS, 366.

and are uncertain by several hundred em™, Lotz, W. (1967), J. Opt. Soc. Am. 57, 873.
Ni xvi

Configuration Term J Level
{ecm™Y)

3s°3p 2p° Y 0
%, 27 810

3s3p* D % 351 020
3s3p* 5 Y, 417 480
3s3p® ’p Yo 448 230
A 457 920

3s%3d p % 539 870
A 543 170

3s%4d D A 2 119 400
%, 2121 100

3s24f 2 T, | 2298 500
% 2 228 600

Ni xvir ('Sy) | Limit | | 4020 000

J. Phys. Chem. Ref. Data, Vol. 10, Ne. 1, 1981
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Ni xvii

Z==28
Mg 1 isoelectronic sequence

Ground state: 15°25°2p°35° 'S,

Ionization energy = 4 607 8001000 em™ (571.30£0.12 eV)

Wavelength identifications were first made by Fawcett,
Gabriel, Irons, Peacock, and Saunders (1966) in the range of
42 A 10 52 A. The measurements were improved and
extended to 33 A by Feldman, Katz, Behring, and Cohen
{1971). Further work in this region and from 197 A to
285 A by Fawcett, Cowan, and Hayes (1972) completed the
presently known energy levels, with the addition of 3s3p 'P;
and 3s56/°F; by Fawcett and Hayes (1972). The
measurements by Feldman et al. served as the primary
source of wavelengths. The levels of 3s4f°F° are derived
from the measurements of Behring, Cohen, and Feldman
(1972).

The triplet.system has not been counected to the ground
state by observed lines. We calculated the position of
3s3p *P] relative to 3s3p 'P} by the method of successive
differences along the isoelectronic sequence. The value of
*“¢” is within 1000 em™.

The 3p3d-3p4f transition array has been observed at
55 A by Kastner, Swartz, Bhatia, and Lapides (1978) but it
is unconnected with the present configurations.

We derived the ionization energy from the three member
3snd °D series. The 6f term does not follow the nf series
gquantum defect trend.
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Ni xvni
Configuration Term J Level
{cm™Y
357 s 0 0
3s3p pe 0 267 720+x
1 276 000+ x
2 296 980 +x
3s3p pe 1 401 820
3p* p 0 631 200 +x
1 647 100+ x
2 672 800 +x
3p* D 2 638 800
3s3d D 1 774 500+x
2 776 300 +x
3 778 900 +x
3s3d D 2 864 500
3s4s s 1 2190 830+x
3sdp pe 1 2 833 450
3s4d D 1 2 497 350+x
: 2 2 498 460 +x
3 2 500 500+x
3sdd D 2 2 499 400

J. Phys. Chem. Ref. Data, Yol. 10, No. 1, 1981



ENERGY LEVELS OF NICKEL 275

Ni xvii—Continued

Configuration Term J Level
{em™)
Spds pe 2 2546 100+x
3sdf 0 2 2588 200+ x
3 2 588 400+x
4 2588 600+x
3sdf Ipe 3 2 601 200
3s5p pe 1 2 234 300
3s5d D 1 3275 330+«
2 3 275 400 +x
3 3276 100+x
3s5f Spe 4 3 316 000+x
3,2 | 3816100+«
3s6f Spe 4 8 793 5002+ x
Ni xvi (28;,,) Limit 4 706 800

J. Phys. Chem. Ref. Data, Vol. 10, No. 1, 1981
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Ni xviu

Z=28
Na 1 isoelectronic sequence
Ground state: 15°25°2p°35 7S, ,,

lonization energy = 4 895 900300 cm™ (607.02+0.04 eV)

From Edién’s (1978} study of the Nal isoelectronic
sequence, smoothed-out values for the 3p °P and 34 *D term
positions are adopted here. An uncertainty estimate of
+30 em™ s assigned to them, corresponding to the
maximum deviation of the calculated wavelengths from those
observed by Sandlin et al. (1976). We have rounded off the
level values to the nearest 10 cm™.

Except for the 3d-4f doublet measured by Edién (1936),
we obtained the nf terms from the 3d-nf measurements
reported by Feldman et al. (1971). They also found the 4s,
npln=4-6), and nd(n=4-8) terms. Their measurement
uncertainty of £0.01 A leads to an energy level uncertainty
of 21000 cm™.

The 4/-5g doublet was found by Kononov et al. (1977)
and confirmed by Edlén (1978) by using a polarization
formula.

Feldman and Cohen (1967) identified the 2p°3s-2p°3s®
transitions at 14 A.

Edién derived the value for the ionization energy from the
nf series.
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Ni xvin

Configuration Term J Level
{cm™)

20%(18)3s 5 Y, 0
2°('8)8p 2pe A 211 980
% 242 500

2p°(18)3d p A 765 640
A 770 300

20°('S)4s ] Y, 2 301 800
2p°(’S)4p 2pe Y, 2 426 100
P 2 438 100

2p°(18)4d p % 2 594 400
%, 2 596 500

20°('8)4f b O s 2 666 240
/A 2667 110

2p5('8)5p Zpe Y, 2 852 400
A 2 358 100

205 ('8)5d D ¥, 3 433 700
% 3 434 600

2p°(’S)5f Zpe A 3 469 100
A 2 469 400

2p°('8)5g G [ 3473 000
%% 3 478 300

4. Phys. Chem. Ref. Data, Vol. 10, No. 1, 1981 -
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N1 xvin—Continued

77

Configuration Term J Level
: {em™)
2p°(’8)6p 2pe A 2 839 400

- Y 3 848 200
2p°(’S)6d D A 3 885 700
%y 3 886 100

2p8(18)6f 2 % 2 905 800
/A 2 906 100

2p°(*8)7d D A 4 156 700
208 (18)7f e VA 4 169 000
PA 4 169 100

205('8)8d p %, 4 331 100
% 4 331 300

20°(’8)8f 2pe A 4 389 400
Ni x1x (*Sy) Limit 4 895 900
2p° 3s% pe A 6 959 000
A 7 092 000

J. Phys, Chem. Ref. Data, Vol. 10, No. 1, 1981
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Ni xix

Z=28
Ne 1 isoelecironic sequence

Ground state: 15°25°2p° 'S,

Ionization energy == 12 430 00020 000 em™ (1541:£2 eV)

Only resonance lines are classified by this system of
energy levels. The first line identifications were made by
Feldman, Cohen, and Swartz (1967), reported
transitions from the 2p°3s, 2p°3d and 252p°3p configuration.
To these were added terms of 2p°4d by Feldman and Cohen
(1967). These were augmented by the work of Swartz,
Kastner, Rothe, and Neupert (1971}, who observed lines
orginating from 2p°4s, 2p°5d, and 2p°6d.

By means of a very low pressure laboratory light source (a
tokamak), Klapisch, Bar Shalom, Sehwob, Fraenkel, Breton,
de Michelis, Finkenthal, and Mattoli (1978) observed the
magnetic dipole transition from 2p°3s °P; to the ground state.
Their wavelengths for the 2p°3s and 2p°3d lines (at ~13 A)
are used here. They are given to the thousandths place with
no uncertainty estimate.

We have assigned designations and given percentages to

who

2p°4s and 2p°nd (n=4.,5,6) levels were obtained by
comparison with isoelectronic ions.

Kastner, Behring, and Cohen (1975} identified transitions
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°(P5 )nd *[3/2] series for n=3 to 6 (the 3d member is
designated °D;).
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the 2p’3s and 2p°3d configurations based on our own swzf{z, M., Kastner, S., Rothe, E., and Neupert, W. (1971), J. Phys. B4,
calculations. Both JI and LS-leading percentages are listed 1747,
for the 2p®3s levels. The Ji-coupling designations for the
Ni x1x
Configuration Term J Level (cm™) Leading percentages
252 2p® 'S 0 0
25% 2p°(%P3,5)8s (%o, Y)® 2 7 104 000 100 or 100 °P°
1 7 125 000 98  or 53 'P°
25% 2p°(%P3,5)8s (Yo, ¥p)° 1 7 263 000 98  or 53 p°
252 2p° 3d Spe 1 7 818 000 91 9 *De
252 2p° 3d pe 1 7 906 000 67 23 1P
2% 2p° 3d p° 1 8 052 000 72 u D
252p° 3p 3pe 1 8 628 000
2s2p° 3p pe 1 8 672 000
25% 2p°(2P5,0) 4s (¥, Y)® 1 .9 600 000
2s% 2p° (%P3 5 ) ds Mo ¥)® 1 9 700 000
26% 2p°(%P3,5)4d 2%, 1 9 901 000
25% 2p°(2P3,0) 4d HEAk 1 10 030 000

J. Phys. Chem. Ref. Date, Yol. 10, No. 1, 1981
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Ni xix—Continued

279

Configuration Term J Level (cm™) Leading percentages
25 2p°(?P5,5) 5d SEAN 1 10 820 000 (
25% 2p° (%P3,5) 5d SEAN 1 10 940 000
25% 2p°(2P%,5) 6d HEAK 1 11 810 000
25% 2p°(%P2,5)6d 2[%,1° 1 11 450 000

rrrrrrrrrrrrr Ni xx (*P3/2) Limit 12 430 000

J. Phys. Chem. Ref. Data, Vel. 10, Ne. 1, 1981



280 C. CORLISS AND J. SUGAR

Ni xx

Z=28
F 1 isoelectronic sequence
Ground state: 15°25°2p° °P;,,
Ionization energy = 13 290 000 cm™ (1648 eV)

The 25°2p° and 2s52p° configurations were determined by The ionization energy was obtained from Lotz (1967).
Doschek, Feldman, Cowan, and Cohen (1974) by the
measurement of the ’P°~*S doublet near 90 A with a relative References

accuracy of #+0.01 A. The higher levels are from Boiko,

. Boiko, V. A., Pikuz, S. A., Safi , A. S., and Faenov, A. Y. (1978), Opt.
Pikuz, Safronova, and Faenov (1978), who measured 20 o o atronovd, & 2 nov P

Spectrosc. 44, 498.

lines of this ion at 12 A with an uncertainty of =0.003 A. Doschek, G. A. Feldman, U., Cowan, R. D., and Cohen, L. (1974),
Their classifications are based on Hartree-Fock calculations Astrophys. J. 188, 417.
of the level structure. ) Lotz, W. J. (1967), J. Opt. Soc. Am. 57, 873.
Ni xx
Configuration Term J ( Level
(em™%
282 2p5 2Po 3/2 0
Y 144 100
2s2p° 8 Y, 1 202 400
25% 2p*(°P)3s 2p A 7 545 000
Y, 7 677 000
25 2p* (°P)3s | p % | 7649000
2s22p*('D)3s D % 7736 000

%, 7 742 000

252 9p' (°P)3d ip Y, 8 232 000
A 8 249 000
%, 8 260 000

252 2p*(°P)3d p ¥, 8 323 000
A 8 358 000
252 2p* (°P)3d p % 8 359 000
252 2p*('D)3d 3 Y, 8 429 000
2s% 2p*('D)3d 2p % 8 450 000
% 8 494 000
2% 2p*(*D)3d p % 8 455 000
Y, 8 503 000
25° 2p*('S)3d D % 8 667 000 -
Ni xx1 (°P,) Limit 13 290 000

J. Phys. Chem. Ref. Data, Vol. 10, Neo. 1, 1981
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Ni xxi

Z=28
0 1 isoelectronic sequence
Ground state: 15°25°2p* °P,

Yonization energy = 14 160 000 em™ (1756 eV}

The 2522p4—252p5 transition array at 100 A was identified
by Doschek, Feldman, Cowan, and Cohen (1974). An
intersystem  tramsition, 25°2p* *P,~252p° 'P;, has been
observed by Kononov et al. (1976) at 69.62 A. This is
consistent with the solar flare line at 471.15 A identified by
Widing (1978) as the 25°2p*°P,~'D,) transition. The 2p°
level is obtained from its combination with 252p°, found by
Doschek, Feldman, Davis, and Cowan (1975).

The identification by Swartz, Kastner, Rothe, and Neupert
(1971) of the 25%2p°3s °S; level from three transitions to the
ground term is inconsistent with the ground term splitting.

The ionization energy is from Lotz (1967).
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Ni xx1
Configuration Term J Level
(em™Y
2s% 2p* °p 2 0
0 92 800
1 128 300
2% 2p* D 2 212 300
257 2p* s 0 406 800
2s2p° 3pe 2 1048 300
' 1 1126 000
0 1192 200
252p° Ipe 1 1436 400
2p° s 0 2 404 200
Ni xxu (‘S5,,) Limit 14 160 000

J. Phys. Chem. Ref. Data, Vel. 10, No. 1, 1981
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£=28
N 1 isoelectronic sequence
Ground state: 1322s22p3 45:,2

Ionization energy == 15 280 000 em™ (1894 eV)

€. CORLISS AND J. SUGAR

Ni xxn

The transition array 2s°2p°~252p* has been observed by

Doschek, Feldman, Cowan, and Cohen (1974)
and 118 A. Since no intersystem transitions

between 80
have been

observed, we obtained a value for 25°2p” °D,, by extending
the predicted values in the N 1 sequence, given by Fawcett

(1975), to nickel.

The ionization energy is from Lotz (1967).
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Ni xxu1
Configuration Term J Level
(em™Y
232 2p3 4so 3/2 0
2s% 2p° ’pe ¥, 129 600+x
A 181 500+x
2s2p* p A 848 100
% 943 000
2s2p* D A 1148 400 +x
% 1175 500 +x
2s2p* p A 1871 100+x
Ni xxm (°Py) Limit 15 280 000

4. Phys. Chem. Ref. Data, Vol. 10, Neo. 1, 1981
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Ni xxin

Z=28
C 1 isoelectronic sequence
Ground state: 15°25"2p” *P,

lonization energy = 16 220 000 cm™ (2011 eV)

No transition to the ground state of Ni XXl has been
identified. The excited levels are based on the value
predicted by Feldman, Doschek, Cowan, and Cohen (1975)

The ionization energy is from Lotz (1967).

References
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ng 225P2p Pz:; 3 ;rhey O.bstgirved the transition Feldman, U., Doschek, G. A., Cowan, R. D., and Cohen, L. {19753},
25°2p° "P,-2s2p" °S) at 91.83 A. Astrophys. J. 196, 613.
Lotz, W. (1967), J. Opt. Soc. Am. 57, 873,
Ni xxm
Configuration Term o Level
{em™ 9
2s% 2p° ip 0 0
1
2 162 800 +x
2s2p° 5ge 1 1252 000+x
Ni XX1v (%P3,5) Limit 16 220 000

J. Phys. Chem. Ref. Data, Vol. 10, Ne. 1, 1981
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Ni Xxiv
Z=28
B 1 isoelectronic sequence
Ground state: 1522322p P},
Ionization energy = 17 190 000 cm™' (2131 eV)
Fawcett and Cowan (1975} calculated the value of the References

‘ 25°2p *P;,, level. Doschek, Feldman, and Cohen (1975)

° P . Doschek, G. A., Feldman, U., and Cohen, 1. (1975), J. Opt. Soc. Am. 65,
observed the 25°2p °P;,,-252p" *P,,, transition at e eama, = @ en. 1. (1975) P

463.
102.0540.02 A Fawcett, B. C., and Cowan, R. D. (1975}, Mon. Not. R. Astron. Soc. 171, 1.
The ionization energy is from Lotz (1967). Lotz, W. (1967), J. Opt. Sec. Am. 57, 873.
Ni xx1v
Configuration Term J Level
{cm™Y
2s% 2p Zpe Yy 0
%, 164 000+x
2s52p° ’p A 1144 000 +x
Ni xxv (18,) Limit 17 196 000

4. Phys. Chem. Ref. Deata, Veol. 10, Ne. 1, 1981
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Ni xxv

Z=28
Be 1 isoelectronic sequence
Ground state: 15725° 'S,
Jonization energy = 18 510 000 cm™' (2295 eV)

Edlén (];979) has tentatively identified the The ionization energy is from Lotz (1967).
25° 'Sy-252p *P; resonance line of NiXXV in solar-flare
spectra on the basis of his study of the Be It isoelectronic References

sequence. Its wavelength at 239.03::0.03 A was from the Boiko. V. A Pikus. S. A. Saf UL and F A Y. (1977
observations by Dere (1978). The 25 'SO—252‘0]PT transition 0;);):5 BIO ;‘2(;23 + A Safronova, U. 1., and Faenov, A. Y. {1977), ).
at 117.81£0.08 A was obtained from the observations of Dere, K. P. (1;)78), Astrophy. 1. 221, 1062.

Kastner, Neupert, and Swartz (1974). The rest of the level Edién, B. (1979), Phys. Scr. 20, 129.

values are from the observations of laser-produced plasmas Fawcett, B. C,, Ridgeley, A., and Hughes, T. P. (1979), Mon. Not. R. Astr,
by Boiko, Pikuz, Safronova, and Faenov (1977) or by Soc. 188, 365. ,
Fawcett, Ridgeley,” and Hughes (1979) and have an Ka;tﬁn]er, S. 0., Neupert, W. M., and Swartz, M. (1974}, Astroph)ﬁs. 1. 191,
uncertainty of +3000 em™. Lotz, W. (1967), J. Opt. Soc. Am. 57, 873.
Ni xxv
Configuration Term J Level
(cm™Y
26> IS 0 0
252p 8pe 0 386 000
1 418 360
2 | 553000
2s2p pe 1 848 800
253s 3 1 10 451 000
2s3p Spe 1 10 689 000
2s3p lpe 1 10 707 000
2p3p D 1 10 750 000
: 2 11 153 000
3 | 11299000
2s3d D 1 10 802 000
2 10 804 000
3 10 816 000
2s3d ’ D 2 10 882 000
2p3p P 1 11 163 000
2p3p P 2 11 270 000
2p3p %3 1 11 811 000
2535 g 0 | 11479000
Nixxvi (%S;,) | Limit - 18510 000

J. Phys. Chem. Ref. Data, Vol. 10, No. 1, 1981
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i v

Z2==28
Li t isoelectronic sequence

Ground state: 15°2s %S, ,,

Ionization energy = 19 351 000==5000 cm™ (2399.2=0.6 eV)

The 25-2p resonance lines at 165 and 234 A have been
measured in the spectra of a solar flare by Sandlin,
Brueckner, Scherrer, and Tousey (1976} with an uncertainty
of +0.05A. Fawcett, Ridgeley, and Hughes (1979)
determined the 35, 3p, and 3d terms from observations at
9A of a laser-produced plasma. Their measurement
uncertainty is +0.01 A.

From measurements of spark spectra at ~1.6 z&,
Safronova and Sidelnikov (1977) determined the levels above
the ionization energy. No estimated uncertainty is given but
wavelengths to four decimal places are reported.

The ionization energy was calculated by Edlén (1979)
from a semi-empirical analysis of the Lil iscelectronic
sequence. He has also given predicted values for wavelengths
in this sequence.
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Ni xxvi
Conﬂgﬁration Term J Level
(em™?)
15 2s 5 Y, 0
1s? 2p pe 1/2 427 000
% 604 500
1s%3s S Yy 10 880 000
1s%3p 2pe Yo 10 983 000
% 11 036 000
1s*3d D A 11 077 000
A 11 092 000
Ni xxvir (18) Limit 19 351 000
1s(®8)2s2p(°P°) ‘pe Yo 62 193 000
% 62 228 000
1s(%8)2s2p('P°) Zpe Yy 62 516 000
: % 62 617 000
1s(*8)2p%(°P) p ¥y 62 697 000
A 62 783 000
1s(%8)2s2p(°P*) 2pe Y, 62 755 000
1s(*8)2p%(°P) p A 62 997 000
% 63 210 000
1s(*8)2p*('D) D % 63 008 000
A 63 085 000
1s(®38)2p*('S) 5 A 63 397 000

d. Phys. Chem. Ref. Data, Yol. 10, No. 1, 1981
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Ni Xxvil

£=28
He 1 isoelectronic sequence

Ground state: 1s° 'S,

lonization energy = 82 990 00010 000 em™ (10 289.54+1.2 eV)

The theoretical values calculated by Ermolaev and Jones
(1974) for the singlet and triplet S and P° terms of this two-
electron ion are expected to be as accurate as the observed
values, and we have quoted them up to n=>5. They have also
calculated the mixing coefficients for the 'P] and °P] states
which we give as percentage compositions. The uncertainty
of the ionization energy and level values is estimated to be of
the order of 10 000 cm™, due to the uncertainty of the
Lamb shift. For comparison, the 1s* 'Sy~1s2p 'P] transition
of this ion has been observed by Safronova and Sidelnikov

(1977) in a vacuum spark. They p]ace 1s2p 'P} at
62 925 000 cm™'. Theoretical values for levels above the
ionization energy are reported by Vainshtein and Safronova
(1976). The low terms are quoted here with bracketed

values.
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Ni xxvi
Configuration Term J Level (cm™) Leading percentages
1s* s 0 0
152s ES 1 [62 368 000]
152p 3pe 0 [62 625 000)
1 [62 644 000] 89 1n P
2 [62 806 0001
1s2s 15 0 [62 644 000]
1s2p Ipe 1 [62 962 000] 89 n pe
1s3s s 1 {73 909 000]
1s3p 5pe 0 [72 880 000)
1 [78 985 000] 88 12 P
2 [74 084 000}
1s3s s 0 [73 982 000]
1s3p lpe 1 [74 076 000] 88 12 %p°
1s4s s 1 [77 907 000]
1s4s 5 0 [77 936 000)]
1sdp pe 0 [77 936 0001 1
1 [77 938 000] a8 1z P
2 [77 959 000]
1s4p pe 1 [77 976 0001 88 12 pe
1s5s s 1 {79 746 000]
1s5s 'S 0 [79 761 000]

J. Phys. Chem. Ref. Data, Veol. 10, Ne

. 1, 1981
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Ni xxvi—Continued

Configuration Term J Level (em™Y) Leading percentages
1s5p 3pe 0 [79 762 000]
1 [79 763 000] 87 18 P
2 [79 773 000]
1s5p p 1 [79 782 000 87 13 %pe
Ni xxvin (28,,5) Limit 82 990 000
2s* 1S - 0 [127 153 000)
2s2p 5pe 0 [127 187 0007
1 [127 229 000)
2 [127 399 000]
2p* p 0 [127 479 000]
1 [127 595 000]
2 [127 654 000]
252p 1pe 1 [127 700 000]
2p° D 2 [127 866 000]
2p° s 0 [128 156 000]



Z=28
H 1 isoelectronic sequence

Ground state: 1s°S,,

Ni Xxvill

lonization energy = 86 908 200500 em™ (10 775.33£0.06 eV)

No observations of this spectrum are available. Theoretical
values calculated by Erikson for terms of this hydrogen-like ion

are given below through n=>5. The binding energy of the Is
electron is reported with an uncertainty of =500 em™'; the

Erikson, G. W. (1977), J. Phys. Chem. Ref. Data 6, 831.

ENERGY LEVELS OF NICKEL

Reference

Ni xxvin

Configuration Term J Level

o {ecm™Y

1s g 1/2 0
2p °p° Yy | [65 112 810]
Y, | (65343 770]
2s ‘s Y | [65 118 940]
3p 2pe 2 [77 247 110]
Y, | [77 315 600)
3s s % [77 248 950]
3d 2p % (77 815 480]
VA [77 337 860]
4p Zpe A [81 484 660]
Y | (81513590
4s 5 Y, [81 485 440]
4d D ¥, [81 513 480]
% [81 522 930]
4f Zpe % [81 522 910]
/ %, [81 527 620)
5p Zpe Y, [83 442 020]
A [82 456 780]
5s g A [83 442 420]
5d D %, [83 456 760]
% [83 461 600]
5F e % [83 461 590)
Yy | [83 464 000
5g G /A [88 463 990]
%, [83 465 4301

Limit 86 908 200

289

levels measured from the ground state taken as zero will also
have this uncertainty.

J. Phys. Chem. Ref. Data, Vol. 10, Ne. 1, 1981
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