
Journal of Physical and Chemical Reference Data 23, 179 (1994); https://doi.org/10.1063/1.555954 23, 179

© 1994 American Institute of Physics for the National Institute of Standards and Technology.

Spectral Data and Grotrian Diagrams for
Highly Ionized Manganese, Mn VII through
Mn XXV
Cite as: Journal of Physical and Chemical Reference Data 23, 179 (1994); https://
doi.org/10.1063/1.555954
Submitted: 21 January 1994 . Published Online: 15 October 2009

Toshizo Shirai, Toshiaki Nakagaki, Kiyohiko Okazaki, Jack Sugar, and Wolfgang L. Wiese

ARTICLES YOU MAY BE INTERESTED IN

Spectral Data and Grotrian Diagrams for Highly Ionized Chromium, Cr v through Cr XXIV
Journal of Physical and Chemical Reference Data 22, 1279 (1993); https://
doi.org/10.1063/1.555930

Spectral Data for Highly Ionized Krypton, Kr V through Kr XXXVI
Journal of Physical and Chemical Reference Data 24, 1577 (1995); https://
doi.org/10.1063/1.555968

Spectral Data and Grotrian Diagrams for Highly Ionized Iron, Fe VIII-XXVI
Journal of Physical and Chemical Reference Data 19, 127 (1990); https://
doi.org/10.1063/1.555871

http://oasc12039.247realmedia.com/RealMedia/ads/click_lx.ads/test.int.aip.org/adtest/L16/222900553/x01/AIP/HA_WhereisAIP_JPR_PDF_2019/HA_WhereisAIP_JPR_PDF_2019.jpg/4239516c6c4676687969774141667441?x
https://doi.org/10.1063/1.555954
https://doi.org/10.1063/1.555954
https://doi.org/10.1063/1.555954
https://aip.scitation.org/author/Shirai%2C+Toshizo
https://aip.scitation.org/author/Nakagaki%2C+Toshiaki
https://aip.scitation.org/author/Okazaki%2C+Kiyohiko
https://aip.scitation.org/author/Sugar%2C+Jack
https://aip.scitation.org/author/Wiese%2C+Wolfgang+L
https://doi.org/10.1063/1.555954
https://aip.scitation.org/action/showCitFormats?type=show&doi=10.1063/1.555954
https://aip.scitation.org/doi/10.1063/1.555930
https://doi.org/10.1063/1.555930
https://doi.org/10.1063/1.555930
https://aip.scitation.org/doi/10.1063/1.555968
https://doi.org/10.1063/1.555968
https://doi.org/10.1063/1.555968
https://aip.scitation.org/doi/10.1063/1.555871
https://doi.org/10.1063/1.555871
https://doi.org/10.1063/1.555871


Spectral Data and Grotrian Diagrams for Highly Ionized 
Manganese, Mn VII 'through Mn xxv 

Toshizo Shirai and Toshiaki Nakagaki 
Japan Atomic Energy Research Institute, Tolroi-mura, Ibaraki 319-11, Japan 

Kiyohiko Okazaki 
Institute of Physical and Chemical Research, Wako-shi, Saitama 351, Japan 

Jack Sugar and Wolfgang l. Wiese 
National Institute of Standards and Technology, Gaithersburg, MD 20899--0001 

Received January 21, 1994; revised manuscript received February 18, 1994 

Critically evaluated wavelengths, energy levels, ionization energies, line 
classifications, oscillator strengths, and atomic transition probabilities for Mn VII to 
Mn xxv are tabulated. A short review of the line identifications and wavelength 
measurements is given for each stage of ionization. Grotrian diagrams are also 
presented to provide graphical overviews. The literature has been surveyed to 
December 1991. 
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1. Introduction 

We have undertaken publication of a series of compila­
tions of spectra of highly ionized atoms of particular in­
terest to the fusion energy community. These selected 
elements occur as impurities in wall materials of fusion 
machines or are specifically injected into the hot plasmas 
for diagnostics. Much work on these spectra has 
appeared in recent years. We have critically compiled 
these data into single monographs for each element, 
including wavelengths, classifications, intensities, oscilla­
tor strengths, radiative transition probabilities, Grotrian 
diagrams, and a short review of the literature for each 
ion. Monographsl

-
7 ofTi, V, Fe, Co, Ni, Cu and Mo have 

been published (Cel' is in press). The present compilation 
contains data for Mn VII to Mn xxv. 

All relevant papers on wavelengths and energy levels 
published through December 1991 were collected and 
surveyed, and the best measurements, in our judgement, 
were included in the tables. We consulted the following 
comprehensive compilations: for wavelengths, the tables 
by Kelly9, for forbidden lines arising within ground con­
figurations of the type ns 2npk (n = 2 and 3, k = 1 to 5) the 
paper by Kaufman and SugarlO

, and a review article by 
Fawcett II. 

Sugar and Corlissl2 have published a comprehensive 
critical compilation of energy levels for the iron-group 
elements K to Ni in all stages of ionization. Their values 
are adopted for this compilation, except where 
superseded by more recent data. For the He and H 
sequences, only theoretical results are given since they 
are considered to be more accurate than the experimen­
tal values. The latter are cited in the brief review. 

For atomic transition probabilities, calculations based 
on various multi-configurational approximations, 
including relativistic multi-configuration Dirac-Fock 
calculations, have been carried out for allowed and 
forbidden transitions. Brief reviews of such theoretical 
data are given in the critical data compilation of allowed 
and forbidden lines by Martin et al. 13

, from which the 
oscillator strength (1) and transition probability (A) data 
are taken. 

In cases where no experimental wavelength data are 
available but for which [-values exist that are either 
calculated or derived from systematic trend studies, the 
quoted wavelengths (A) are calculated from the known 
energy levels using the Ritz combination principle. The 
wavelengths are then used to calculate A -values from the 
[-values. 

We tabulate A -values andg[-values in order to provide 
a measure of the strengths of the lines. When these data 
are not available, we list the rough line intensity estimates 
provided in the literature. A -values (or [-values) may be 
utilized to obtain line intensities from the general 
relation between the line intensity (I) and transition 
probability 
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where Nu is the population of the upper energy level. The 
level populations are source-dependent and are­
especially for low density plasmas-difficult to estimate. 
However, for small energy ranges, relative populations 
may follow Boltzmann distributions, or may even be 
estimated as constant, aside from the statistical weight 
factors gu = 2Ju + 1 (where J is the total angular 
momentum quantum number). Thus for two emission 
lines originating from closely spaced upper levels one 
may estimate 

For some spectra, both A -values and intensity estimates 
are available for many lines. If there is partial overlap, 
and if the intensity listings are more extensive, we present 
both A -value data and the intensity estimates in order to 
make possible rough order of magnitude estimates for A -
values of lines with known intensity data. However, we 
caution that intensity estimates from photographic plates 
are usually visual estimates of relative plate blackening. 
There is generally no correlation between intensity 
estimates by different authors, or by the same author for 
widely different wavelength ranges. 

We give wavelen,gths in air above 2000 A and in 
vacuum below 2000 A. It is customary, in nearly all of the 
papers quoted in this compilation, for the authors to give 
their measurement uncertainty as 10'. For the conversion 
of ionization energies from em-I to eV, we use the con­
version factor 8065.541O±O.0024 cm-l/eV given by 
Cohen and Taylorl4. 

In the following section we give brief comments on 
each ion, including the accuracy of the wavelength data. 

1.1. Acknowledgments 

The present research was organized and inspired by 
Dr. M. Ishii, chairman of the research committee on 
atomic and molecular data of the Japan Atomic Energy 
Research Institute, to whom the authors owe special 
thanks. This work was partially supported by the 
U.S. -Japan Fusion Cooperation Program and by the 
Office of Magnetic Fusion Energy of the U.S. 
Department of Energy (DOE). 

1.2. References for the Introduction 

IK. Mori, W.L. Wiese, T. Shirai, Y. Nakai, K. Ozawa, and T. Kato, 
Atomic Data and Nuclear Data Tables 34, 79 (1986). 

2T. Shirai, T. Nakagaki, J. Sugar, and W.L. Wiese, J. Phys. Chern. Ref. 
Data, 21, 273 (1992). 

3'f. Shirai, Y. Funatake, K. Mod, J. Sugar, W.L. Wiese, and Y. Nakai, 
J. Phys. Chern. Ref. Data 19, 127 (1990). 

4T. Shirai, A. Mengoni, Y. Nakai, J. Sugar, W.L. Wiese, K. Mori, and 
H. Sakai, J. Phys. Chern. Ref. Data 21, 23 (1992). 

ST. Shirai, K. Mori, 1. Sugar, W.L. Wiese, Y. Nakai, and K. Ozawa, 
Atomic Data and Nuclear Data Tables 37, 235 (1987). 

"T. Shirai, T. Nakagaki, Y. Nakai, J. Sugar, K. Ishii, and K. Mori. J. 
Phys. Chern. Ref. Data 20, 1 (1991). 

7T. Shirai, Y. Nakai, K. Ozawa, K. Ishii, J. Sugar, and K. Mori, J. Phys. 
Chern. Ref. Data 16, 327 (1987). 



SPECTRAL DATA AND GROTRIAN DIAGRAMS fOR HIGHLY IONIZED MANGANESE 181 

'7. Shirai, Y. Nakai, T. Nakagaki, J. Sugar, and W.L. Wiese, J. Phys. 
Chern. Ref. Data, 22, in press (1993). 
9R.L. Kelly, l. Phys. Chern. Ref. Data 16, Suppl. 1 (1987). 

IOV. Kaufman and l. Sugar, J. Phys. Chern. Ref. Data 15,321 (1986). 
lIRC. Fawcett, 1. Opt. Soc. Am. B I, 195 (1984). 
12J. Sugar and C. Corliss, J. Phys. Chern. Ref. Data 14, Suppl. 2 (1985). 
13G.A. Martin, l.R. Fuhr, and W.L. Wiese, l. Phys. Chern. Ref. Data 17, 
Suppl. 3 (1988). 
14E.R. Cohen and B.N. Taylor, Rev. Mod. Phys. 59, 1121 (1987). 

2. Brief Comments on Each Manganese Ion 

Mn VII (K sequence) 

Ionization energy 961440 ± 100 cm- 1 (119.204 ± 0.010 eV) 

Kruger and Weissbergl observed the 4p -ns (n =5,6), 
3d - 4p, and 3d - nf (n = 4 - 9) doublets in the range of 
111 - 468 A. Gabriel et al. 2 and Gabriel et al. 3 identified 
the 3p 63d -3p S3d 2 doublets in the range of 182-204 A. 
Feldman and FraenkeI4 observed 16 lines in the range of 
133 -144 A, which were subsequently ascribed to the 
3p63d -3ps3d4S' inner-shell transitions by Cowans. More 
extensive observations with vacuum spark discharges 
were carried out by Ramonas and Ryabtse~, whose 
results are quoted here. They identified 55 lines in the 
range of 114 - 255 A as transitions from the levels of 
3p53d2, 3p 64p, 3p S3d4S' , and 3p 6nf (n =4-8) 
configurations to the ground term, with uncertainties 
estimated to be ±O.003 A. The wavelength of the 3p 63d 
20512 - 3p SepO)3d 2cG) 2F,12 line is 252.985 A from the 
energy level difference, instead of 252.950 A given by the 
authors. 

A tentatively identified spin-forbidden 205/2 - CPO)4P312 
line at 143.87 A in Ref. 5 has been deleted, because it was 
not observed in the stronger spectra of Ramonas and 
Ryabtsev. Furthermore, the 4p 2~12,112 - ns 2S112 (n = 5,6) 
lines at 467.662 A, 462.363 A, 284.059 A, and 282.095 A 
in Ref. 1 have been omitted here, because the 4p 2po 
splitting is incompatible with that found by Ramonas and 
Ryabtsev. In addition, the wavelength of 112.260 A of the 
3d 205/2 - 9f 2F,/2 transition is apparently a misprint and 
should be 112.060 A. 

Mn VIII (Ar sequence) 

Ionization energy 1569 OOO±3000 cm- l (194.5 ±OA eV) 
The 3p 6 - 3p541 transitions were observed by Kruger et 

al. 7,8 for I =s at 124.053 A and 122.168 A, and by 
Alexander et al. 9 for I = d at 97.411 A and 96.332 A. Smitt 
and SvenssonlO measured the 3p 6 lSo-3ps3d lpy 
resonance line at 185.455 A, previously identified by 
Alexander et al. II and Gabriel et al. 2

,3, and added the 
ISo_3P'j', 30Y spin-forbidden lines at 266.181 A and 

236.218 A. They also identified 30 lines of the 
35 23ps3d - 3s 3p 63d array in the range of 323 - 668 A. Ob­
servations were made with vacuum sparks with an uncer­
tainty estimated to be ± 0.01 A. The wavelengths of 
403.497 A and 402.446 A for the 10~ - 30102 transitions 
are longer by 0.043 A and 0.017 A, respectively, than 
those calculated from level differences. For the blended 
lines at 415.348 A, 410.374 A, 340.234 A. and 266.181 A. 
the differences between the observed and calculated 
wavelengths are about 0.02 A. 

Wagner and Housel2 classified 12 lines of the 
3p53d -3p 54farray in the ran&e of 134-142 A. measured 
with an uncertainty of ± 0.02 A. We consider the blended 
3p~ _ 302 line at 135.48 A to be tentatively classified, al­
though it deviates by 0.09 A from the wavelength 
obtained from the energy level difference. 

Mn IX (CI sequence) 

Ionization energy 1789000±4000cm-1 (221.8±0.5eV) 

The 3s 23p 5 2prl2.312 - 35 3p 6 2SI/2 transitions were identi­
fied by Fawcett and Peacock13

• Smitt et al. 14 measured 
the values 395.473 ± 0.008 A and 376.778 ± 0.008 A in 
vacuum sparks. 

Gabriel et al. 2,3 identified the 3p s - 3p4(1 0)3d array. 
The wavelengths were remeasured by Fawcett and 
Gabriel 15, who identified six new lines in the range of 
184 - 204 A using a vacuum spark. The designation of 
parent term has been changed from 10 to 3p for the 
upper levels 3p 43d 2p and 20, as indicated by the calcu­
lated states of Fe x by Bromage et al. 16 

The 3p S 2po - 3p 44S' 2p doublet was first observed 
by Weissberg and Kruger11 in the range of 111-114 A. 
Edlen t8 reobserved the spectrum in the range of 
105 -114 A with a vacuum spark and identified 
the 2po_20, 2S lines and the 2pO_4p spin-forbidden 
transitions. 

Fawcett et al. 19 observed the 3p s - 3p44d transitions in 
the range of 87 - 91 A, from which the 2P'j'f2 - ep) 203/2 
and 2~f2 - eO) 2P1!2 lines at 91.0 A and 87.79 A are 
adopted here. This array was reobserved by Fawcett et 
al.20 with a reduced uncertainty of ±O.Ol A in theta­
pinch spectra. They also identified six 3p43d - 3p44f 
transitions in the range of 118 -124 A. 

Mn X (S sequence) 

Ionization energy 2003 OOO±4000 cm- I (248.3 ±O.5 eV) 

Fawcetfl.22 identified the 3s 23p4-3s3p s array in the 
range of 333 - 398 A. Improved measurements with a 
vacuum spark discharge were made by Smitt et al. 14 In ad­
dition to the lines observed by Fawcett, the ISo _1P'j' line 
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at 384.827 A and the 3P1 - 3pg line at 379.368 A were 
identified. Wavelengths are from Ref. 14 and have an 
uncertainty of ± 0.008 A. 

Gabriel et al. 3 and Fawcett and Gabriel ls identified the 
3p4 - 3p 33d array with a vacuum spark. They were 
extended by Fawcett22

, who observed a theta-pinch 
spectrum with an estimated uncertainty of ± 0.05 A in 
the range of 193-218 A.. He identified 13 lines. 

Eleven lines of 3p4 - 3p 34s transitions in the range of 
100 -105 A were identified by Edlen23 in vacuum spark 
observations. It should be noted that the faint 3s 23p4 
ISo - 3s 23P\2P")4s Ipy line is at 104.310 A, shorter by 
0.015 A than the wavelength calculated from the energy 
level difference. 

After the earlier work of Fawcett et al. 19
, Fawcett et 

al. 20 reobserved four lines of the 3p4- 3p 34d transitions at 
82 - 84 A, and identified nine new lines in the range of 
107 -109 A as the 3p33d - 3p 34f transitions. Most lines 
are doubly classified. Wavelengths of these transitions 
were measured in a theta-pinch plasma with an 
uncertainty of ± 0.01 A. 

Mn XI (P sequence) 

Ionization energy 2307 000 ± 5000 cm- I (286.0±0.6 eV) 

Sandlin et al. 24 and Feldman and Ooschek2S identified 
the magnetic-dipole transition 3p 3 4S~12 - 2P~12 in the solar 
corona. The wavelength of 1359.59 A is adopted from the 
latter article. Sandlin et ai. also identified the 4S~12 - 2PY12 
transition at 1450.49 A. 

Fawcett and Peacockl3 and FawceU21
,22 identified the 

3s 23p 3 - 3s 3p 4 transition array in the range of 
306 - 394 A. Smitt et al. 14 found 14 lines, including 6 new 
lines, for this array in a vacuum spark discharge. Their 
results, estimated to have an uncertainty of ± 0.008 A, 
are given. The blended line at 363.510 A deviates by 
0.07 A from the value calculated with the energy levels. 

Gabriel et al. 2,3, observed the 3p 3 20~12 - 3p 2CP)3d 
2Fm transition at 200.67 A. In their article, the parent 
term was designated as 10, instead of 3p as given by 
Fawcett22• Fawcett et al.26 identified the 3p 3 

4S0 _ 3pzCP)3d 4p resonance transitions in the range of 
207 - 210 A. With data from a theta-pinch plasma, 
FawcettZ2 classified more completely the 3p 3 - 3p

2
3d 

transitions in the range of 200 - 236 A. The estimated un­
certainty of his wavelengths is ± 0.05 A. 

The 3p 23d -3p24/ and 3p 3_3p24s transitions in the 
ranges of 98 - 99 A and 75 - 95 A were identif~ed by 
Fawcett et al.20 in a laser-produced plasma With an 
estimated uncertainty of ± 0.01 A. 

Mn XII (SI sequence) 

Ground state ls22s22p63s23p23po 

Ionization energy 2536 000±5000 em-I (314.4 ±0.6 eV) 

J. PhYI. Chem. Ref. Data, Vol. 23, No.2, 1994 

Jefferies et al.27 ascribed the line at 3685.5 ± 0.4 A (in 
air) measured by Jefferies28 in the solar corona to the 
magnetic-dipole transition 3s 23p2 3P2 -IDz• Sandlin et 
al.24 identified a coronal line at 1322.23 ± 0.04 A as the 
3P1 _ISo transition. The wavelength is from Sandlin and 
Tousef9. 

Fawcett (1970)21.22 analyzed the 3s 23p2 - 3s3p 3 transi­
tion array in the range of 259 - 553 A. Two additional 
3PZ,I - 5S~ spin-forbidden transitions at 552.84 ± 0.4 A and 
529.79±0.5 A were identified by Trabert et al. 30 in a 
beam-foil spectrum. 

Fawcett22 provided classifications of twelve 3p2 - 3p3d 
transitions in the range of 210 - 238 A observed in a 
theta-pinch plasma discharge. The estimated uncertainty 
of the wavelengths is ± 0.05 A. 

Fawcett et al. 31 identified the 3p3d-3p4/, 3p2-3p4s 
and 3p2-3p4d transitions in the ranges of -90 A, 
85-87 A and -71 A, respectively. Wavelengths, with an 
estimated uncertainty of ±O.015 A, were observed by 
them in a laser-produced plasma. Kastner et al. 32 

identified several lines of the 3p2 - 3p4d array. 

Mn XIII (AI sequence) 

Ionization energy 2771 000 ± 6000 cm- 1 (343.6±O.7 eV) 

Jefferies et al. 27 ascribed the line at 6536.3 ± 0.4 A (in 
air), measured by Jefferies28 in the solar corona, to the 
magnetic-dipole transition 3s 23p 2pya- 2~12' 

Trabert et al. 30 observed the 3s 23p 2P" - 3s 3p 2 4p spin­
forbidden transitions in beam-foil spectra, and estimated 
their uncertainties as ranging from 0.3 A to 0.5 A. They 
adopted the 3s3p2 4p fine structure splitting derived 
experimentally by Litzen and Redfors33

• 

Fawcett et al.26 and Fawcett and Peacockl3 identified 
the transitions from the 3s 23d 20 and 3s3p2 2p 
configurations to the ground 3s 23p 2p<' configuration. Sub­
sequently Fawcett21 ,22 identified the 3s 3p2 4p - 3p 3 4sO, 

3s 23p 2P<>_3s3p220,2S and 3s3p2 4ps12 -3s3p3d 4m12 
transitions. These early observations were revised and 
extended by Litzen and Redfors33 and Redfors and 
Litzen34 who observed laser-produced plasmas in the 
range of 205 - 425 A. They reported 44 transitions among 
levels of the 3s 23p, 3s3p2, 3s 23d, 3p 3, and 3s3p3d config­
urations. Wavelengths were measured with an estimated 
uncertainty of ± 0.02 A. We adopt their wavelengths and 
energy levels. The designation of the line at 290.114 A 
was changed from 3s 23d 20312 - 3s 3p e P")3d 20~12 to 35

2
3d 

20
3

12 _ 353p C p°)3d 2p~12 by them. These levels cross at this 
ion, as shown in their calculation. It should be noted that 
the 3s 23p 2P~12-3s3p2 2SI/2 and 20312 lines at 308.92 A and 
382.76 A in Ref. 22 have been omitted, because they are 
not observed by Redfors and Litzen. We give calculated 

values for these lines. 
The 3p 2pO_4d 20 doublet at -67 A was identified by 

Edlen35. Fawcett et al.2O identified the 3d 20 - 4/ 2po 
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doublet and the 3s3p3d 4P-3s3p4f 40 and 3s3p2 
4p _ 3s 3p 4s 4po quartets in the range of 79 - 87 A. 

Mn XIV (Mg sequence) 

Ionization energy 3250 000 ± 2000 em-I (403.0±O.2 eV) 

Classifications of the n = 3 - 3 transitions were made in 
a series of articles of Fawcett et al. 26

, Fawcett and 
Peacock13, Fawcett21 .22

, and Fawcett et al. 31 for the 
transitions among the levels of the 3s 2

, 3s3p, 3s3d, 3p2, 
and 3p3d configurations. Dere36 reported the 3s 2 

IS - 3s 3p I P" line from solar flare observations. Litzen 
and Redfors37 reobserved the spectrum in the range of 
212 - 582 A in a laser-produced plasma and identified 45 
lines, including 18 from the earlier works. Wavelengths 
were measured with an estimated uncertainty of 
± 0.02 A. Their results are adopted together with their 
energy levels. For the perturbed lines at 418.51 A and 
471.94 A and the blended line at 257.24 A, however, the 
differences between the observed wavelengths and those 
derived from energy level data are 0.03 - 0.04 A. 

The 3p 3d - 3d2 transitions were identified by Levashov 
and Churiloy8 and more completely by Redfors39 in the 
range of 235 - 327 A in a laser-produced plasma. Wave­
lengths of Redfors with an uncertainty of ± 0.02 A are 
adopted together with his energy level values for the 3d 2 

configuration. The 3D~-3F2 line at 277.11 ± 0.02 A is 
from Ref. 38. The designation of the lower term is given 
there as 3~, but is 3D? in the level scheme of Litzen and 
Redfors37

• We adopt the latter. 
Edlen3s first identified the 3s 3p - 3s 4s, 3s 3p - 3snd 

(n =4,5), and 3s3d -3s4f triplets in the range of 
57 - 80 A, together with the 3s 2 IS - 3s 4p I po resonance 
line at 59.325 A. Singlet terms were identified by Fawcett 
et al. 20 and Fawcett et al. 31, specifically the 3s 3d - 3s 4f 
transition at 84.09±O.01 A and the 3s3p -3s4d and 
3p2-3s4f transitions at 67.02±0.015 A and 
72.45 ± 0.015 A. Fawcett et al. 20 also provided 11 lines of 
the 3p 3d - 3p 4f array in the range of 78 - 84 A. 
Identifications of the 3s 3d - 3s 6f, 3p 2 - 3p 4s , 3s 3p - 3sns 
(n =5,6), 3s3p -3snd (n =5,6), 3p2-3p4d, 3s 2 -3snp 
(n =5,6). and 3s3p -3p4p transitions in the range of 
38 -76 A are taken from Fawcett et al. 4O 

Mn xv (Na sequence) 

Ionization energy 3509 820±300 em-I (435.166±0.030 eV) 

Fawcett el al.26 and Fawcett and Peacock13 identified 
the five lines of the 3s - 3p and 3p - 3d transitions in the 
ranges of 360 - 385 A and 261 - 282 A, respectively, in a 
laser-produced plasma. The 3s - 3p line was remeasured 
by Widing et al. 41 and Dere36. An isoelectronic 
comparison of the measured wavelengths with Dirac-

Fock calculations was made by Reader et al. 42 for Ar7+ to 
Xe4H

, including those for the 3d - 4f doublet, and least 
squares adjusted wavelengths were derived. The overall 
uncertainty estimate is ±O.OO7 A. We give these results, 
from which the energy levels for the 2p 63p, 2p 63d and 
2p 64f configurations were derived. 

Edlen43 identified the transitions 3s - 4p, 3p - 4s • 
3p - nd (n = 4,5), and 3d - nf (n = 4,5) in vacuum spark 
discharges, from which the 3p - 4s. 3p - 4d and 3s - 4p 
and3d-5flinesat -71 A, -61 A, -56A and 53Aare 
quoted. The uncertainty of their wavelengths was esti­
mated to be ±O.01 to ±O.02 A. The 3d -np (n =4,5) 
lines at - 87 A and - 55 A were identified by Fawcett et 
al.2O and Fawcett et al. 31

, respectively. 
Identifications along Rydberg series have been taken 

from Fawcett et al. 40 for the 3d - nf (n = 9 -11). 3p -7s, 
3p -nd (n =8-10) and 3s -np (n =9,10) transitions and 
from Cohen and Behring44 for the 3s - np (n = 5 - 8), 
3p -ns (n =5,6), 3p -00 (n =5 -8) and 3d -nf 
(n == 6 - 8) transitions. 

The 4f 2p - 5g 20 and 4d 2D - Sf 2p doublets at 
-178 A and -163 A were identified by Lawson and 
Peacocl(l5. Observations were made in a laser-produced 
plasma with an uncertainty estimated at ± 0.03 A. For 
the 4d - 5f doublet. however, there appear discrepancies 
ranging from 0.06-0.1 A between their results and those 
calculated from the energy level differences of Edltn. 
The measurements in Ref. 43 were adopted here to de­
termine the 4d and Sf levels. 

Mn XVI (Ne sequence) 

Ionization energy 9 152 000 ± 5000 em -1 (1134.7 ± 0.6 e V) 

Tyren46 identified the transitions from the 2s 22ps3s. 3d. 
4d and 2s2p63p levels to the ground level in the range of 
13.4 - 18.9 A with a vacuum spark discharge. Swartz et 
af. 47 added the identification of the 2£16 - 2p 54s. 5d, 6d 
transitions in the range of 11.8-14.1 A. 

Kastner48 identified a coronal line at 1452.68 A as the 
2p s3s eh,lh)'I- Ch,lh)8 transition, but it is omitted 
because it is inconsistent with the levels derived by Jupen 
et al. 49 

The 2p 53s _2p s3p and 2p 53p -2ps3d arrays in the 
ranges of 347 - 439 A and 288 - 302 A, respectively, 
were observed with a laser-produced plasma and 
classified by Jupen and Litzenso• The uncertainty of the 
wavelengths is estimated to be ±0.02 A. The 2psepYn)3s 
eh, lh)f-2p 5epYn)3p 2Ph]1 line at 377.414 A is question­
able, because it shows a deviation of 0.775 A from the 
wavelength 376.639 A derived from the energy levels. 

The 3p - 4d transitions were first identified by Kastner 
et al. 51 and also by Fawcett et al. S2, together with the 
3d - 4f transitions. More complete and improved 
measurements were carried out by Jupen et al. 49 with a 
laser-produced plasma. They found 40 lines, including of 
the 3p - 4s and 3s - 4p transitions, in the range of 
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51- 67 A, which are quoted here. The estimated 
wavelength uncertainties vary from ± 0.005 to ± 0.01 A. 
We have adopted the energy levels of Jupen et ai. for the 
2Y22ps31 and 2Y 22p541 configurations. Predicted values for 
several unobserved levels are given in Ref. 49. 

Mn XVII (F sequence) 

Ionization energy 9872 ooo± 20 000 cm- I (1224 ± 2.5 eV) 

The 2Y~s 2po - 2Y2p6 2S doublet was observed by 
Fawcett53, Doschek et al. 54 and Lawson and Peacock"s in 
laser-produced plasmas, and by the TFR groupSS in toka­
mak plasmas. Wavelength values of 109.35 A and 
100.00 A with estimated uncertainties of ± 0.03 A are 
taken from Ref. 45. 

Feldman et al. 56 reported extensive observations in 
laser-produced plasmas of the transitions 
2Y2p6 - 2Y2p53s, 2ps - 2p 43s and 2p5 - 2p 43d in the range 
of 15 -18 A with an estimated uncertainty of ± 0.01 A. 
We give their classifications of these lines. 

Mn XVIII (0 sequence) 

Ionization energy 10 620 000±20 000 cm- I (1317±3eV) 

The 2Y22p4 - 2Y2p5 array was observed by FawcettS3
, 

Doschek et al. S4 and Lawson and Peacock45 in laser­
produced plasmas, and by the TFR groupSS in tokamak 
plasmas. The measurements of Lawson and Peacock in 
the range of 84 -140 A are the most comprehensive and 
their wavelengths are adopted here. The uncertainty of 
the wavelengths is given as ± 0.03 A. They also found the 
2Y2ps IPr - 2p6 ISo transition at 122.29 A, identified first 
by Doschek et al. 57, and the 3Pr - ISO transition at 91.90 A. 

The 2p4_2p33s array at approximately 16 A was 
identified by Doschek et al. S8 Wavelengths with estimated 
uncertainties of ± 0.01 A were measured by them in 
laser-produced plasmas. The 3P1•O- 3S? transitions are not 
resolved in this array. We give a calculated value for 
3po - 3S? line. 

Swartz et al. 47 observed five lines at IsA in a low-induc­
tance vacuum spark which were tentatively identified by 
Fawcett and HayesS9 as the 2p4 - 2p 33d transitions. 

Mn XIX (N sequence) 

Ionization energy 11590ooo±20ooocm-1 (1437±3 eV) 

Observations of the 2s ~ 3 - 2Y 2p 4 array were made by 
Doschek et al,54 Feldman et al. 6O and Lawson and 
Peacock4S in laser-produced plasmas, and by the TFR 
group55 in tokamak plasmas. We adopt the wavelengths 

J. Phy •• Chem. Ref. Data, Vol. 23, No.2, 1994 

from the comprehensive measurements of Lawson and 
Peacock, who identified 20 lines in the range of 
85 -143 A, including the spin-forbidden transitions from 
the 2D312• 2S112 and 2P312 terms to the ground 4S~I2. The un­
certainty of the wavelengths is estimated to be ± 0.03 A. 

Lawson and Peaoock4s also identified nine lines in the 
range of 88 -148 A of the 2Y2p4 - 2ps array, including the 
2D - 2po doublet given in the earlier work of Doschek et 
al. 57 

Fawcett and HayesS9 tentatively identified the 2p3 
4S3f2 - 2p 2CP)3d 4P312.5f2 transitions with a blended line at 
14.098 A observed previously by Swartz et al. 47 in a low­
inductance vacuum spark. 

Mn XX (C sequence) 

Ionization energy 12410 000±20 000 cm- I (1539±3 eV) 

The 2Y 22p2_2Y2p3 array was observed by Feldman et 
al.6O in a laser-produced plasma, and by the TFR groupSS 
in a tokamak plasma. The tabulated wavelengths are 
taken from the more extensive observations with a laser­
produced plasma by Lawson and Peacock4S, who gave 
identifications for 37 lines due to the 2Y 22p2_2Y2p3 and 
2Y2p3_2p4 transitions in the range of 89-192A. The 
uncertainties of the wavelengths are estimated to be 
±0.03 A below 180 A and ±0.06 A above 180 A. 
Smoothed wavelengths along isoelectronic sequence are 
given by Edlen61

• They indicate that the 2Y 2p 3 sS~ - 2p 4 3P2 
transition at 90.76 A is incorrectly identified. Therefore, 
we have estimated the position of the sS~ level from the 
smoothed wavelengths of 2Y22p2 3P_2s2p3 sSe lines by 
Edlen. 

A line at 13.46 A, observed with a low-inductance 
vacuum spark by Swartz et al,47 was tentatively identified 
as the 2p2 ID2 -2p3d IA transition by Fawcett and 
Hayes.59 

Mn XXI (B sequence) 

Ionization energy 13260ooo±27ooocm-1 (1644±3eV) 

The 2s 22p - 2Y2p2 array was identified by Doschek et 
al. 62 in a laser-produced plasma and by the TFR groupSS 
in a tokamak plasma. Extensive measurements for both 
this array and the 2Y 2p 2 - 2p 3 array are from a laser­
produced plasma by Lawson and Peaoock4s, who classi­
fied 26 lines in the range of 108 - 259 A. Their results are 
adopted here. The uncertainties of the wavelengths are 
estimated to be ± 0.03 A below 180 A and ± 0.06 A 
above 180 A. The designation of the two levels 2Y2p2 2PI12 
and 2S 112 has been interchanged according to Edlen63 as 
confirmed by the calculated percentage composition in 
Sugar and Corliss.64 
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Mn XXII (Be sequence) 

Ionization energy 14420 000±29 OOOcm- 1 (1788±4eV) 

The 2s 2 ISO - 2s 2p 3Pf transition was observed in the so­
lar corona by Sandlin et al. 65 and Dere36

• The wavelength 
of Sandlin et al., 277.80±0.03 A, is given here. The 2s 2 

{So - 2s 2p 'Pf resonance transition was observed by the 
TFR group55 and Dave et al. 66 in tokamak plasmas and by 
Lawson and PeacocJ<45 in a laser-produced plasma. The 
wavelength of 141.10 ± 0.02 A measured by Dave et al. is 
quoted. Lawson and Peacock also identified 2s2p _2p2 
transitions, including the intercombination 3~-ID2 tran­
sition, in the range of 145 - 240 A. The uncertainties of 
the wavelengths are estimated to be ± 0.03 A below 
180 A and ± 0.06 A above 180 A. We give these results. 

Fawcett and Hayes59 tentatively identified the four 
lines at about 12 A observed by Swartz et al. 47 as the 
2s2p -2s3d and 2p2-2p3d transitions. More extensive 
work for the n = 2,3 transition arrays in the range of 
11.7 -13.2 A were made by Boiko et alY and Boiko et 
al. 68 in Jaser-produced plasmas. Some of the lines are 
given as unresolved or blended lines. The uncertainty of 
the wavelengths is estimated as ± 0.003 A. Differences of 
up to ± 0.03 A between the observed wavelengths and 
those calculated from the energy level differences occur. 
The designations of the two lines 2s2 ISo-2s3p 1.3py at 
11.997 A and 11.971 A have been interchanged, in accor­
dance with the calculations of Kim et al. 69 This places the 
2s3p 3po term below the Ipo term. 

Mn XXIII (li sequence) 

Ground state ls~ 2SI/2 

Ionization energy 15162000±35000cm-1 (1879.9±0.4eV) 

The 2s - 2p resonance transitions were identified by 
Widing and PurceWo, Sandlin et al. 65 and Dere36 from so­
lar coronal observations and remeasured by Lawson and 
Peacock45 with a laser-produced plasma. Kim et al.n have 
smoothed the energies of these transitions for Li-Iike ions 
with respect to calculated values. We use their predicted 
values. 

The observation of the n =2,3 doublets was made with 
a low-inductance vacuum spark by Goldsmith et al. 72 Im­
proved measurements in the extended range of 
7.7-12.5 A were carried out with a laser-produced 
plasma by Boiko et al. 68 who provided data for the 
2p -3s, 2p -00 (n =3 -5), and 2s -np (n =3 -5) transi­
tions. The uncertainties of the wavelengths are estimated 
to be ± 0.002 A below 10 A and ± 0.003 A above 10 A. 
Vainshtein and Safronova73 have calculated the energies 
of all the ls2nllevels for n ~ 5 (except for ls24f) as well 
as the levels of the doubly excited 1s2s2p and ls2p2 con­
figurations. They used the lIz expansion method with rel­
ativistic and QED corrections. All the wavelengths given 

here are derived from these energy levels. They differ by 
± 0.005A to ± 0.010 A from the measurements of Boiko 
et al. except for the Is 22p 2p~/2 - ls 24<} 205/2 transition 
which differs by 0.035 A. 

Mn XXIV (He sequence) 

Ground state ls2 ISO 

Ionization energy 65660000± 13 000 cm-l (8140.7±2.0eV) 

Calculated energy levels of the configurations lsnl with 
I == 5, p, and d have been taken from the work of 
Drake74

,7s for n =2,3. For the levels with n =4,5 
calculations of Vainshtein and Safronova76 have been 
tabulated after adjusting them by adding 1400 em-I in 
order to convert to the ground state binding energy 
obtained by Drake. This value is the arithmetic mean 
value of the difference between the levels given in the 
above references for 3s, 3p, and 3d. Wavelengths are 
calculated from the energy levels by the Ritz combination 
principle. Vainshtein and Safronova73 have calculated the 
energies of the 2s2, 2s2p, and 2p2 configurations. We use 
their calculated wavelengths for the transitions to the lsnl 
configurations. 

Mn xxv (H sequence) 

Ground state ls 2S1/2 

Ionization energy 69137400±300 cm- 1 (8572.01 ±O.04 eV) 

No observations of this spectrum have been reported. 
We have tabulated the wavelengths calculated from the 
theoretical energy levels of Johnson and Sofm for the 
n :::: 2 shell whose estimated uncertainty is ± 10 cm -I. 
Their energy differences are in close agreement with 
those of Mohr78

• The binding energies for the levels with 
n == 3 - 5 have been calculated by Erickson.79 We subtract 
these energies from the binding energy of the ground 
state obtained by Johnson and Soff to obtain predicted 
wavelengths. Our estimate of the error in the value of 35 
is ±30 em-I, assuming the Lamb shift scales as n -3. 

Transition probabilities and oscillator strengths were 
obtained by scaling the data tabulated for the hydrogen 
spectrum by Wiese et al. 80 The scaling was actually 
performed for the line strengths S, which for a hydrogen­
like ion of nuclear charge Z are reduced according to 
Sz = Z- 2SH , so that 

The f and A values were then obtained from the usual 
numerical conversion formulas, given for example in Ref. 
81. For these conversions the accurate wavelengths listed 
in the Mn xxv table were used, in which relativistic and 
QED effects in the energies were taken into account. 
Relativistic effects in the line strengths are only of the 
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order of 1 - 3% for Mn xxv, according to the work by 
Younger and Weiss82

, and have been neglected. 

3. Explanation of Tables 
of Spectroscopic Data 

Mn vn, Mn xx, etc. 
According to spectroscopic convention, Mn I 
indicates the first spectrum, i.e., the spectrum of 
the neutral atom; Mn II denotes the second 

Int 

spectrum, belonging to the singly ionized atom; gf 
and so on. 

H sequence, C sequence, etc. 

IP 

C,T,P 

Indicates that the respective Mn ion has the 
same number of electrons as neutral hydrogen, 
neutral carbon, etc. 

Principal ionization energy of the tabulated ion 
in cm- I (eV). 

Wavelength of listed spectral lines in Angstrom 
units (10-8 cm). 

Superscripts to the right of a wavelength value 
have the following meanings: 

C wavelength calculated from energy level data 
using the Ritz combination principle. 

T wavelength tentatively classified. 
P wavelength predicted along an isoelectronic 

sequence. 

Classification 

A 

Acc 

the level value indicates level was derived from a 
tentatively classified line. Theoretical levels are 
given in square brackets. 

Approximate relative intensity of a spectral line, 
generally visually estimated from the blackness 
(or density) of the line on photographic plates. In 
case where its gf~value is available, the intensity 
is normally omitted (see also general 
introduction). 

This column lists the product of the statistical 
weight of lower level and the absorption 
oscillator strength or f~value for electric dipole 
transitions. 1.23 -1 means 1.23 x to-I. f~values 
are not given for magnetic-dipole (Ml) 
transitions. 

Radiative transition probability in s -1. 1.23 + 11 
means 1.23 x 1011. 

Accuracy estimate for the oscillator strength and 
transition probability data, taken from the NIST 
reference tables on atomic transition 
probabilities (see, e.g. the introduction of Ref. 13 
for detailed explanation). The accuracy is 
indicated by the following letter symbols, which 
are identical with the notation used in the NIST 
reference book: 

A for uncertainties within 3% 
B for uncertainties within 10% 
C for uncertainties within 25% 
D for uncertainties within 50% 
E for uncertainties greater than 50% 

Standard spectroscopic designation for lower 
(first) and upper levels generating the spectral 
lines; electronic configurations are followed by 
the term in LS -, jj - or jK -coupling notation. The 
superscript 0 on the term indicates odd parity. A 
term enclosed in parentheses refers to an 
intermediate state. Where only the total angular 
momentum J is given in successive listings, the 
preceding configuration and term labels apply. 

References 

Energy Levels 
Level values (in em-i) for lower (first) and upper 
(second) level of the transition. A symbol? after 
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Reference sources for the data. The numbers are 
keyed to the bibliographic listing following the 
tables. When several references are listed, they 
are distinguished by superscripts on the numbers 
as follows: 

o reference from which the adopted 
wavelength value is taken. 

,. reference containing the adopted oscillator 
strength and/or the transition probability. 

.,. reference from which the estimated 
intensity is taken. 



A cA) 

254.517 
253.654 
252.985 

252.760 
250.969 
250.127 

247.473 
245.739 
244.935 

244.766 
239.381 
238.617 

204.675 
204.117 
202.840 

184.538 
184.161 
183.708 

183.141 
182.945 
182.692 
182.499 

162.689 
162.656 
162.336 

142.615 
142.028 
141.757 

141.044 
140.323 
139.862 

139.595 
138.697 
138.441 

136.177 
135.900 
135.532 
135.394 

135.609 
135.475 
135.362 

135.148 
134.190 

134.972 
134.628 

133.875 
133.655 
133.636 
133.417 
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4. Spectroscopic Data for Mn VII through Mn xxv 

Mn VII (K sequence) 

Classification 

312 

Sill 

3p s(lP")3d zeG) 2F"5i'l 

5!2 

7/2 

3p S(lP")3d2e D) 2F'ffl 

5!2 

6/2 

6rl 

7f,! 

3p SeP")3d 2("p) 2~/2 
312 

312 

3p seP")3d 2efo') 2D~/2 

3i2 

5!2 

3i'l 

7f,! 

5!2 

3p fi3d(3p")4s 2~/2 

3i2 

3i2 

3p S3d e F")4s 4F'f/2 

5!2 

312 

3p S3d ("F")4s 2F'ff,! 

5!2 

5i'l 

3p 53dCDO)4s 4D~rl 

5/2 

312 

J12 

3p 53deD°)4s 2Dm 
5/2 

3p S3d eDO)4s 2D3/2 

5!2 

312 

5!2 

1338 
o 

1338 

o 
1338 

o 

o 
1338 

o 

1338 
1338 

o 

1338 
o 

1338 

o 
1338 

o 

1338 
1338 

o 
o 

1338 
1338 

o 

o 
1338 

o 

1 338 
o 
o 

1 338 
1 338 

o 

1338 
1338 

o 
o 

1338 
1338 

o 

o 
1338 

o 
1338 

1338 
1 338 

o 
o 

Int. gf 

394238 15 
394238 400 
396618 750 

395633 400 
399 795 1000 
399795 50 

404 085 
408273 
408273 

409 891 
419081 
419081 

489916 
489916 
494337 

541894 
544342 
544342 

547367 
547949 
547367 
547949 

250 6.8-2 
300 1.3-1 
100 1.4-2 

500 2.2-1 
25 1.1-2 

300 1.6-1 

50 2.2-1 
400 3.1 
600 4.5 

200 2.1 
300 3.8 
100 4.4-1 

500 8.4 
100 6.0-1 
200 6.0-1 
300 5.2 

616007 100 
616132 300 
616007 250 

701 189 
705425 
705425 

710337 
712642 
714990 

717696 
722331 
722331 

30 1.2-1 
50 2.0-1 
25 3.4-2 

20 
15 
1 

85 6.0-1 
3 3.1-2 

70 5.6-1 

735676 35 
737 173 15 
737833 8 
738585 3 

738765 10 
739482 120 
738765 100 

739930 
746550 

740894 
744 126 

748302 
749532 
748302 
749532 

75 
25 2.5-1 

15 
30 

5 6.6-2 
60 4.3-1 
352.7-] 
2 

3.8+9 
3.4+9 
3.8+8 

3.1+9 
2.2+8 
3.2+9 

5.9+9 
8.3+ 10 
9.1 + 10 

2.1 + 11 
1.9 + 11 
2.1+ 10 

2.7+ 11 
3.0+ JO 
2.0+10 
2.7+ II 

2.0+ 10 
1.7+ 10 
2.8+9 

2.6+10 
1.8+9 
3.3+ 10 

1.2+ 10 

5.9+9 
2.7+10 
2.5+10 

6 
6 
6 

References 

D- 6°,81" 
D- 6°,81" 
E 6·,81* 

D- 6°,81* 
E 6°,81" 
D- 6·,81" 

E 6°,81* 
D- 6",81",3 
D- 6°,81*,3 

D- 6°,81. 
D- 6°,81. 
E 6",81* 

D- 6°,81*,2,3 
E 6°,81",2,3 
E 6°,81*,2,3 
D- 6°,81.,2,3 

6°,1 
6°,1 
6°,1 

D 6°,81*,4,5 
D 6°,81*,4,5 
E 6·,81·,4,5 

6°,4,5 
6°,4,5 
6 

D 6°,81.,4,5 
E 6°,81.,4,5 
D 6°,81.,4,5 

6°,4,5 
6°,4,5 
6 
6 

6°,1 
6·,1 
6°,1 

6 
D 6·,81",4,5 

6 
6 

E 6°,81*,4,5 
D 6.,81°,4,5 
D 6·,81 ·,4,5 

6°,4,5 
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MnvlI (K sequence) - Continued 

A Classification Energy Levels (em-I) Int. of A (9- 1) Ace. References 

123.993 3p 63d 2D5i\l 3pew 2Fi;n 1338 807835 50 S·,l 
123.790 3i2 5i\l 0 807820 30 S·,1 

117.978 3p~ 2D6/2 3p67! 2Fi;n 1338 848954 16 6°,1 
117.793 3i2 5i\l 0 848947 10 6°,1 

114.380 3p ft3d 2D5i\l 3p88! 2Fi;12 1338 876620 2 6°,1 
114.205 3/'l 5i\l 0 875620 2 6·,1 

112.060 3p 63d 2D5i\l 3p 69! 2Fi;n 1338 893730 I 
111.889 3i2 5i\l 0 893730 0 

Mn VIII (Ar sequence) 

A (A) Classification Energy Levels (em-I) Int. Ace. References 

668.288 3s 23p 53d lP'l 3s3p 83d lD2 539214 688850 0 10 

415.348 3s 23p 53d JF1 3s3p 63d 3D2 427531 668308 4bl 10 
413.682 427531 669326 5 10 

411.473 3s 23p 63d 3D; 3s3p 63d 3D, 424641 667677 0 10 
410.374 424641 668308 6bl 10 
409.270 423337 667677 5 10 
408.685 424641 669326 5 10 
408.200 423337 668308 0 10 
400.076 419374 669326 8 10 

403.497 3s23p 53d ID~ 3s3p 63d aDl 419817 667677 2 10 
402.446 419817 668308 5 10 
400.781 419817 669326 3 LO 

382.666 3s23p 53d '}13 3s3p fi3d lD2 427531 688850 9 10 

378.482 3s23p 53d 3Dz 3s3p ft3d 'D2 424641 688850 5 10 

371.090 419374 688850 6 ]0 

371.695 3s23p 63d 'D~ 3s3p fi3d lD2 419817 688850 8 10 

371.586 3s23p 53d 3F3 3s3p ft3d 3DI 398564 667677 9 10 

370.722 398564 668308 5 10 

365.779 394921 668308 10 10 

364.427 394921 669326 5 LO 

360.373 391 836 669326 II LO 

347.602 3s23p 53d 3~ 3s3p ft3d 3DI 379993 667677 2 10 

346.842 379993 668308 8 10 

345.617 379993 669326 II 10 

342.501 375 710 667677 7 10 

341.770 375710 668308 10 10 

340.114 0 373658 667677 8 10 

344.493 3s 23p·3d 3F3 3s3p 63d ID2 398564 688850 3 10 

340.234 394921 688850 ObI 10 

323.782 3s23p 53d 3~ 3s3p 63d ID2 379993 688850 10 

266.181 3p 6 ISo 3p·3d 3P'l 0 375710 5bl 10 

236.218 3p 6 ISo 3p 53d 3m 0 423337 15 10 

185.455 3p a ISo 3p 53d l~ 0 539214 20 2.87 1.85+ 11 C 10',81',2, 
3,11 
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Mn VIII (Ar sequence) - Continued 

). (A) Classification Energy Levels (em-I) Int. g.f A (8- 1) Acc. References 

141.76 3p 53d 303 3p54f IG. 419374 I 124800 10 12 

141.29 3p63d 1F3 3p 64f 3F4 427531 1 135300 7 12 

140.73 3p 53d 30~ 3p64f 3Fa 424641 1 135200 5 12 

139.93 3p63d ID~ 3p54f IFa 419817 1 134500 5 12 

137.92 3p 53d 31'1 3p 54f 3G3 398564 1 123600 I) 12 
137.82 394921 I 120500 7 12 
137.50 391 836 1 119 100 10 12 

135048T 3p 53d 3p; 3p 54f 30z 379993 1117600 bl 12 
135.15 379993 1 119900 bl 12 
135.06 375710 1 1I6 100 3 12 
134.79 375710 1 II7 600 4 12 
134.69 0 373658 1 116 100 2 12 

124.055 3p 8 ISo 3p 5ep":\I2)4s 21%J~ 0 806100 10 104-1 2.0+ 10 D 8",81·,7 

122.168 3p 6 ISo 3p 6eP'lnJ4s 2[l/zl! 0 818500 15 2.7-1 4.0+ 10 0 8·,81·,7 

97.411 3p 6 'So 3p 6ep":\I2)4d 2[%n 0 1026600 7 9 

96.332 3p 6 ISo 3pseP"m)4d 2[%1~ 0 1038100 6 9 

Mn IX (el sequence) 

). (A) Classification Energy Levels (em -I) Int. g.f A (5- 1) Acc. References 

7968.5c 3s z3p 6 2p":\12 3s z3p 5 zP'l/2 0 12546 MI 3.55+1 B 81· 

395.473 3s23p 5 2P'lrJ 3s3p 6 281/2 12546 265408 8 6.8-2 1.5+9 c- 14·,81*,13,17,21 
376.778 :\12 1/2 0 265408 10 1.42 -1 3.33+9 c- 14·,81*,13,17,21 

204.43 3s z3p 5 2P'l/2 3s 23p 4eO)3d 28m 12546 501 no 4.94-1 3.95+10 c- 15",SI· 
199.32 3i2 1/2 0 501 710 1.3 1.1 + 11 c- 15·,81· 

196.38 3s z3p 5 zP'ln 3s z3p 4(lP)3d 2p:\12 12546 521840 15 
194.61 1/2 1/2 12546 526380 15 
191.60 :\12 :\12 0 521 840 15',2,3 
189.98 :\12 IfJ 0 526380 15 

189.16 3s23p 5 2P'ln 3s23p 4ep)3d 20:\12 12546 541 160 3.40 1.59+ II C 15·,81*,2,3 
188.48 :\12 512 0 530560 5.32 1.66+ 11 C 15",81*,2,3 
IS4.S0 3i2 :\12 0 541 160 1.2-1 6.1+9 D 15·,SI· 

123.85 3s23p4(1D)3d 2F7J2 3s 23p4(1D)4f 2GW:! 20 

121.633 3s23p 4ep)3d 4F712 3s 23p 4ep)4f 4G~/2 20 
121.351 9/2 11/2 20 
121.12 5f,I 7/2 20 

121.442 3s23p4eD)3d 2G9/2 3s 23p 4eD)4f2H!I12 20 

1IS.510 3s23p4ep)3d 40712 3s 23p4ep)4f 4~/2 20 

HU72 3s 23p 5 2P"3i2 3s23p4(-lP)4s ·P512 0 873580 0 IS 
113.627 3i2 :\12 0 880070 3 18 
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Mn IX (CI sequence) - Continued 

). CA) Classification Energy Levels (em - I) Int. gf A (8- 1) Ace. References 

114.023 3s 23p5 ~/2 3s z3p 4(3p)4s 2P:!{2 12546 889560 0 Iso,17 
113.080 1/2 lI2 12546 S96860 2 18·,17 
112.415 :!{2 :!{2 0 889560 5 18·,17 
111.500 :!{2 1/2 0 896860 2 Iso,17 

111.262 3s23p5 2p'Loz 3s23p4(IO)4s 20:!{2 12546 911 310 4 18 
109.783 at.! 5/2 0 910890 5 18 

105.256 3s 23p 5 2PO:!{2 3s23p 4ctS)4s 2S I/2 0 950060 0 18 

91.0 3s23p 5 2P'l/2 3s 23p 4(3P)4d 2DM! 12546 1 IIO 700 8 19 
90.134 at.! 5/2 0 I 109500 9 20.,194 

90.034 M! :!{2 0 I 110700 8 20.,194 

90.599 3s23p 5 2poll2 3s 23p 4(3p)4d 2p:!{2 12546 I 116300 20 

89.914 3s23p 5 2po:!{2 3s 23p
4ep}4d 4F5/2 0 I 112200 4 20.,194 

89.783 3s 23p 6 zPO:!{2 3523p 4ep)4d 2F5/2 0 I 113800 4 20.,194 

89.448 3s23p 5 2Plt.! 3s23p4(1D)4d 2S1t.! 12546 I 130700 20 
88.423 :!{2 lI2 0 I 130700 6 20.,194 

88.923 3s 23p 5 ~t.! 3s23p 4eO)4d zParl 12546 I 131000 4 20.,194 

88.773 It.! 1/2 12546 J 139000 4 20.,194 

87.958 :!{2 :!{2 0 I 137000 6 20.,194 

87.79 :!{2 1/2 0 1 139000 2 19 

88.258 3s 23p5 ~/2 3s 23p 4eD)4d 20M! 12546 I 145700 5 20·,lgA 
87.552 :!{2 5/2 0 I 142200 8 20.,194 

87.27 312 312 0 I 145700 3 20.,194 

Mnx (S sequence) 

A(A) Classification Energy Levels (em - I) Int. gj A (5- 1) Acc. References 

9978.3c 3s 23p4 3pz 3s 23p4 3PI 0 10019 MI 2.18+ J C+ 81* 

8474.4c 0 0 11797 E2 4.7-3 D- 81· 

4539.4c 3s23p4 3PO 35 23p4 IDz II 797 33820 E2 9.3-4 E 81· 

42oo.3c 10 019 33820 Ml 6.4 E 81· 

2956.0c 0 33820 MI 5.3+ I D- 81· 

2616.5c 35 23p4 102 3s 23p4 ISo 33820 73545 E2 7.2 D- 81* 

1514.2c 3s23p4 3PI 35 23p4 ISO 10019 73545 Ml 5.8+2 E 81* 

1359.~ 0 0 73546 E2 1.3 E 81* 

398.322 3s23p4 3PI 353p 6 3~ 10019 261072 14·,21,22 

388.988 II 797 268 874 14·,21,22 

386.316 10 019 268874 14°,21,22 

383.036 0 261072 1.7 -I 1.5+9 E 14·,81*,21,22 

273615 14* 
379.368 0 10019 

14·,21,22 
311.906 0 268874 

3s 23p4 ISo 3s3p 6 IPl 73545 333402 14· 
384.827 

3s23p4 ID2 353p· lPl 33820 333402 3.3-1 6.6+9 D 14',8)*,21,22 
333.798 

3s23p 3fD")3d 3Pl 33820 492320 22 
218.11 3s 23p4 ID2 22 
217.88 

33820 492770 
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Mnx (S sequence) - Continued 

). (A) Classification Energy Levels (em-I) Int. gJ A (8- 1) Ace. References 

207.15 3s23p4 3PI 3s23p3CZDj3d 3~ 10 019 492770 22·,15 
203.12 0 492320 22· 
202.93 0 492770 3.1 1.0+ 11 E 22',81*,15 

199.08 3sz3p· ID2 3s23p3CZDj3d ID~ 33 820 536 130 3.4 1.2+ 11 D 22·,81·,15 

198.42 3s 23p4 ISo 3s z3p 3CZDj3d lP'l 73545 577 530 2.4 1.4+ 11 D 22",81* 

195.85 3sz3p· 3Pl 3s 23p3(4Sj3d 3D~ 10 019 520620 22·,3 
195.03 11 797 524520 22·,3 
194.37 10019 524520 22 
194.30 0 514670 22',3 
192.08 0 520620 22 

193.43 3s23p4 IDz 3s23p3CZDj3d I~ 33820 550800 6.0 1.5+ II D 22·,81·,3 

108.97 3s 23p3CZPJ3d 3~ 3s 23p 3CZP"W 3G. 20 
108.93 20 

108.97 3sz3p 3CZDj3d aG~ 3s z3p aCZDoW aHa 20 
108.93 20 

107.472 3s z3p 3(4S0)3d DD~ 3s z3p 3(4S0Hf 5Fo 20 
107.39 20 
107.34 20 
107.34 20 

107.36 3sZ3p3CZDj3d 31-1 3s23p3CZDj'lf 3Go 20 

104.806 3s28p4 3PO 3s z3p 3(48·)4s 3S'; 11 797 965970 23 
104.608 10019 965970 23 
103.521 0 965970 23 

104.310 3s23p4 ISo 3s 23p 3CZP")4s 1P'l 73545 1032090 23 

103.269 3s 23p' ID2 3s z3p 3CZDj4s ID~ 33820 I 002 160 23 

102.030 3s 23p' 3Pa 3s23p3CZDj4s 3m II 797 991860 23 
101.854 10 019 991860 23 
101.808 10 019 992220 23 
100.787 0 992220 23 
100.585 0 994 180 23 

100.173 3s 23p4 ID2 3s 23p 3CZP")4s lP'l 33820 1032090 23 

84.292 3s23p4 3Pl 3sZ3p3(4S'4d 3D~ 10 019 1 196370 20",194 

83.518 2 3 0 I 197350 20.,194 

83.068 3sZ3p4 lD2 3sZ3p3CZDj4d ID~ 33820 1237650 20",19<1 

82.828 3s 23p' ID2 3s 23p 3CZD,4d I~ 33820 1 241 140 20",194 
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,92 

3809.5C 

3381.9C 

3240.6C 

2925.9C 

2538.3C 

2341.lC 

1450.49 
1359.59 

414.972C 
412.OO2C 
407.lSSC 

393.743 

382.142 
377.154 

367.877 
366.060 
363.510 
361.OO8c 

347.404 
341.929 
336.995 

327.288 
322.427 

313.777 
310.547 
306.458 

235.55 
228.52 

230.l7C 

228.42c 
225.40c 

226,42C 

226.31c 
224.0Sc 

216.60 
215.86 
213.75 

211.64C 

211.54 
210.16 
21O.06c 

209.57 
208.02 
207.02 

204.98 
204.29 
202.38 

202.39C 

SHIRAI ET At. 

Mn XI (P sequence) 

Classification 

3s23p 3 2DM! 3s23p 3 2P'la 
3/2 1/2 

5/2 3/2 

3/2 3i'l 

l/l 

3tl 

Ifl 

3tJ 

ttJ 

l/l 

5i2 

It.! 

3s23p 2eD)3d 2D3tJ 

5/2 

3/2 

3s 23p 2eD)3d 2P I/2 

:w 
3tJ 

3s 23pZ(lD)3d 2D3/l 

5/2 

3i'J 

6/l 

3s 23p 2ep)3d 4P6(l 

3i'J 

1/2 

3s 23p 2ep)3d 2D5/2 

3/l 

3i2 

Energy Levels (em-I) 

42702 
39384 
42702 
39384 

o 
o 

o 
o 

73 552 
73 552 
68945 

o 

o 
o 

42702 
42702 
39384 
39384 

73552 
68945 
68945 

73552 
68945 

42702 
39384 
39384 

42702 
39384 

42702 
39384 
39384 

73552 
73552 
68945 

68945 
73552 
68945 

42702 
42702 
39384 
39384 

o 
o 
o 

73552 
73 552 
68945 

42702 

68945 
68 945 
73552 
73552 

39384 
42702 

68945 
73552 

314 532 
315881 
314532 

253974 

261683 
265 144 

314 532 
315 SSI 
314532 
315881 

361 400 
361 400 
365689 

379093 
379093 

361400 
361400 
365689 

467240 
4769S0 

477 170 
477 170 
4S3040 

515210 
515430 
515210 

530620 
536 SOO 
536 SOO 

515210 
515430 
515210 
515430 

477 170 
4S0 720 
483040 

561 400 
563060 
563060 

536800 
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Int. gf 

E2 
Ml 
MI 
Ml 

Ml 
MI 

MI 
MI 

9.6-4 
7.2-2 
2.8-2 

1.9-1 

1.3-1 
6.8-2 

5.0-3 
3.0-1 
2.3-1 
3.4-3 

3.S-2 
1.2-2 
1.2-2 

6.8-3 
3.0- ! 
I.S-1 

1.4 
4.0-1 

2.5-1 
1.9 
1.4 
6.8-2 

3.0 
2.0 
I.l 

2.4-2 

2.7-1 D-
4.5+1 C 
4.8+1 C 
l.J +2 C 

2.4+ 1 
7.4-1 

1.0+2 
2.0+2 

9.2+6 
4.8+S 
2.S+S 

1.4+9 

1.5+9 
1.5+9 

6.2+7 
2.5+9 
3.0+9 
2.9+7 

D 
E 

D 
D 

E 
D 
D 

D 

D 
D 

E 
D 
D 
E 

S.0+8 E 
2.6+B E 
7.9+B E 

2.2+B E 
6.4+9 D 
5.9+9 D 

4.8+ 10 E 
1.5+ 10 E 

9.1 +9 D 
4.6+ 10 D 
5.5+ 10 D 
1.7+9 D 

7.7+ 10 D 
7.9+ 10 D 
S.3+ 10 0 

9.8+S E 

References 

SI* 
81· 
SI· 
SI* 

81* 
SI* 

24·,81· 
25°,81.,24 

14·,81*,13,21, 
22 

14°,SI0,21,22 
14°,81·,22 

14·,BI· 
14·,81*,21,22 
14",81*,21 
81* 

14 
14 
14 

14 
14 

14·,21,22 
14·,22 
14·,22 

22 
22 

81· 
Sl· 
Bl° 

22 
22°,8]· 
22·,81· 

81· 
22",81· 
22",SI· 
SI* 

22°,81*,26 
22°,81°,26 
22·,SI· 

22 
22 
22 

81· 
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Mn XI (P sequence) - Continued 

). CA) Classification Energy Levels (em-I) Int. gf A (5- 1) Ace. References 

201.04c 3/2 3/2 39384 536800 2.6-2 I.l +9 E 81* 

200.67 35 23p 3 2D&n 35 23p 2ep)3d 2F7/2 42702 541030 4.7 9.7+ 10 E 22°,81·,2,3 

194.01c 35 23p 3 4S3Jz 35 Z3p ZeD)3d 2D5f,l 0 515430 4.8-3 1.4+8 E 81· 

99.356 3523p2(lO)3d 2G9/2 3523p zeDHf zHh/2 20 
99.02 7/2 9/2 20 

99.02 3523p2(10)3d 2F712 35 23p2CP)4J 2G~/2 20 

98.064 35 z3p 2(3p)3d 4F./2 35 23p 2ep)4J 4G~I/2 20 
98.023 7/2 9/2 20 

95.390 35 23p 3 2p"3/2 35 23p 2eD)4s 2D3/2 73552 I 121880 20 

94.327 35 23p 3 2D&n 3s z3p 2ep)4s 2P3/2 42702 I 102840 20 

92.75 35 23p 3 2D&n 35 23p2eD)4s 2D5tl 42702 1 120870 20 

92.75 35 23p 3 4S3Jz 3523p Zep)4s 4PI/2 0 I 078200 20 
92.240 3/2 3/'l 0 I 084 130 20 
91.646 3/2 5f,l 0 1 091 160 20 

78.056 35 23p 3 2P'l/2 35 23p Zep)4d 2D3/2 68945 J 350080 20 

77.556 3s 23p 3 21'3/2 35 23p 2eD)4d 2Dwl 73552 I 362940 20 

77.402 3s 23p 3 2D!itl 35 23p2CP)4d 2FSfl 39384 1 331 340 20 
77.270 5f,l 7/2 42702 1 336860 20 

76.858 35 23p 3 21'3/2 35 23p ze D)4d zSlrl 73 552 I 374650 20 

76.763 35 23p 3 2D&n 35 23p2CP)4d 4D712 42702 I 345410 20 

76.380 3523p 3 2D3/2 35 z3p2ep)4d 2D5f,l 39384 I 348630 20 

75.879 35 23p 3 2Dg/2 35 23p 2eD)4d 2F7rl 42702 I 360590 20 
75.819 5f,l 512 42702 1 361 630 20 

75.477 35 23p 3 4sm 3s 23p Zep)4d ·Pr,,. 0 1 324910 20 
75.059 3/2 3/2 0 I 332280 20 

75.227 35 23p 3 4S3a 35 23p 2CP)4d 4Jo'5f,l 0 1 329310 20 

Mn XII (Si sequence) 

). Classification Energy Levels (em - I) Int. gf A (S-I) Acc. References 

6660c 35 23p2 3PO 35 23p2 3P2 0 15010 E2 2.8-3 0- 81· 

3685.5 3523p2 3P2 3523p2 ID2 15010 42140 MI 4.4+ I E 27°,81*,28 
2861 c 7200 42 140 MI 3.5+ I E 81· 

2696c 353p 3 3D~ 3s3p 3 3P'i 266610 303 690 E2 1.6 D- 81" 
2674c 266610 303990 MI 5.4+1 E 81· 
2554c 264550 303690 £2 3.2-1 E 81' 
2535c 264550 303990 Ml 4.3+1 E 81· 

2457c 3s 23p2 ID2 35 23p2 ISO 42 140 82830 £2 7.6 0- 81· 

1474c 3s 23p2 3PZ 35 23pz ISO 15010 82830 £2 2.4 E 81· 
1322.23 7200 82830 MI 6.2+2 £ 29°,81*,24 
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Mn XII (SI sequence) - Continued 

qA) Classification Energy Levels (em-I) Int. gf A (S-I) Ace. References 

552.84 3s 23pz 3PZ 3s3p 3 5S~ 15010 195900 30 
529.79 7200 195900 30 

485.58c 3s3p 3 3D~ 3s23p3d 303 266 610 472550 Ml 5.0+ 1 E 81· 

445.49c 3sZ3p2 IDa 3s3p3 3D3 42140 266 610 1.1-2 5.2+7 E 81· 

400.74c 3s23p2 3P2 3s3p 3 3D~ 15010 264550 7.5-3 6.3+7 D- 81· 
397.46 15010 266610 1.9-1 l.l +9 D 22·,81*,21 
388.58 7200 264550 1.4-1 1.2+9 D 22°,81. 
386.27 0 258890 22 

346.40c 3s 23p2 sPz 3s3p 3 3P'l 15010 303690 4.7-2 B.6+8 D- Bi· 
346.04 15010 303990 2.4-1 2.7+9 D 22',81· 
337.29 7200 303690 7.8-2 1.5+9 0 22·,81· 
336.94c 7200 303990 3.6-2 4.2+8 0 BI· 
329.28 0 303690 5.4-2 1.1 +9 D 22',81· 

342.67 3s 23p2 IDz 3s3p 3 ID~ 42140 333970 22 

275.78 3s 23p2 ID2 3s3p 3 IP'\ 42140 404750 22 

269.82 3s 23p2 sPz 3s3p 3 3S~ 15010 385630 22",21 
264.26 7200 385630 22 
259.33 0 0 385630 22 

237.78 3s23p2 ID2 3s 23p3d lD~ 42140 462700 22 

232.34c 3s23p2 IDa 3s23p3d 303 42140 472550 8.5-2 1.5+9 E 81· 

228.61 3s 23p2 3pZ 3s 23p3d 3~ 15010 452420 22 
224.62 7200 452420 22 

217.39 0 460000 22 

223.56 3s23p2 ISO 3s23p3d 1P'l 82830 530 140 1.2 5.2+ 10 0 22°,81. 

219.54 3s 23p2 sPI 3s 23p3d 'D~ 7200 462700 22 

218.70 3s23p2 spz 3s23p3d 3D~ 15010 472260 22 

218.56 15010 472550 3.0 6.1 + 10 D 22",81*,26 

216.12 7200 469900 22 

215.03 7200 472260 22 

212.81 0 0 469900 22 

210.43 3s 23p2 IDz 3s 23p3d I~ 42 140 517360 3.0 6.4+ 10 C 22°,81· ,26 

1 99.06c 3sZ3p2 3P2 3s 23p3d l~ 15010 517360 8.5-2 2.1 +9 E 81· 

90.701 3s 23p3d 3F3 3sz3p'if 3G4 
31°,20,40 

90.373 
31°,20,40 

86.71 3s 23pz 3PZ 3s 23p4s 3pY 15010 I 168300 31°,40 

85.72 15010 1 181 300 31°,40 
2 31°,40 

85.19 7200 1 181300 

3s z3pz IDz 3s 23p4d I~ 42140 1437000 32°,31,40 
71.69 

3s 23p2 3pz 3s z3p4d 3D3 15010 I 417 100 32°,31,40 
71.32 

7200 1 414900 32 
71.04 

0 1 414000 32 
70.72 0 

3s 23p4d 3~ 15010 I 425600 32 
70.89 3s23p2 3pz 
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7130.1' 

6536.3 

559.397C 

517.56 
501.20 
482.55 
479.27 

438.l45C 

434.091' 
425.038 

397.599C 

395.24Sc 

379.269c 

389.607C 

386.403c 

387.585 
385.827 
383.456c 

382.835C 

380.501 
361.659 

370.791C 

322.692C 

32 J.l 42c 

313.801 
311.287c 

309.857 

313.337 
312.802 
311.242c 

308.923 
294.985 

308.895 
301.525 
296.073 

293.581 
290.539 
289.277c 

293.268 
290.114 

289.774 
283.984 
277.469 
272.154 

274.559C 

266.597C 
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Mn XIII (AI sequence) 

Classification Energy Levels (em-I) 

3s3p2 4p/i12 20S 443 

It;! 

3s 3p CP")3d 2F'/i12 

512 

7fi. 

3s3pctP")3d 2F1t;! 

512 

512 

3s3peP")3d 2D3ti. 
512 

5t;! 

15295 
15295 
15295 

o 

367434 
367434 
360 396 

442217 
440721 
442217 

339000 
339000 

276504 
278106 
276504 

15295 
15295 

o 

276504 

442217 
440721 

442 217 
442217 
440721 

276504 
278 106 
276504 

15295 
o 

222463 
214550 
208443 

442217 
442217 
440721 

440721 
440721 

15295 
15295 

o 
o 

222463 

15295 

646198 

208443 
214550 
222463 
208443 

595669 
597797 
595669 

693727 
693727 
705882 

595669 
597797 

534512 
537290 
537290 

276504 
278 106 
276504 

546198 

752 110 
752 110 

760893 
763464 
763464 

595669 
597797 
597797 

339000 
339000 

546198 
546198 
546 198 

782835 
786410 
786410 

781 681 
785399 

360 396 
367434 
360 396 
367434 

642326 

653204 

Int. gJ 

E2 

Ml 

8.4-3 

3.7-2 
2.6-1 
1.6-1 

4.0-2 
1.9-1 
3.4-1 

9.4-3 
1.5-1 

3.6-1 
3.5-2 

7.6-3 
2.2-1 
1.5-1 

6.0-3 

1.8-2 
2.4-2 

2.7 
8.4-2 
2.0 

3.4-1 
5.3-1 
6.8-2 

4.8-2 
3.8-1 

8.4-1 
6.0-1 
3.0-1 

1.4 
3.2-2 

7.6-1 

4.8-1 
1.49 
3.2-1 
3.00-1 

4.6-2 

2.0-2 

References 

3.1-3 D- SI· 

3.21 + 1 c+ 27·,81*,28 

4.4+7 E 81* 

6.4+8 E 
2.3+9 D 
2.9+9 D 

2.8+8 E 
1.4+9 E 
2.0+9 E 

2.0+8 E 
1.7+9 D 

2.7+9 E 
2.6+8 E 

8.6+7 E 
1.7+9 D 
1.9+9 D 

7.2+7 E 

3.0+8 E 
4.0+8 E 

2.4+ 10 E 
1.0+9 E 
2.4+ 10 E 

1.2+10 D 
9.3+9 D 
1.2+9 D 

1.6+9 . D 
1.4+ 10 D 

1.5+ 10 D 
1.1+10 D 
5.9+9 D 

1.9+ 10 E 
4.4+8 E 

3.0+ 10 D 

30 
30 
30 
30 

81* 
81* 
34·,81* 

81· 
81· 

34 
34·,81* 
81* 

8.· 
34°,81*,21,22 
34·,81*,21,22 

81* 
81" 

34°,81· 
81· 
34°,81* 

34°,81" 
34°,81· 
81· 

81* 
34°,81*,22 

33°,81·,21,22 
33°,81* 
33·,81* 

34',81* 
34 

1.9+10 
3.08+ 10 
1.4+ 10 
6.8+9 

D 34·,81*,13,22 

6.8+8 

2.3+8 

c- 34·,81",13,21,22 
D 34°,81*,13,21,22 
c- 34°,81.,13,21,22 

E 81· 

E 81* 
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200.429C 

260.928C 

206.836C 

259.959C 

251':i.2SSC 

257.234 
206.497 

242.000 

241.402C 

239.255 
237.369 

240.604C 

239.680 
233.767 

238.675 
236.723 

238.173C 

233.767 
228.264 
227.445 
225.l26c 

231>'054 
234.235 
226.905 

232.158 
231.868 
229.355 
228.500 
227.704 

225.896C 

207.130 
206.033c 

205.350 

206.860C 

197.950c 

185.725c 

183.936e 

87.40 
87.30 

83.52 
83.41 
83.23 

79.16 

67.215 
66.574 

SHIRAI ETAL 

Mn XIII (AI sequence) - Continued 

Classification Int. 

It.! 

If.! 

3p 3 2P":Ji2 222 463 
:Ji2 214550 
:Ji2 208 443 

3s3p(3P")3d 2P":Ji2 367 434 
:Ji2 300 396 

278106 
276504 

3s3peP")3d 2P:l/2 367 434 
3!2 367434 
1/2 360 396 

3s3pCSP")3d .P"6i2 

6i2 

1/2 

3!2 

1/2 

3s3peP")3d 4D~/2 
6i2 

3!2 

1/2 

5/'~ 

278106 
276504 
278106 

367434 
360396 

222463 
214550 
214550 
214550 
208443 

15295 
15295 

o 

222463 
222463 
208443 
208443 
214550 

339000 

278106 
278 106 
276504 

222463 

276504 

222463 

208443 

442217 
440721 

222463 

15295 
o 

697797 
597797 
597797 

752110 
752 110 

666 857 
666372 

763464 

752 1I0 

781 681 
785399 
781 681 

693727 
693727 
705882 

786410 
782835 

642326 
642326 
652639 
654217 
652639 

440721 
442217 
440721 

653204 
653730 
644448 
646080 
653730 

781681 

760893 
763464 
763464 

705882 

781 681 

760893 

752 110 

1586400 
1586200 

1 485730 

1503060 
1 502090 
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gJ 

6.6-3 
1.3-2 
5.6-3 

4.0-1 
2.4-2 

1.2-2 

1.3 

1.6+8 
3.3+8 
1.IH8 

1.1 + 10 
6.2+8 

2.1 +8 

3.8+ 10 

References 

E 81· 
E 81" 
E 81* 

34 
34 

E 81* 

D 34°,81" 

1.42-1 8.5+9 c- 81" 
34 

l.l-I 6.7+9 D 34·,81· 

1.1-1 
6.4-1 
9.6-1 

2.9 

1.7-1 
1.1 
4.0-1 

8.2-3 

2.4-1 
1.8 
1.0 

2.48 
1.2 

6.0-1 
5.2-1 

2.6-1 

1.4 
5.5-2 
9.6-1 

1.5-2 

1.9-3 

9.6-3 

4.6-3 

2.2+9 
1.3+10 
1.6+ 10 

5.9+ 10 

3.4+9 
2.3+ 10 
2.8+ 10 

5.6+8 

7.4+9 
3.7+ 10 
3.3+10 

E 
E 
E 

E 

E 
E 
D 

E 

D 
D 
D 

81· 
34°,81" 
34°,81. 

34·,81" 
34 

81· 
34°,81. 
34·,81" 
34 
81· 

34·,81·,22 
34.,81°,22,26 
34',81°,22,26 

3.94+ 10 C- 34°,81 0 ,22 
2.5+ 10 D 34°,81" 

34 
3.9+ 10 D 34·,81" 
1.2+10 D 34.,81° 

1.8+ 10 

2.8+ 10 
1.5+9 
2.7+ 10 

3.0+8 

1.7+8 

2.5+8 

2.4+8 

D 

E 
E 
E 

E 

E 

E 

E 

81· 

34°,81" 
81· 
34·,81" 

81* 

81* 

81· 

81* 

20 
20 

20 
20 
20 

20 

35 
35 
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Mn XlV (Mg sequence) 

). Classification Energy Levels (em-I) Int. gf A (5- 1) Ace. References 

682.12 3s3d lDz 3p3d lD~ 7Il 986 883772 3 1.7-1 D- 37·,81* 

618.05 3s3p IPI 3p2 lOa 328042 621 074 6 2.9-1 1.4+9 E 37·,81·,21,31,40 

471.94 3s3p lPi 3p2 3P2 328042 639919 3 37 

430.61 3s3d 3D2 3p3d 3F':! 634185 866 411 1 1.1-1 D 37·,81· 
429.13 633381 866417 4 4.2-1 3.0+9 D- 37·,81·,21 
418.51 635446 874367 4 1.55-1 C 37·,81* 
416.35 634185 874367 5 7.0-1 3.8+9 c- 37·,81*,21 
402.96 635446 883609 7 1.15 5.3+9 C 37°,81*,21 

358.31 3s3d ID2 3p3d IF':! 711 986 991 071 7 2.2 0- 37·,81· 

354.29 3s3d 3Da 3p3d 3~ 635446 917698 5 37 
339.10 633381 928282 3 37 

352.73 3s3d 3D2 3p3d am 634 185 917685 5 37 
342.58 635446 927351 8 8.4-1 6.8+9 C- 37°,81*,21 
339.60 634 185 928654 6 37 

349.67 3s3p IPi 3p2 ISo 328042 614024 7 3.3-1 1.8+ 10 C 37°,81.,21 

349.44 3s3p 3~ 3p2 lOa 234905 521 074 6 1.4-1 1.6+9 E 37°,81· 
335.98 223438 521 074 5 7.2-2 8.6+8 E 37°,81. 

343.84 3s3d IDa 3p3d IPI 711986 1002823 4 6.0-1 0- 37°,81. 

343.43 383p 3~ 3p2 3p
j 234905 526089 7 3.5-] 6.7+9 C 37°,81.,13,22 

339.25 223438 518209 5 2.9- I 1.7+10 c- 37°,81*,13,22 
330.41 223438 526089 6 2.2-1 4.5+9 C 37°,81*,13,22 
327.85 234905 539919 8 9.0-1 1.1+10 D- 37°,81*,13,22 
325.22 218604 626089 7 3.0-1 6.3+9 C 37·,81 *,13,22 
315.98 223438 539919 6 2.9-1 3.9+9 D- 37°,81*,13,22 

327.288 3p3d IP'l 3d2 102 1002823 1308364 39 

311.639 3p3d 11'3 3dz IG. 991 071 1 311 955 5 39',38 

304.84 3s 2 'So 3s3p 1P'l 0 328042 10 8.63-1 2.06+10 C+ 37°,81*,13,22, 
26,36 

289.56 3p2 ID2 3p3d 31<1 521074 866 417 2 37 

285.492 3p3d 3P'l 3d2 3Fz 928282 I 278547 2 39 
276.131 917698 1 279838 3 39·,38 

284.752 3p3d 3D~ 3dz 3Fa 928654 I 279838 3 39·,38 
282.444 927351 1281415 5 39°,38 
277.11 917685 1 278547 3 38 

275.71 3p2 ID2 3p3d ID~ 521 074 883772 5 37 

264.71 3p2 3pz 3p3d 3~ 539919 917698 4 37 
255.36 526089 917698 5 37 
248.87 0 526089 927907 3 37 
248.63 526089 928282 3 37 

260.45 3s3p 1P'l 3sad ID2 328042 711986 7 1.9 3.8+10 D- 37°,81*,21, 
31,40 

258.10 3p2 3PZ 3p3d 3D3 539919 927351 6 37 
257.24 539919 928654 7bl 37 
250.33 0 518209 917685 3 37 
248.4} 526089 928654 3 37 
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Mn XIV (Mg sequence) - Continued 

A Classification Energy Levels (em-I) Int. gf A (8- 1) Ace. References 

257.24 3p2 ISo 3p3d lJ>'1 614024 1002823 7bl 37 

251.361 3p3d 31'4 3d2 3F~ 883 609 1281415 Ii 39·,38 
246.633 874367 1279838 3 39°,38 
242.646 866 417 I 278547 39 

250.45 3.s3p 3~ 3.sM 3Dz 234905 634185 3 2.4-1 c- 37·,81· 
249.66 234905 635446 7 l.34 2.05+ 10 C- 37°,81*,26 
243.93 223438 633381 3 2.4-1 9.1 +9 c- 37°,81*,26 
243.46 2 223438 634 185 6 7.2-1 1.6+10 c- 37°,81*,26 
241.10 0 218604 633381 6 3.3-1 1.3+10 c- 37·,81·,26 

246.14 3p2 lD2 3p3d 3D3 521 074 927351 3 37 

235.520 3p3d lD~ 3dz lD2 883772 1308364 4 39 

221.65 3p2 3PZ 3p3d 'F3 539919 991071 2 37 

212.77 3p2 lD2 3p3d IF'& 521 074 991 071 4 37 

84.09 3.s3d IDz 3.s4f 1F3 711 986 1 901 300 20 

83.78 3p3d 1F3 3p4f IG4 991 071 2 184700 20 

81.05 3p3d 3D3 3p4f 3F. 927351 2 161 200 20 
81.05 917685 2151500 20 

80.46 3p3d 3D3 3p4f 3Da 927351 2170200 20 
80.27 928654 2 174 400 20 

80.06 3p3d 3P'6 3p4f 301 927907 2177200 20 
80.06 928282 2 177200 20 

79.826 3.s3d 3D3 3.s4f 3F.l 635446 I 888200 3 35 
79.761 634 185 1 887900 2 35 
79.720 633381 1887800 35 

79.10 3p3d ID~ 3p4f 3Fa 883772 2 148000 20 

78.54 3p3d 3F3 3p4f 3G. 874367 2 147600 20 

78.42 866417 2 141 600 20 

78.35 883609 2 159900 20 

75.94 3p2 3P2 3p4s 31'3 539919 I 856700 40 

74.961 35Sp 31'3 354s 3Sj 234905 1568900 35 

74.327 223438 1568900 35 

74.003 0 218604 1568900 35 

72.45 3p2 lOa 35~ IF3 521 074 1 901 300 31°,40 

67.02 353p IP'J 3.s4d lOa 328042 I 820 100 31·,40,20 

64.23 Sp2 3Pa 3p4d 3D3 539919 2096800 40 

64.03 526089 2087900 40 

63.46 3p2 lOa 3p4d 3F3 521 074 2096900 40 

63.45 3p2 ID2 3p4d IF3 521 074 2097100 40 

Sp2 3Pa 3p4d 3~ 539919 2 121 400 40 
63.23 

3P2 354d 3Da 234905 1 818500 35 
63.146 353p 

234905 I 819500 35 
63.109 

223438 I 818000 35 
62.713 

223438 I 818500 35 
62.694 

218604 1818000 35 
62.526 
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Mn XIV (Mg sequence) - Continued 

A (A) Classification Energy Levels (em - I) Int. gf A (S-I) Ace. References 

59.325 38 2 ISo 384p IP'l 0 I 685600 3.55-1 2.24+11 C 35°,8]* 

58.19 3s3p 3~ 3p4p 3PI 234905 1953400 40 
57.81 234905 1964700 40 

57.97 383p 8~ 3p4p 8D3 234905 I 959900 40 

57.71 383p a~ 3p4p aSI 234905 1 967700 40 

57.224 3s3d 3Da 3s5! 3F4 635446 2383000 35°,40 

50.03 3s3p a~ 385s 3S1 234905 2233700 40 

49.63 383d 3Da 3s6! 3F4 635446 2650400 40 

49.42 383p lPi 3s5d ID2 328042 2351 500 40 

47.93 3s3p 3~ 3s5d aDa 234905 2321 300 40 
47.67 223438 2321 200 40 
47.38 218604 2329200 40 

43.74 3s2 ISO 3s5p 'Pi 0 2286200 1.12 -1 1.3+ II C 40',81· 

43.00 383p 3~ 386s 3S1 234905 2560500 40 

41.72 383p 3~ 386d 3D3 234905 2631 800 40 
41.51 223438 2632500 40 

38.54 3s 2 ISO 3s6p lPi 0 2594700 40 

Mn XV (Na sequence) 

A Classification Energy Levels (em - I) Int. gf A (S-I) Ace. References 

971.8c 2p 64s 2Sli2 2p 64p 2Pi/2 1 667500 1 770400 3.8-1 1.3+9 C 81" 
912.4c 

1/2 3/2 1 667500 1 777 100 7.6-1 1.5+9 C 81" 

771.0c 2pfl4p 2P3/2 2p 64d 2D3/2 1 777100 1906800 1.8-1 4.9+8 C 81· 
765.1c 

3/2 5/2 1 777 100 1 907800 1.6 3.0+9 C 81" 
733.lc 

1/2 3/2 1 770400 1906800 9.2-1 2.9+9 C 81" 

384.743P 2p 63s 2S I/2 2p B3p 2Pi/2 0 259914 2.60-1 5.87 +9 B 42',81*,13,36,41 
360.987P 

1(. 3/2 0 277018 5.62-1 7.19+9 B 42°,8]*,13,26 

360.4c 2p 65d 2D3/2 2p 66p 2Pi/2 2491 100 2768600 4.8-1 1.3 + 10 C 81" 
359.1c 

5i2 3/2 2491 700 2770200 9.00-1 1.16+ 10 C 81" 

358.3c 
3/2 3/2 2491 100 2770200 1.0-] 1.3+9 D 81· 

349.3c 2p 65! 2F"5i2 2p 66d 2D3I'. 2519000 2805300 2.7-1 3.7+9 C 81· 

349.2c 
7/2 5i2 2519300 2805700 3.8-1 3.5+9 C 81" 

348.8c 
5/2 512 2519000 2805700 1.9-2 1.7+8 D 81" 

318.6e 2p 65p 21'3/2 2p 66s 2S1/2 2428 100 2742000 6.4-1 2.0+ 10 C 81· 

315.lc 
1/2 If. 2424600 2742000 3.2-1 1.1 + 10 C 81" 

303.2c 2p 65d 2D5/2 2p 66! 2F"5i2 2 491 700 2821 500 1.8-1 2.2+9 0 81" 

302.9c 
5/2 7/2 2491 700 2821 800 3.7 3.4+ 10 C 81" 

302.7c 
af. 5/2 2 491 100 2821 500 2.6 3.2+ 10 C 81" 

282.184P 2p fi3p 2Pk 2p 63d 2Dm 277018 631 398 1.17-1 2.46+9 B 42·,81·,13,26 

280.411 p 3/2 5i2 277 018 633637 1.07 1.51+10 B 42·,81",13,26 

269.189P 
1/2 3/2 259914 631 398 6.20-1 1.43+ 10 B 42°,81*,13,26 
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Mn xv (Ns sequence) - Continued 

265.lC 

264.8C 

262.7C 

21O.6C 

21O.6C 

210.4C 

207.7G 

207.5C 

207.5C 

J95.3C 

195.2C 
195.0C 

193.1C 
192.2C 
191.SC 

ISS.9C 

ISS.8C 

ISB.6e 

17S.B9 
17B.61 

176.7C 

176.6C 

175.7C 

167.2C 
165.3C 

J63.7C 

163.5C 

163.5C 

163.63C 

I 63.6c 

163.41 

15B.3SC 

157.S2c 

140.lc 

139.9c 

13S.8e 

IIB.OC 
lI6.0e 

H5.Sc 

Classification 

3/2 

1/2 

5/2 

7(2 

5/2 

3(2 

3(l 

2p6 4p 2p~f.! 

3f.! 

If.! 
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7/2 

5/'l 

5(2 

512 

1/2 

Energy Levels (em-I) 

2 42S 100 
2 42S 100 
2424600 

2375200 
2375200 

2 519 300 
2 519000 
2519000 

2491 700 
2 491 100 
2 491 100 

2491 700 
2 491 700 
2 491 100 

1 906 SOD 
1 907 SOO 
I 906 SOD 

2428 100 
2424600 

I 961 600 
I 962000 
I 961 600 

1962000 
1 961 600 

2 42S 100 
2428 100 
2424600 

I 777 100 
1 770400 

2 491 700 
2 491 100 
2 491 100 

I 907800 
I 907 SOO 
I 906 SOO 

o 
o 

2 42S 100 
2 428 100 
2424600 

1 777 100 
1777 100 
I 770400 

1 667500 
I 667500 

1 907800 
I 906 SOD 
1906800 

2805300 
2805700 
2805300 

2768600 
2770200 

2994200 
2993900 
2994200 

2973100 
2973 100 
2973 100 

3003800 
3004100 
3003 SOD 

2 424 600 
2428 100 
2 42S ]00 

2953000 
2953000 

2 491 100 
2491 700 
2491 700 

2521 630 
2 521 4S0 

2993900 
2994200 
2993900 

2375200 
2375200 

3 102 700 
3 102 700 
3 ]02700 

2519300 
2519000 
2 519000 

631 39S 
633637 

3 1!4 000 
3 115600 
3114000 

2 491 100 
2491 700 
2 491 100 

2 424 600 
2 42S 100 

2770200 
2 76S 600 
2770200 

Int. g.f 

9.6-2 
8.4-1 
4.78-1 

1.6-1 
3.30-1 

6.S-2 
4.7-2 
3.5-3 

1.55-1 
S.S-2 
1.8-2 

5.0-2 
1.0 
6.96-1 

3.2-\ 
5.5-1 
6.0-2 

1.2-1 
6.16- 2 

1.1-1 
1.6-1 
7.8-3 

3.3-2 
2.9-1 
1.7-1 

4.40-1 
2.22-1 

5.8-2 
3.2-2 
6,4-3 

4.1 
2.0-1 
3.0 

E2 
E2 

1.6-2 
1.5-1 
S.24-2 

1.0-1 
9.2-1 
5.0-1 

1.5-1 
3.08 -I 

9.6-2 
5.2-2 
1.0-2 

2.3+9 D 
1.3+10 C 
1.15+ 10 C 

8.5+9 C 
S.6+9 C 

1.7+9 D 
1.8+9 D 
S.7+7 E 

6.0+9 C 
6.7+9 C 
6.8+8 D 

1.5+ 9 D 
2.2+10 C 
2.04+ 10 C 

2.8+ 10 C 
2.5+ 10 C 
2.B+9 D 

1.1+10 C 
5.7+9 C 

5.1+9 C 
4.9+9 C 
2.5+B D 

References 

Sl" 
Bl" 
Sl* 

81" 
BI' 

81" 
81' 
Sl' 

81' 
Sl" 
Bl" 

Sl" 
Bl" 
81* 

SI' 
81' 
Bl· 

Bl" 
81' 

Bl' 
81" 
Bl" 

45 
45 

1.7+9 D Bl· 
1.0+ 10 C Bl' 
9.1+9 C SI' 

5.20+10 C SI' 
2.71+10 C Bl' 

3.6+9 D BI' 
3.9+9 D Bl" 
4.1+S E SI' 

1.3+ 11 C 45°,BI" 
S.5+9 D SI" 
J.2+1I C 45°,81* 

6.1+5 C Sl· 
6.2+5 C 81* 

1.3 +9 D SI' 
7.7+9 C 81' 
6.5+9 C 81" 

S.7+9 D SI' 
5.2+10 C SI' 
4.4+ 10 C SI' 

2.9+ 10 C 81" 
2.96+ 10 C 81* 

1.2+10 C 81' 
1.3+10 C SI' 
1.3+9 D 81' 



109.4C 

109.4C 

109.3C 

97.257C 

97.220C 
96.628C 

96.880C 

96.871 C 

96.843C 

93.870C 

93.782C 
93.7B2C 

91.241C 

91.216C 

91.158C 

90.81BC 

90.686C 

87.80 
87.47 
87.283C 

86.78C 

86.69c 

86.66c 

85.04c 

84.56c 

83.689C 

83.619c 

83.619c 

82.l83C 

82.l63c 

81.733c 

75.303C 

75.280P 

75.174P 

74.80C 

74.7l e 

74.43c 

71.927 
71.038 

61.361 
61.319 
60.720 

56.484 
56.270 
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Classification 

1/2 

1/2 

1/2 

1/2 

Mn xv (Na sequence) - Continued 

lfl 

J/2 

7rl 

f>/2 

Energy Levels (em-I) 

1 907800 
1907800 
1906800 

J 777 100 
1 770400 

1 777 100 
1 777 100 
1 770400 

1962000 
I 961 600 
1 961 600 

I 907800 
1 906800 
1 906800 

1 907 BOO 
1907 BOO 
1906800 

1667500 
1 667500 

631 398 
633637 
631 398 

1 961 600 
I 962000 
1961600 

1 777100 
1 770400 

1 907800 
1 906 SOO 
I 906 SOO 

1 777 100 
1 777 100 
I 770400 

633637 
633637 
631 39B 

1 777 100 
1 777 100 
1 770400 

277018 
259914 

2770]8 
277 DIS 
259914 

o 
o 

2821 800 
2821500 
2821 500 

2 742000 
2 742000 

2805300 
2 S05 700 
2805300 

2994200 
2993900 
2994200 

2973 100 
2973 100 
2973 100 

3003 SOD 
3004 100 
3003 BOO 

2768600 
2770200 

1 770400 
I 777100 
1 777 100 

3114000 
3 115600 
3 115600 

2953000 
2953000 

3102700 
3 102700 
3102700 

2993900 
2994200 
2993900 

I 961 600 
1 962000 
] 96] 600 

3 114000 
3115600 
3 114 000 

1667500 
1 667500 

1906 BOO 
1 907 SOD 
1906 SOO 

1 770400 
1 777 100 

Int. gf 

1.0 
5.0-2 
7.2-1 

B.64-2 
4.34 -2 

3.4-2 
3.1-1 
1.8-] 

9.6-3 
6.6-3 
4.7-4 

3.5-2 
2.0-2 
3.9-3 

2.1-2 
4.3-1 
2.9-1 

5.0-2 
9.B-2 

1.38-1 
2.5-1 
2.B-2 

3.1-3 
4.6-3 
2.2-4 

3.3-2 
1.7-2 

1.7-2 
1.0-2 
1.9-3 

1.7-2 
1.5-1 
S.6-2 

2.6-1 
5.2 
3.7 

9.2-3 
B.56-2 
4.78-2 

1.2-1 
1.06 
5.96-1 

1.44 -I 
2.70-\ 

7.2+ 10 C 
4.6+9 D 
6.7+ 10 C 

2.6B+IO C 
1.37+10 C 

6.1+9 D 
3.7+ 10 C 

3.2+10 C 

1.2+9 D 
1.2+9 0 
5.6+7 E 

6.7+9 D 
7.4+9 D 
7.4+8 E 

2.S+9 D 
4.3+ 10 C 
3.9+ 10 C 

2.0+ 10 C 
2.0+ 10 C 

6.0+ 10 C 
5.4+10 C 
6.1+9 D 

6.B+8 E 
6.7+S E 
3.3+7 E 

1.5+10 D 
7.9+9 D 

4.1 +9 D 
4.7+9 D 
4.6+B E 

4.1+9 D 
2.5+ 10 C 
2.1 + 10 C 

5.2+ 10 D 
7.7+ 11 C 
7.3+11 C 

2.B+9 D 

1.71 +10 C 
1.44+10 C 

References 

Sl· 
Bl' 
B\' 

SI' 
81" 
SI· 

BI' 
81" 
Sl" 

81' 
81' 
Sl' 

81" 
BI' 
BI' 

20·,SI· 
20·,Bl· 
Bl" 

SI" 
Sl" 
81* 

81' 
Sl· 

Sl" 
81" 
BI· 

BI· 
Bl' 
81' 

SI" 
42°,81',43 
42',81",43 

81" 
Sl' 
BI" 

43 
43 

5.3 + 10 D 43·,81· 
3.13+ 11 C 43°,SI· 
2.69 + II C 43°,Sl· 

1.51+ 11 C+ 43',Sl·,40 
1.42 + 11 C + 43',Bl· ,40 
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Mn xv (Na sequence) - Continued 

55.72 
55.658e 

53.040C 

53.032 
52.977 

47.666 
47.270 

46.804C 

46.790c 

46.755c 

45.707C 

45.700 
45.659 

45.165C 

45.154 
44.820 

42.745c 

42.704c 

42.704c 

42.l91 C 

42.185 
42.152 

41.243 
41.185 

40.572 
40.285 

40.501 e 

40.465c 

40,465c 

40.151 

39.553C 

39.547 
39.287 

38.89 

38.02 

37.42 

37.4 
37.12 

36.807C 

36.803 
36.577 

36.119 
36.099 

35.25C 

35.229 
35.04 

Classification 

5/2 

3J2 

5tZ 

312 

3/'2 

312 

1/2 

:Ji2 

1/2 

:Ji2 

2p"6p 21'1/2 

3J2 

J. Phys. Chem. Ref. Data, Vol. 23, No.2, 1994 

Energy Levels (em-I) 

633637 
631 398 

633637 
633637 
631 398 

277 018 
259914 

633637 
631 398 
631 398 

633637 
633637 
631 398 

277018 
277018 
259914 

633637 
631 398 
631 398 

633637 
633637 
631 398 

o 
o 

277 018 
259914 

633637 
631 398 
631 398 

633637 

277018 
277018 
259914 

633637 

633637 

633637 

277018 
259914 

277018 
277018 
259914 

o 
o 

277018 
277018 
259914 

2428100 
2428 100 

2519000 
2519300 
2519000 

2375200 
2375200 

2770200 
2 768600 
2770200 

2821 500 
2821 800 
2821 500 

2491 100 
2491 700 
2491 100 

2973 100 
2973 100 
2973 100 

3003800 
3004 100 
3003800 

2424600 
2428 100 

2 742000 
2 742 000 

3 102700 
3 102700 
3 102700 

3 124200 

2 B05 300 
2 B05 700 
2805300 

3205000 

3264000 

3306000 

2953000 
2953000 

2993900 
2994200 
2993900 

2768600 
2770200 

3114000 
3 II5 600 
3114000 

Int. gJ 

3.9-2 
4.4-3 

4.9-2 
9.72-1 
6.84-\ 

5.2-2 
2.52-2 

1.4-2 
7.6-3 
1.6-3 

1.8-2 
3.6-1 
2.5-1 

3.8-2 
3.4-1 
1.9-1 

7.2-3 
4.0-3 
8.0-4 

8.4-3 
1.77 -1 
1.24 -1 

4.4-2 
8.8-2 

2.0-2 
9.8-3 

4.0-3 
2.2-3 
4,4-4 

1.8-2 
1.56 -] 
8.74-2 

9.6-3 
5.0-3 

1.0-2 
8.60-2 
4.8-2 

2.0-2 
4.0-2 

6.0-3 
5.2-2 
2.94-2 

2.1+10 D 
2.3+9 E 

1.9+ 10 D 
2.89+ 11 C 
2.7 + 11 C 

7,4 + 10 C 
3.77+ 10 C 

1.1+10 0 
1.2+ 10 D 
1.2+9 E 

9.5+9 D 
1.4+ 11 C 
1.3+ 11 C 

3.1+10 D 
1.9+ II C 
1.6+ 11 C 

6.5+9 D 
7.4+9 D 

7.2+8 E 

5.4+9 D 
8.3+ 10 C 
7.8+ 10 C 

8.7+10 C 
8.7+10 C 

3.9+ 10 D 
2.0+ 10 D 

4.0+9 E 
4.6+9 E 
4.5+8 E 

1.9+ 10 D 
1.11+11 C 
9.4+10 C 

2.3+ 10 
1.2 + 10 

1.2+ JO 
7.0+10 
6.0+10 

5.2+ 10 
5.2+ 10 

7.9+9 
4.7+ 10 
4.0+10 

D 
D 

D 
C 
C 

c 
c 

D 
C 
C 

References 

31°,81*,40,44 
81* 

81* 
43.,81*,40 
43·,81* 

44·,81·,40 
44",81·,40 

BI-
81-
81* 

81' 
44·,81',40 
44·,81',40 

81· 
44·,81* ,40,43 
44°,81',40 

81' 
81' 
Bl* 

81* 
44°,81' ,40 
44·,81' 

44·,81",40 
44·,81",40 

44·,81 ',40 
44·,81',40 

81" 
81" 
81* 

44·,40 

81" 
44·,81",40 
44·,81",40 

40 

40 

40 

40·,81' 
40·,81' 

81' 
44°,81',40 
44·,81*,40 

44·,81' 
44·,81',40 

81" 
44·,81*,40 
40·,81* 
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Mn XV (Na sequence) - Continued 

A(A) Classification Energy Levels (em - 1) Int. gf A (8- 1) Ace. References 

34.22 2p 63p 2p3r2 2p 69d 2D512 277018 3 199000 40 
34.02 112 312 259914 3 199000 40 

33.635 2p fi3s 2S112 2p 67p 2P'l12 0 2973 100 44 
33.635 Jf2 312 0 2973 100 44°,40 

33.55 2p 63p 2P":lJ'l 2p 6 1Od 2D512 277 018 3258000 40 

32.230 2p 63s 2S1/2 2p A8p 2P'l12 0 3102700 44 
32.230 Ifl 3/2 0 3102700 44°,40 

31.37 2p 63s 2S 112 2p 69p ZP"3/2 0 3 188000 40 

30.81 2p 63s 2S'12 2p 61 Op 2P3,t2 0 3246000 40 

Mn XVI (Ne sequence) 

A CA) Classification Energy Levels (em-I) Int. gf A (8- 1) Ace. References 

697.088c 2s 22p 5(2pYI2)3s eh/h)3 2s 22p 5CZP312)3p 2['lzh 5351 520 5494974 3.3-3 1.5+7 E 81' 

438.577 2s 22p 5(2p312)3s (%,IIz)~ 2s 22p 5CZP3n)3p 2['/zlt 5266964 5494974 2 2.5-1 2.9+9 D 50·,81" 

413.382 2s 22p 5CZP" 312)3s (%,lh)~ 2s 22p 5CZP312)3p 21%12 5281 200 5523 101 3 50 
376.202 5266964 5532 778 4 7.5-1 5.1+9 D 50·,81" 

396.402 2s 22p 5rp~I2)3s ('/2, '/2)g 2s 22p 5rP'lI2)3p 2[%11 5351 520 5603789 4bl 50 
373.525 5360800 5628520 2 50 

377.414 2s 22p 5eP'lf2)3s e!2, 1/2)~ 2s 22p 5ep~f2)3p 2[ 1/2!, 5360 800 5626306 2 50 
363.918 5351 520 5626306 50 

365.169 2s 22p 5CZPk)3s (%,1/2)1 2s 22p 6rP3I2)3p 2[%12 5281 200 5555050 2 50 
347.12 5266964 5555050 50 

302.50ge 2s 22p 5eP"312)3p 2[%la 2s22p 5[2P"312)3d 2[%J~ 5532778 5863347 2.7-2 3.9+8 E 81" 

301.513 2s 22p 5ePk)3p 2[%13 2s 22p 5(2P312)3d 2[1fz!~ 5532778 5864439 5bl 1.0 8.5+9 0 50·,81* 
288.003 5523 101 5870337 2 50 

298.648 2s 22p seP'l!2)3p 2[lhh 2s 22p 5eP'l!2)3d 2[%12 5626306 5961 148 50 

297.698 2s 22p s(2P312)3p 2[%Jz 2s 22p sCP3I2)3d 2[%13 5555050 5890952 3bl 50 
293.270 5542 158 5883 137 3bl 50 

297.698 2s 22p 5CP'li2)3p 2[%12 2s 22p 5CP'l!2)3d 2[%13 5628520 5964431 3bl 50 

286.998c 2s 22p 5eP"ad3p 2[llzh 2s22p s(2P312)3d 2[ 1/2jg 5494974 5843409 1.1 -1 8.9+9 D 81" 
281.472c 5494 974 5850249 2.7-1 7.4+9 D 81· 

271.464 2s 22p seP:'1!2)3p 2[1/211 2s 22p s("P312)3d 21%12 5494974 5863347 2.5-1 4.5+9 E 81" 

69.124 2s 22p 6eP'lI2)3d 2[%I~ 2s 22p 5CZP'lf2Hf 2[%!2 6018300 7465000 5 49 

66.503 5961 148 7464838 30 49·,52 

68.662 2s 22p SeP"312)3d 2[%n 2s 22p S("P312)4f 2[%12 5923500 7379900 7 49 
65.927 5863347 7380 185 30bl 49·,52 

67.314 2s 22p SeP"312)3d 2[%13 2s 22p SeP"31z)4f 2[%14 5 890 952 7376520 2 49 

67.149 2s 22p 5("P312)3d 2[%J3 2S22p s("P312)4f 2[%b 5890952 7380 185 3 49 
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Mn XVI (Ne sequence) - Continued 

67.099 
66.773 

58.700 
66.320 

66.393 
66.129 

66.209 
65.927 

66.036 

65.508 
65.470 
65.216 

65.153 

64.224 

56.700 
55.472 

56.432 
56.110 

56.207 

56.207 
55.560 
56.032 
55.962 
55.659 

55.728 
55.517 

55.09 
54.988 

54.832 

52.344 
51.847 

52.147 

52.147 

51.999 

18.935 

18.654 

17.095 

16.882 

16.616 

15.312 

15.238 

Classification 

J. Phya. Chem. Ref. Data, Vol. 23, No.2, 1994 

21%/3 
2 

2F121~ 

Energy Levels (em-I) 

5890952 
5883 137 

5964431 
5955038 

5870337 
5864439 

5870337 
5864439 

5863347 

5850249 
5850249 
5843409 

7381 282 
7380720 

7 463 551 
7402853 

7376520 
7376639 

7380720 
7381 282 

7377659 

7376779 
7377669 
7376779 

5 555 050 7 089 864 

5 532 778 7 089 864 

5555050 
5542 158 

5555050 
5542 158 

5626306 

5628520 
5603789 
5532778 
5532778 
5523 101 

5532 778 
5523 101 

7318722 
7344868 

7327149 
7 324 359 

7 405 446 

7407660 
7403649 
7317468 
7319729 
7319729 

7 327 149 
7 324 359 

5494974 7310174 
5494974 7313554 

5494 974 7318722 

5281 200 7 191600 
5266964 7 195714 

5 266 964 7 184 624 

5281 200 7 198860 

5360 800 7283910 

o 5281 200 

o 5360800 

o 5850249 

o 5923500 

o 6018300 

o 6530800 

o 6562500 

lnt. 

60 
50 

60 
20 

40 
50 

3 
30bl 

4 

4 
8 
6 

2 

5 

2 
I 

5 
3 

5bl 

5bl 
5 

15 
I 

10 

2 

2 

1 
3 

2bl 

2bl 

2 

gf 

1.2-1 

1.1-1 

1.1-2 

5.3-1 

2.48 

A (s - 1) Ace. References 

49°,52 
49°,52 

49°,52 
49·,02 

49°,52 
49",52 

49 
49°,52 

49°,52 

49 
49 
49 

49 

49 

49 
49 

49 
49°,51 

49",51 

49",51 
49·,51,52 
49",51 
49 
49°,52 

49 
49°,52 

49 
49 

49 

49 
49 

49 

49 

49 

7.3+ 11 c- 46°,81* 

7.2+ 11 C- 46°,81* 

8.3 + !O E 46",81' 

4.1 + 12 D 46°,81' 

2.00+ 13 c- 46°,81* 

46 

46 



14.098 

13.61 

13.46 

12.510 

12.373 

11.971 

11.853 

109.35 
100.00 

] 7.987 
17.794 
17.716 

17.807 
17.729 
17.541 
17.465 

17.550 
17.301 

17.131 
16.880 

16.278 
16.090 
16.054 
15.987 

16.041 

15.958 
15.871 

15.946 
15.732 

15.926 

15.889 
15.676c 

15.826 
15.670 
15.615 

15.570 
15.404 
15.365e 
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Mn XVI (Ne sequence) - Continued 

Classification 

Classification 

3fl 

312 

11'2 

3!2 

3!2 

3/2 

2s 22p 5 2PI12 

312 

3fl 

3/"l 

3J'l 

2S22p 4ep)3s 4P3/2 

5/2 

312 

1/2 

3!2 

1/2 

1/2 

2S22p 4ep)3d 4P3/2 

J12 

312 

5/2 

5/2 

2S22p 4ctD)3d 28m 
J/2 

2s22p4(lD)3d 2P3/2 

3/2 

2s22p4(1D)3d 2D312 

512 

3/2 

5fl 

3!2 

Energy Levels (em-I) Int. gf A (S-I) Ace. References 

o 7092000 3 47 

o 7344868 46 

o 7429000 46 

o 7994000 5 47 

o 8084000 2 47 

o 8354000 47 

o 8439000 2 47 

Mn XVII (F sequence) 

Energy Levels (em - 1) 

o 

85500 
o 

85500 
o 
o 

85500 
85500 

o 
o 

85500 
o 

85500 
o 

85500 
o 
o 
o 

o 

o 
o 

85500 
o 

o 

85500 
o 

85500 
o 
o 

85500 
o 
o 

85500 

1000000 
1000 000 

5644800 
5619900 
5644800 

5 701 100 
5725800 
5 701 100 
5725800 

5783500 
5780000 

5922900 
5922900 

6228900 
6215000 
6228900 
6255 100 

6234000 

6266400 
6300800 

6356600 
6356600 

6279000 

6379200 
6379200 

6404200 
6381600 
6404200 

6508100 
6491 800 
6508 100 

Int. gf References 

MI 1.12+4 C+ 81· 

10 1.12-1 3.14+10 C+ 45·,81*,53,54,55 
10 2.49-1 8.31+10 C+ 45·,81*,53,54,55 

o 
3 1.8-2 
5 

o 
2 1.2-1 
5 
3 1.1-1 

5 2.0-1 
5 2.5-1 

2 7.4-2 
20bl 2.3-2 

2 
5 
5 

6 

I 
7 

1 1.8-1 
5 9.6-1 

2 

2 3.8-1 
2.4 

6 1.9 
10 
3 4.8-1 

5 1.7 
4 2.5-1 

1.4-2 

6.3+ !O 

1.3+12 

1.2+12 

1.1 + 12 
9,4 + II 

8.4 + 11 
2.7+ 11 

2.3+ 12 
1.3+13 

2.5+ 12 
1.6+ 13 

1.3+13 

3.3+ 12 

1.1 + 13 
1.2+12 
9.9+10 

56 
E 56°,81" 

56·,26,83 

56 
D 56·,81" 

56·,26 
D 56',81* 

D 56·,81· 
D 56°,81',26,83 

D 56',81" 
E 56',81* 

56 
56 
56 
56 

56 

56 
56·,26,47,83 

D 56',81· 
D 56°,81* 

56 

E 56°,81" 
E 81" 

E 56·,81" 
56°,26,83 

E 56',81* 

D 56',81*,47,83 
D 56°,81*,47,83 
E 81· 
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2720C 

1895C 

11l7C 

457.SIC 

428.l4C 

369.93C 

309.52C 

159.3SC 

139.65 

126.09 
IIS.22 
117.25 
1I5.38 
113.30 
IOS.76 

122.29 

1l1.39 

96.23 

91.90 

89.59 
89.03 
84.05 

16.724 
16.705c 

16.521 

16.663C 

16.58ge 

16.577 

16.540 

16.451 
16.444c 

16.425 
16.255 
16.1S5 

16.332C 
I6.138e 

Classification 
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Mn XVIII (0 sequence) 

Energy Levels (em-I) 

919450 
866690 
S66690 

o 
\) 

73590 
o 

150610 

73590 

956200 
919450 
866690 

292020 

150610 

73590 
73590 
66560 

o 
73590 

o 

1 189 770 

292020 

150610 

919450 

73590 
66560 

o 

73590 
66560 

o 

150610 
150610 

292020 

150610 

73590 
73590 
66560 

o 
o 

73590 
o 

150610 

73590 
o 

956200 
919450 
956200 

66560 
noll\) 

150610 
150 610 

292020 

292020 

I 189 770 
I 189770 
I 189 770 

919450 

866690 

866690 
919450 
919450 
866690 
956200 
919450 

2007500 

1 189 770 

1 189 770 

2007500 

1 189 770 
I 189770 
1 189 770 

6052900 
6052900 
6052900 

6 152 100 
6178600 

6324500 

6 196600 

6 152 100 
6 154800 
6 154800 
6152100 
6 178600 

6 196600 
6 196600 

6324500 

6565800 
6562500 

Int. gf 

Ml 
Ml 
E2 

E2 
Ml 

MI 
Ml 

E2 

MI 

Ml 
Ml 
M1 

7.4-3 

3 2.7-2 

8 1.17-1 
6 7.38-2 
7 9.1- 2 

11 3.5-1 
8 1.06-1 
8 1.47-1 

7 3.36-1 

5 5.6-2 

lObI 5.85-1 

2 1.0-2 

2.5-3 
1 4.4 - 3 
6 3.4-2 

7.8-2 
5.2-2 

4 2.6-1 

2.2-2 
2.2-2 

3 1.4-1 

5 3.9-1 

4 4.5-2 
!.I-I 

3 2.2-2 
5 1.6-1 
6bl 2.6-1 

2 
2 

4.5-2 
2.3-2 

1.1-1 

1.3 

2.61 +3 
3.22+3 
1.2 

3.1-1 

8.17 +3 

5.4+2 
1.1 +4 

3.7+ I 

9.8+4 

5.2+3 
5.9+3 
1.7+4 

6.5+8 

1.8+9 

9.8+9 
1.17+10 
1.5+ 10 
3.6+ 10 
5.50+ 10 
2.77+ 10 

1.5+ II 

1.0+ 10 

1.4+ 11 

8.3+9 

6.9+8 
1.2+9 
1.1 + 10 

6.2+ 11 
4.1 + II 
1.7+ 12 

1.1+11 
7.6+10 

1.I +12 

1.9+12 

2.2+ 11 
9.4 + II 
1.8+ 11 
8.1 + II 
9.5+ 11 

2.3+ 11 
1.2+ 11 

9.7+ 11 

5.6+ 12 

References 

C 81· 
C SI· 
E 81° 

D 81" 
D 81* 

D 81· 

E 81· 

D- 81* 
D- 81· 
D- 81· 

E 81" 

E 45·,81· 

C 45°,81.,54,55 
C 45·,81*,54,55 
C 45°,81.,54,55 
C 45°,81*,54,55,53 
C 45",81·,54,55 
C 45",81*,54,55,53 

C 45",81·,57 

C 45°,81",54 

C 45°,81*,53,54,55 

E 45°,81* 

E 45',81· 
E 45°,81. 
E 45°,81. 

C- 58",81· 
c- 81· 
C- 58°,81. 

E 
E 

81· 
81" 

D 58°,81" 

D 58°,81" 

D 58°,81" 
D 81· 
D 58°,81. 
D 58°,81. 
C 58°,81· 

E 81" 
E 81" 

D 81" 

59°,47 
D 59°,81",47 



14.87'fT 

14.752T 

14.698T 

1255C 

906.29c 

773.51c 
625.l6c 

1230C 

758.90C 

615.57c 

561.IOC 

527.26c 

385.37c 

369.lOc 

511.54C 

464.25c 

440.84c 

352.70c 

277.02C 

239.61c 

21O.96c 

183.97c 

216.57C 

205.62c 

I 82.94c 

173.22c 
157.73c 

152.93c 
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Classification 

Classification 

2s 22p 3 2D&/2 

3/2 

5fl 

312 

2s2p' 2DMl 

312 

5fl 

3/2 

2s 22p 3 2Dst2 

3,12 

312 

arl 

Mn XVIII (O sequence) - Continued 

Energy Levels (em-I) 

o 6721 800 

o 6778700 

o 6803600 

Mn XIX (N sequence) 

Energy Levels (em-I) 
----

1/2 

3/'l 

3,12 

2s2p' "P3,12 

3,12 

1/2 

J/2 

1/2 

981 160 

765760 
709070 
709070 

131 770 

I 126740 
I 126740 

242 110 

162450 
131 770 
162 450 
131 770 

1 170820 

1 844360 

o 
o 

992600 

992600 
981 160 
992600 
981 160 

785670 
765760 
765760 
709070 

o 
o 

765760 

291 730 
291 730 
242 110 

709070 
765760 

162450 
131770 
131 770 
131770 

992600 

785670 
765760 
785670 

162 450 

1 170820 
1 252090 

291 730 

242 110 
242110 
291 730 
291 730 

1 252090 

1 934390 

131770 
162450 

1 126740 

1 170820 
I 170820 
1 252090 
1 252090 

981 160 
981 160 
992600 
992600 

242 110 
291 730 

I 126740 

709070 
765760 
785670 

I 170820 
1252090 

709070 
709070 
765760 
785670 

Int. 

7 

4 

2 

Int. 

gf 

3.8 

gf 

MI 

MI 
MI 
E2 

MI 

MI 
MI 

MI 

E2 
MI 
MI 
MI 

MI 

MI 

MI 
MI 

E2 

MI 
MI 
E2 
MI 

MI 
MI 
MI 
MI 

MI 
MI 

MI 

1.3-3 
3.9-3 
1.6-3 

MI 
MI 

5.8-3 
1.1-2 
1.2-3 
1.5-3 

1.6+ 1 

3.39+2 
4.36+3 
4.7-1 

2.36+2 

1.4+2 
1.2+4 

8.0+2 

6.7-1 
4.5+3 
8.2+3 
2.7+4 

7.2+3 

1.31+4 

1.0+4 
6.6+2 

1.5 + 1 

3.3+3 
7.8+3 
9.9+ I 
1.3+4 

1.5+3 
7.4+3 
1.2+3 
1.8+4 

2.1 +4 
2.2+4 

7.0+4 

2.6+7 
1.5+8 
1.6+8 

1.1 +4 
1.7+4 

1.9+8 
4.1 +8 
7.8+7 
2.1+8 

59°,47 

59°,47 

References 

D 81· 

C 81" 
C 81" 
E 81* 

C 81" 

D 81' 
D 81' 

C 81* 

E 81" 
D 81' 
D 81' 
D 81" 

C 81" 

C 81· 

D 81" 
D 81* 

E 81· 

D- 81" 
D 81· 
E 81' 
D- 81' 

D- 81' 
D 81" 
D- 81" 
D 81" 

D 81* 

E 81· 
E 81" 
E 81* 

D- 81" 
D- 81" 

E 
E 
E 
E 

81· 
81" 
8! " 
81* 
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Mn XIX (N sequence) - Continued 

A (A) Classification Energy Levels (em -1) Int. gJ A (5- 1) Ace. References 

168.84c 2s2p' 2Pl12 2p 5 21'3/2 1 252090 1 844360 3.30-2 1.93+9 C 81" 
148,48 312 3/2 1 170820 1 844360 3.9-1 3.0+ 10 C 45·,81' 
146.57 112 1/2 1 252090 1 934390 2.0-1 3.0t 10 C 45·,81" 
130.97 3/2 112 1 170820 1 934390 1.62-1 3.14+10 C 45·,81" 

145.05c 2s 22p 3 2p~/2 2s2p· 203/2 291 730 981 160 8.4-3 6.7+8 D 81" 
142.68 3rl S/2 291 730 992600 1.04 -1 5.7+9 C 45·,81-,54 
135.33 1/2 3/2 242 110 981 160 3.22-2 2.93+9 C 45·,81-

141.03 2s 22p 3 4S~l 2s2p· 4PiiI'l 0 709070 2.2-1 1.3+10 C 45·,81 ",54,55 
130.59 3/2 312 0 765760 1.70-1 1.66+ 10 C 45·,81*,54,55 
127.28 3/2 li2 0 785670 9.04 -2 1.86+ ]0 C 45·,81*,54,55 

139.36 2s2p' 2S1fl 2p 5 2P3fl 1 126740 I 844 360 9,40-2 8.1 +9 C 45·,81" 
123.82c 

1/2 1/2 I 126740 I 934390 6.8-3 1.5+9 0 81' 

122.14c 2s 22p 3 2Dg/2 2s2p· 2D3/2 162 450 981 160 1.3-3 1.5+8 E 81' 
120,46 5/2 5/2 162450 992600 3.9-1 3.0+ 10 C 45°,81',54,55 
117.74 3t. 3/2 131 770 981 160 3.2- I 3.8+ 10 C 45·,81· ,54,55 
1I6.17c 

312 512 131770 992600 7.6-5 6.3+6 E 81" 

119.76 2s 22p 3 2P3/2 2s2p' 2SI/2 291 730 1 126 740 1.8-2 4.1+9 D 45·,81· 
113.04 Itl liZ 242 J 10 1 126 740 1.3 -I 3.4 + 10 C 45·,81*,60 

117.41 2s2p· 205/2 2p" 2P"3!l 992600 I 844 360 3.4-] 4.1 + 10 C 45·,81-,57 
115.84 312 3/2 981 160 1 844360 1.19-1 1.48 + 10 C 45',81-,57 
104.90 3fl lfJ 981 160 I 934 390 1.46 - 1 4.44+ 10 C 45·,81·,57 

113.75 2s 22p'l 2p312 2s2p' 2P3(l 291 730 I 170820 7.12-2 9.2+9 C 45·,81·,54 
107.68 1/2 312 242 110 I ]70820 5.56-2 8.0+9 C 45·,81',54 
104.13 3/2 1/2 291 730 J 252090 2.8-1 8.7 + 10 C 45·,81*,54 
99.01 Jrl 112 242 110 J 252090 1.4-2 4.7+9 D 45·,81·,54 

101.92 2s 22p 3 'Sm 2s2p' 2D3/2 0 981 160 6.8-3 1.1 +9 E 45·,8J • 

100.50 2-~22p3 2D3/2 2s2p' 2S lI2 131 770 I 126740 1.2-] 4.0+10 E 45',81-,60 

99.17 2S~p3 2Dsf2 2s2p· 2P3/2 162450 1 170820 5.6-1 9.5 + 10 C 45·,81' ,54,55 
96.24 3fl 3/2 131 770 I 170820 8.48-2 1.53 + 10 C 45·,81*,54,55 

89.26 3/2 lfl 131770 1 252090 7.12-2 2.98+ 10 C 45·,81· ,54 

94.456c 2s2p4 4PI12 2p 5 2P"3/2 785670 1 844 360 2.0-3 3.7+8 E 81' 

92.71 3/2 3/2 765760 1 844360 5.6-3 1.1 +9 E 45·,81-

88.08 5(l 3/2 709070 I 844360 1.1-2 2.3+9 E 45°,81-

87.053c 
1/2 1/2 785670 I 934390 1.7-3 7.4+8 E 81· 

85.570c 3tl 1/2 765760 1 934 390 4.0-4 1.8+8 E 81· 

88.75 2s 22p 3 'Sb 2s2p· 2S1/2 0 I 126740 3.2-3 1.4+9 E 45°,81. 

85.41 2s 22p 3 'S3tl 2s2p' 2P3/2 0 1 170820 1.5-2 3.4 +9 E 45°,81' 

14.098T 2s 22p 3 'S?!rz 2S22p2("P)3d <PS/2 0 7093200 59°,47 

14.098T 
3/2 5/2 0 7093200 59·,47 
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8BO.20e 

654.96c 

877.50C 

785.85c 

783.51c 
783.45c 

747.33c 

678.01c 

676.27c 

827.6Sc 

679.99C 

645.45c 

593.0ac 

570.87c 

560.85e 

520.89c 

465.79C 

365.63C 

357.59C 

357.lOc 

345.63C 

330.6~ 
330.25c 

306.59C 

290.36P 

260.77P 

267.93C 

221.69c 

241.64C 

233.9]c 

222.4BC 
222.29c 
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Classification 

o 

2s2p" 5S~ 

Mn xx (C sequence) 

Energy Levels (em - J) 

856900 

722 710 

59580 
o 
o 

1 623650 
1 545800 

I 545 BOO 
1 545 BOO 

98650 
59580 

742940 
723090 
722 710 
742940 
723090 
723090 
7227JO 

212260 

1 025510 

870580 
856900 
850340 

870580 
856900 

I 698290 

59580 

[4430601 
{443060J 

I 623650 

870580 
856900 

723090 
722710 

722710 

98650 
59580 

1 172570 
I 172570 

333080 

[4430601 
1443060J 

723090 
722710 

870580 

742940 

98650 
59580 
98650 

1 698290 
1 698290 

1 623650 
1 623890 

212260 
212260 

856900 
850340 
850340 
870580 
856900 
870580 
870580 

333080 

1 172570 

1 025510 
1 025510 
1 025510 

1 048880 
I 048880 

1912980 

333080 

722 710 
723090 

I 912980 

1 172 570 
1172 570 

1 025510 
I 025510 

I 04B BBO 

[443060J 
[4430601 

1 545800 
I 623650 

723090 

856900 
B70580 

1 172 570 
I 172 570 

Int. 

Ml 

MI 

MI 
MI 
E2 

MJ 
MI 

MI 
E2 

Ml 
Ml 

E2 
MI 
E2 
Ml 
Ml 
MI 
MJ 

E2 

MJ 

Ml 
Ml 
Ml 

Ml 
Ml 

E2 

MI 

MI 
Ml 

MI 

Ml 
Ml 

Ml 
Ml 

MI 

1.6-3 
1.2-3 

5.4-3 
1.3-2 

1.3-3 

MI 
Ml 

MI 
MI 

3.4+ 1 

1.2+2 

6.4+2 
3.46+3 
3.B-1 

4.7+2 
1.1+4 

9.7+3 
5.9-1 

9.5+3 
9.6+3 

4.0 
1.2+4 
1.5+1 
8.1 +3 
1.3+4 
1.7+3 
7.5+3 

1.4+1 

2.1+4 

1.2+3 
1.I +3 
2.7+3 

1.0+4 
5.0+3 

2.8+2 

9.4+4 

9.5+3 
3.7+3 

1.4+5 

B.7+3 
5.7+3 

3.7+3 
1.0+4 

8.6+3 

2.5+7 
2.4+ 7 

1.0+8 
6.0+8 

4.4+7 

2.B+4 
5.0+4 

1.1 +4 
3.B+4 

References 

D 81' 

C+ 81· 
C+ Bl· 
E 81· 

D BI· 
D 81· 

C 81" 
E BI* 

D Bl· 
D 81' 

E BI· 
D BI· 
E 81· 
D Bl' 
D 81· 
D- 81· 
D BI· 

E 81' 

D Bl· 

D- 81· 
D- 81· 
D- 81' 

D 81· 
D 81· 

E BI" 

D 81· 

E 81· 
E Bl· 

D Bl· 

D- 81· 
D- 81· 

E 
E 

D- Bl* 

E 61',81· 
E 61',Blo 

E Bl' 
E BI" 

E B1' 

D- Bl' 
D 81* 

D- BI· 
D- 81' 

J. Phys. Chem. Ref. Data, Vol. 23. No.2, 1994 



210 SHIRAI ET At. 

Mn xx (C sequence) - Continued 

A (A) Classification Energy Levels (em-I) Int. gf A (S-I) Ace. References 

201.24c 2s2p 3 ID~ 2p' 3PZ 1 048880 I 545800 2.3-2 7.4+8 E 81" 
173.98c 1 048880 1 623650 3.1-3 2.3+8 E 81" 

195.91c 2.s 22p2 IDz 2.s2p 3 3D~ 212260 722710 1.0-3 3.6+7 E 81· 
195.76c 212260 723090 2.8-3 1.6+8 E 81" 
188.44c 212260 742940 3.0-2 8.2+8 E 81" 

192.20 2s2p 3 3SY 2p4 3PZ 1 025510 1 545800 1.8-1 6.5+9 C 45",81" 
167.19 1 025510 1 623650 1.6-1 1.3+ 10 C 45°,81. 
167.12 1 025510 1 623890 6.99-2 1.67+ 10 C 45°,81· 

190.9Ic 2s 22p2 ISo 2s2p 3 3pY 333080 B56900 2.2-3 1.3+B E 81" 

190.23 2s2p 3 IpY 2p' IDz 1 172570 1 69B 290 1.24 -J 4.56+9 C 45·,81" 

160.l4c 2s 22p 2 3pZ 2s2p 3 3m 98650 723090 4.8-4 4.2+7 E 81· 
155.21 98650 742940 1.58-1 6.2+9 C 45°,81*,55 
150.80 59580 722710 1.6-1 9.2+9 C 45°,81*,55 
150.71 59580 723090 9.6-3 9.4+8 D 45°,81· 
138.30 0 723090 9.1-2 1.1 + 10 C 45°,81·,55 

155.13c 2sz2p2 ID2 2.s2p 3 3pY 212260 856900 3.2-3 3.0+8 E 81" 
151.90c 212260 870580 3.9-3 2.3+8 E 81" 

153.98 2s2p 3 ID~ 2p' ID2 1 048880 I 698290 5.95-1 3.35+ 10 C 45°,Bl· 

14B.1O 2s2p 3 .~~ 2p' 3PZ 870580 1 545 BOO 5.90-2 3.59+9 C 45°,81" 
145.16 856900 1 545800 5.61-2 3.55+9 C 45°,81' 
132.79 870580 1623650 1.25 -1 1.58+ 10 C 45°,81· 

130.42c 856900 1 623650 2.0-4 2.6+7 E 81· 

130.38 856900 I 623890 4.86-2 1.91+10 C 45°,81· 
129.31 0 850340 1 623650 3.48-2 4.63+9 C 45°,81· 

144.42c 2s 22p2 ISo 2s2p 3 ag~ 333080 1 025 510 5.1-3 5.4+8 E 81" 

135.06 2s2p 3 IpY 2p4 ISO 1 172570 1 912980 2.1-1 7.8+ 10 C 45°,81" 

131.88c 2S22pz 3PZ 2.s2p 3 spY 98650 856900 2.7-2 3.4+9 D 81" 

129.55 98650 870580 2.41-1 1.92 + 10 C 45°,81·,55,60 

126.46 59580 850340 5.25-2 2.19+ 10 C 45°,81· 

125.42 59580 856900 1.02- 1 1.44 + 10 C 45°,81· 

123.30 59580 870580 6.0-3 5.3+8 D 45°,81· 

116.70 0 B56900 2.55-2 4.16+9 C 45°,81" 

124.56 2s2p 3 3D3 2p4 3pz 742940 1545800 3.46-1 2.98+10 C 45°,81· 

121.55 723090 1 545800 3.30-2 2.98+9 C 45°,81. 

121.49 722710 1 545800 1.47 -1 1.33+10 C 45°,81" 

111.04 723090 1 623650 8.07 -2 1.46+10 C 45°,81" 

111.01 723090 1 623890 6.45-2 3.49 + 10 C 45°,81. 

111.00 722 710 1 623650 1.20-1 2.17+10 C 45°,81 • 

122.96c 2S22p2 ID2 2s2p 3 3S~ 212260 1 025 510 1.l-3 1.6+8 E 81" 

2s2p 3 3~ 2p4 ID2 870580 1 698290 1.7-2 1.6+9 E 45°,81· 
120.82 1.0-2 9.6+8 E 81· 
ll8.S5G 856900 1 698290 

2S22p2 IDz 2s2p 3 ID~ 212260 1 048 880 4.9-1 4.6+ 10 C 45°,81.,55,60 
II 9.54 

2S22pz ISo 2s2p 3 IpY 333080 1172570 1.08-1 1.69 + 10 C 45°,81" 
119.12 

381 2p4 ISO 1 025510 1 912980 9.9-3 5.2+9 E 81" 
112.68C 2s2p 3 

2s2p 3 3S~ 98650 1 025510 3.1 -1 5.9+ 10 C 45°,81·,55,60 
107.89 2s 22pz 3P2 

1.23 -1 2.55+ 10 C 45°,81· ,55,60 
59580 1 025510 

103.53 
0 1 025510 4.03-2 9.4+9 C 45°,81",60 

97.51 
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105.24 
101.08c 

104.67 
102.50C 

104.13 

94.690C 

93.117c 
89.B5 

90.6S3C 

S4.703c 

722S.~ 

6004.3C 

4134.5C 

2205.8C 

2ISB.Oc 

952.8c 

6IS.OC 

548.4c 

484.2c 

395.69C 

356.76C 

269.32c 
263.39c 

258.95T 

243.69 
198.04 

182.48 
168.72 
140.55 

177.99 
164.87 
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Classification 

Classification 

1/2 

Mn xx (C sequence) - Continued 

Energy Levels (em-I) 

98 650 
59580 

742940 
722710 

212260 

856900 

98650 
59580 

[443060] 
[4430601 

212260 

1 04B 880 
10488BO 

1698290 
I 698290 

1 172570 

1 912 9BO 

I 172 570 
I 172570 

1 545 SOO 
1623650 

7642000 

Mn XXI (B sequence) 

Energy Levels (em-I) 

910 880 

687540 

1310 890 

I 472710 

379660 
424980 

o 

805930 

805930 

1 310 890 
1 335070 
1 310 BOO 

924710 

99360 
99360 

o 

924 710 
924710 
805930 

687540 

924 710 
924 710 
805930 

910 BBO 
910880 

924 710 

704 190 

1 335070 

1517410 

424980 
470670 

99360 

910 880 

924710 

14727]0 
1517410 
1517410 

I 177430 

379660 
470670 
379660 

1 310 S90 
1 335070 
I 310890 

1 177430 

I 472 710 
1517410 
1 517410 

1472710 
1517410 

Int. 

Int. 

6.0-2 
2.5-3 

3.9-2 
5.0-3 

3.2-1 

4.5-3 

5.5-4 
1.6-2 

6.5-3 
7.5-4 

gf 

Ml 

Ml 

MI 

MI 

Ml 
Ml 

MI 

Ml 

Ml 

Ml 
MI 
Ml 

2.4-3 

4.8-4 
3.2-3 
1.3-3 

1.9-3 
1.70-1 

1.9-3 

2.3-2 
3.0-1 

7.2+9 
3.3+8 

4.B+9 
6.3+8 

6.6+10 

3.3+9 

1.4+8 
4.4+9 

1.1 +9 
2.3+B 

1.03 + 1 

4.73+ 1 

1.3+2 

6.7+2 

2.03+3 
1.5+3 

S.S+3 

1.I+4 

8.0+3 

S.6+3 
1.3+4 
3.7+4 

2.5+7 

1.3+7 
4.S+7 
6.1+7 

4.7+7 
3.17+9 

7.7+7 

2.3+9 
1.S+ 10 

E 
E 

E 
E 

References 

45·,Bl* 
Bl* 

45°,81* 
81· 

C 45· ,81· ,55,60 

E Bl* 

E SI· 
E 45·,81* 

E Sl· 
E 81· 

59·,47 

References 

c- 81· 

C 81* 

C 81* 

C SI· 

C SI· 
C 81* 

B 81· 

C- SI· 

c 

D 
D 
D 

E 

E 
E 
E 

E 
C 

E 

D 
C 

SI* 

81· 
Sl' 
SI* 

81* 

Sl" 
SI· 
81· 

45·,8J· 
45·,81 * 
45 

81· 

45·,81' 
45·,8]' 
45 

45 
45 
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Mn XXI (B sequence) - Continued 

:qA) Classification Energy Levels (em-I) Int. gf A 
(S-I) A£c. References 

170.02c 2s22p 2P3/2 2s2p 22D312 99360 687540 1.2-3 7.2+7 E BI· 
165.34 312 512 99360 704 190 1.41-1 5.7+9 C 45°,BI* ,55 
145.45 If,! 312 0 687540 1.2-1 9.6+9 C 45°,81*,55 

164.B3 2s2p 2 2D5/2 2p 32D!b 704 190 1 310890 7.38-2 4.53+9 C 45°,81. 
160.42 312 312 687540 1 310890 1.13 -1 7.3+9 C 45°,Bl· 
158.51 512 512 704 190 1 335070 2.72 -1 1.2+10 C 45°,81· 
154.43 312 512 687540 1 335070 6.24 -2 2.91 +9 C 45°,81. 

141.49 2s2p2 ·PO/2 2p 3 4S~ 470670 1 177430 2.23-1 1.85 + 10 C 45·,81· 
132.90 312 312 424980 I 177 430 1.52 -1 1.44+10 C 45·,81· 
125.35 IfJ 312 379660 1 177430 8.72-2 9.3+9 C 45°,81· 

127.36 2s2p 2 2D3/2 2p 3 2P112 687540 I 472 710 1.30-1 2.67+ 10 C 45°,81' 
122.97 512 3/2 704 190 1517410 1.21-1 1.34 + 10 C 45°,81" 
120.50 3ft 3f2 687540 1517410 4.12-2 4.73+9 C 45°,81" 

124.08 2s 22p 2P112 2s2p 2 zPm 0 805930 45·,55 
121.16 3/2 312 99360 924 710 3.6-1 4.1+10 C 45°,81',55,62 
IOB.14 If,! 312 0 924710 4.18-2 6.0+9 C 45°,81·,62 

123.23 2s 22p 2P3n 2s2p2 28m 99360 910 880 45 
109.78 In 1/2 0 910 880 45 

I 19.02c 2s2p 2 ·P512 2p 3 20312 470670 1 310 890 9.6-4 1.1 +B E 81" 
IlS.69T 

5rl 512 470670 1 335070 1.7-2 1.4+9 E 45°,81' 
112.B8c 

3f.! 312 424980 1 310 890 1.2-2 1.S+9 E B1· 

95.535e 2s2p 2 4P5f,! 2p" 2P.''l/2 470670 1517410 7.2-4 1.3+8 E 81· 
91.539c 

3f2 312 4249S0 1517410 1.2-3 2.5+8 E 81· 
91.487c 

1tl If.! 379660 1472 710 4.6-4 1.8+8 E 81· 

Mn XXII (Be sequence) 

A (A) Classification Energy Levels (ern - 1) Int. gf A (S-I) Ace. References 

3755.5c ls22s2p 3pg Is22s2p 3P1 333350 359970 Ml 3.33+2 c+ 81· 

1293.2c 359970 437300 Ml 6.11+3 c+ BI· 

2487.4c Is22pz 3p
J 

Isz2p2 3P2 967950 1 OOS 140 Ml 7.0+2 C 81' 

I 736.4c 910 360 967950 MI 3.26+3 C 81' 

850.92c Is22p2 3PZ Is22p2 ID2 I 008 140 1 125660 Ml LOS +4 C SI" 

634.0Sc 967950 1 125660 Ml J.l +4 D+ 81· 

496.06c ls22s2p IPI ls22p2 3PO 708770 910360 S.I-4 2.2+7 E SI" 

385.S3c 70B 770 967950 3.9-4 5.8+6 E 81· 

708770 1 008 140 2.3-2 2.8+8 D 81" 
334.03c 

31'1 Is Z2s2p IPI 437300 708770 Ml 8.6+3 D 81' 
368.36c ls22s2p 

359970 708770 M1 1.1 +4 O- BI· 
286.70c 

333350 708770 Ml 1.8+4 D Bl· 
266.37c 

Is 22s 2p 3P1 0 359970 1.3-3 3.7+7 0 65°,81*,36 
277.BO 1522s 2 'So 

ISO 967950 I 336400 MJ 1.3+5 0 81" 
271.41c ls22p2 "PI ls22p2 

'Dz 708770 1 125660 1.77 -1 4.HH9 B 45°,81' 

239.S7 ls22s2p IPI ls22pz 

J. Phy •. Chem. Ref. Data, Vol. 23, No.2, 1994 



175.18 
164.48 
157.58 
154.28 

159.33 

145.27 
130.60c 

141.10 

103.31 
99.l93c 

13.199 

13.199 

13.ooC 

12.935 
12.816 
12.76c 

12.816 

12.816 

12.738 

12.738 
12.706 
12.670 
12.656 
12.580 
12.553 

12.656 

12.656 

12.553 
12.553 
12.488 
12.488 
12.488 
12.40c 

12.521C 

12.507 
12.488 
12.488 
12.39c 

12.368 
12.336 

12.447 

12.427 
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Classification 

Is22s2p 3Pj! 

Mn XXII (Be sequence) - Continued 

Energy Levels (em-I) 

437300 
359970 
333350 
359970 

708770 

437300 
359970 

o 

o 
o 

I 336400 

I 125660 

967950 

1 336400 

437300 
359970 
333350 

708770 

1 125660 

1 125 660 

1 008 140 
1 008 140 

967950 
967950 

1 008 140 
910 360 

I 125660 

1 125660 

J 008 140 
967950 

I 008 140 
1 008 140 

967950 
967950 
967950 
910360 

708770 

437300 
437300 
437300 
359970 
359970 
333350 

1 008 140 

708770 

1 008 140 
967950 
967950 

1 008 140 

1 336400 

1 125660 
1 125660 

708770 

967950 
1 008 140 

8702000 

8702000 

8544300 

9027000 

8168000 
8168000 
8 168000 

8512000 

8928000 

8976000 

8860000 
8878000 
8860000 
8878000 
8957000 
8878000 

9027000 

9027000 

8928000 
8928000 

8975000 
8976000 
8975600 
8976000 
8975000 
8975000 

S 695 400 

8433000 
8445000 
8445000 
S 433 000 
8445000 
S 433 000 

9027000 

8756000 

Int. 

1.72 -1 
4.59-2 
6.56-2 
S.5S-2 

7.5+9 
3.77 +9 
5.S7+9 
4.81 +9 

B 
B 
B 
B 

References 

45.,81° 
45·,81· 
45°,81· 
45°,SI* 

1.13 -1 2.98 + 10 B 45°,81* 

5.90-2 3.73+9 C 45°,81° 
4.2-3 3.3+S D 81* 

1.59 -1 1.78 + 10 B 66°,81*,45,55 

MI 7.8+3 E SI· 
E2 1.3+3 E 81* 

5.6-2 6.8+ 11 D 81" 

1.4-) I.S+ 12 D 68°,81*,67 

5.1-2 2.0+12 D 68·,81',67 

1.29 

1.3-1 
8.1-2 
2.7-2 

1.8 

2.5-1 

6.5-1 

1.4-1 
1.1-2 
1.31 
2.8-1 
3.3 
1.29 

7.5-2 

5.10 

2.0-1 
1.1 

3.7-1 
1.25 
3.3-1 
I.S-1 
6.9-1 
3.3-3 

9.6-2 

3.6-2 
3.0 
5.5-1 
5.4-1 
1.6 
7,4-1 

1.2-1 

1.70+ 13 C- 81* 

1.7+ 12 
1.1 + 12 
3.7+ 11 

1.5+13 

2.0+ 12 

5.4+ 12 

1.2+12 
1.5 + 11 
1.09 + 13 
3.9+ 12 
2.0+ 13 
1.82+ 13 

D 68°,81*,67 
D 6S·,81*,67 
D 81' 

C- 68·,81' 

c- 68·,81·,67 

c- 68°,81*,67 

D 68·,81*,67 
D 68",SI·,67 
C- 68·,SI*,67 
c- 68°,81',67 
C - 68°,81.,47,,59,67 
c- 68°,81·,67 

1.0 + 12 D 68·,81· 

3.03+13 c- 68°,SI',47,59 

1.7+ 12 C- 81· 
9.4+12 D 81* 

5.2+12 
1.06+ 13 
1.4 + 13 
1.5 + 12 
9.8+ 12 
4.8+ 10 

1.4 + 12 

5.1+ 11 
1.8+ 13 
4.7+ 12 
7.8+ 12 
1.4+ 13 
1.1 + 13 

1.7+12 

c- 6so,81°,67 
c- 68°,81*,67 
C - 68°,81*,67 
D 68°,SI*,67 
C - 68°,81*,67 
D 81* 

D 81' 

c- 68·,81',67 
c- 68",81*,47,59,67 
c- 68",81',67 
c- 81· 
C - 68°,81·,47,59,67 
c- 68°,SI·,67 

6S0,67 

D 68°,81·,67 
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Mn XXII (Be sequence) - Continued 

A.(A) Classification Energy Levels (em - I) Int. gf A (S-I) Ace. References 

12.271c Is22s2p lP1 Is 22p3p 3pz 708770 8858000 1.8-1 1.6+ 12 D 81· 

12.172 Is22s2p 11'1 Is22p3p JDz 708770 8924000 6.6-1 5.9+ 12 c- 68",81*,67 

12.()79 ls2'2.s'2.p I\>", ls2'2.s3s ISo 708770 8987600 3.0-2 I.l + 12 D 68°,81.,67 

12.017c Is22s2p 3~ ls22p3p 3Dz 437300 8759100 2.1-2 1.9 + II D 81* 
11.997 359970 8695400 1.4-1 2.2+ 12 D 68°,81.,67 
11.959c 333350 S 695 400 S.3-2 1.3+12 D 81· 
11.906 437300 8836400 7.0-1 4.7+ 12 c- 68·,SI*,67 
11.906 359970 8 759 100 4.8-1 4.5+12 c- 68°,81·,67 

11.997 Is22s 2 ISO Is22s3p 31'1 0 S 335 000 2.S-1 4.3+ 12 c- 68·,SI*,67 

11.971 15 22s 2 ISO ls22s3p 11'1 0 8354000 4.2-1 6.5+12 C- 68°,81*,67 

11.906 ls22s2p 31'1 Is22p3p Ip
l 359970 8756000 68°,67 

11.876 333350 8756000 68°,67 

11.876 Is22s2p 3~ Is22p3p 381 437300 8857600 68°,67 

11.876 Is22s2p 3~ Is 22p3p 3PZ 437300 8858000 4.8-} 4.5+12 C- 6S',81* 
11.876 359970 8780300 1.2-1 5.7+12 D 68',81°,67 
11.793 359970 8858000 2.5-2 2.4+ II D 6so,81*,67 

11.793 Is 22s2p 3~ Is22p3p ID2 437300 8924000 6so,67 

MnxxlII (U sequence) 

). (A) Classification Energy Levels (em-I) Int. gf A (8- 1) Ace. References 

920.801c Is22p 21'1/2 ls22p 2P"312 374654 483255 MI 1.15+4 B 81",71 

266.913c 15 22s 2SV.! Is 22p 2P1n 0 374654 3.70-2 1.73 +9 B+ 71,81' ,36,45, 
65,70 

206.930c 112 312 0 483255 9.66-2 3.76+9 B+ 71,8]*,36,45, 
65,70 

75.3807c Is24p 2P:'1I2 Is25d 2D3i2 III 5084001 [128350001 2.3-1 6.5+ 10 D 81· 

75.2559c 3n 512 [ll 508400] [l2837200J 2.10 4.06+ II C+ 81· 

74.6213c 
1/2 3/2 [11 494900] [128350001 1.17 3.3S+ 11 C+ 81· 

35.7705e Is23p 2~/2 15 248 2S 1/2 [86556001 III 451 200] 

35.3632c 1/2 1/2 [8623400] [11 451 200] 

34.8493c ls23p 2~12 Is24d 2D3!2 [8655600] [11 525 1001 2.4-1 3.2+ Jl C+ 81· 

34.7983c 512 [86556001 [II 529300] 2.1 2.0+12 B 81· 
3/2 

34.4626C 3/2 18623400] [ll 525 100] I.l 1.6+ 12 B 81· 
1/2 

33.6 I OOc Is 23s 2S U2 Is24p 2P'l/2 [85196001 [11 494 9001 2.8-1 8.5+ 11 C 81" 

33.4582c [8519600) (II 508400] 6.0-1 8.9+ 11 C 81" 
1/2 3!2 

24.1447C Is23p 2~/2 Is25s 2SJ12 [86556001 [127973001 

23.9584C 1/2 1/2 (86234001 [127973001 

23.9269c ls23p 2~/2 Is25d 2D3/2 [86556001 [128350001 5.6-2 1.6 + II D 81· 

23.9143c [8655600] [12837200] 4.96-1 9.67+ II C+ 81· 
3/2 512 

c+ SI" [86234001 [12835000J 2.76-1 8.15+ II 
23.7439C 1/2 3/2 

ls22p 2~/2 Is 23s 281n [4832551 [85196001 68,72,73 
12.4436c 68,72,73 
12.2773c 1/2 1/2 [374654J [S 519 600] 
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MnxxlII (U sequence) - Continued 

A (A) Classification Energy Levels (em - 1) Int. gf A (S-I) Ace. References 

12.1775c Is 22p 2p"3I'J Is23d 2D312 [483255J [86951001 2.7-1 3.1 + 12 B 68,81*,73 
12.1626c 312 312 [483255] [8705200] 2.44 1.83 + 13 B 68,SI*,72,73 
12.0l86c 

1/2 312 [374654] [8695 100] 1.34 1.54+13 B 68,81°,73 

11.5964c Is22s 28 112 Is23p 2P'l12 0 [8623400] 2.56-1 6.34+ 12 B 68,81°,73 
11.5532c 

1i2 312 0 [8655600] 4.92-1 6.14+ 12 B 68,81*,73 

9. II 75c Is 22p 2P"312 Is24s 2SVl [483255] [11451200] 
9.0280c 112 112 [374654J [11 451 2001 

9.0565c Is 22p 2P3/2 IS24d 2D312 [483255] [11 525 100] 4.8-2 9.7+ 11 C+ 81*,73 
9.0530c 312 5i2 [483255] [ll 529300] 4,4-1 6.0+ 12 B 68,81·,73 
8.9682c 112 312 [374654] [11 525 100] 2.4-1 4.9+ 12 B 68,81*,73 

8.6995c Is22s 2S 112 Is24p 2P'l/2 0 [II 494900] 6.6-2 2.9+ 12 C+ 68,81*,73 
8.6893c 1/2 312 0 [11 508 400J 1.3-1 2.9+ 12 C+ 68,81*,73 

8.0960c IS22p 2P"m 18 200 2Dm [483255] [12835000] 1.8-2 4.6+ II D 81*,73 
8.0946c 312 5i2 [483255] [12837200] 1.62 -I 2.75+ 12 C+ 68,81",73 
8.0255c 

1/2 312 [374 654] [12835000] 9.04-2 2.34+ 12 C+ 68,81*,73 

8.1208c Is22p 2P3rJ 18255 2SI/2 [483255] [12 797 300J 
8.049Sc 

1/2 112 [374654J [12 7973001 

7.8006c Is22s 28112 1s 25p 2P1tJ 0 [12819600J 68,73 
7.7964c 

If' 312 0 [12826500] 68,73 

2.0572c Is22p 2P:'m Is2s2 2S1l2 [483255] [490920001 
2.0527c 1/2 112 [3746541 [49092000] 

2.0348c IS22p 2p312 lseS)2p Zep) 4PI12 [483255] [49627000] 
2.0326c 

312 ;jtJ [4832551 [49680000J 
2.0308C 312 512 [483255] [497230001 
2.0304c 1/2 1/2 [3746541 [496270001 
2.0282c 

If' 312 [3746541 [49680000] 

2.0331 c Is22s 281/2 IseS)2s2p(3P") 4PI12 0 [49 186000] 
2.0318c 1/2 312 0 [49216000] 
2.0289c 1/2 5/'l 0 [492880001 

2.024Sc Is z2p zP"312 Is eS)2p ze D) 2D312 [483255] [49871000J 
2.0234C 3/2 5i2 [483255] [49903000] 
2.0204c 112 312 [374654] [49871 000] 

2.0243c Is 22s 2P3/2 IsCZS)2p 2ep) 2P1/2 [483255] [49883000] 
2.0J99c 1/2 m [3746541 [498830001 
2.0194c 

312 312 [4832551 [500020001 
2.0150c 112 312 [374654] [500020001 

2.0205c Is22.Y 28 m Is e8)2s 2p eP") 21'1/2 0 [49493000] 
2.Ql80c 

Ifl 312 0 [49554000] 

2.0136c Is22s 2S112 IseS)2s2peP") 21'112 0 [496620001 
2.0127c 1/2 312 0 [496840001 

2.0131c Is z2p 2P3/2 Is eS)2p ZeS) 28 m [4832551 [50 157000] 

2.0087C 1/2 112 [374654] [50 1570001 
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449.19C 

421.18c 

296.91c 

422.70C 

70.90C 

68.lf3C 

32.357C 

31.408C 

22.275C 

22.009C 

11.4883C 

11.3867C 

1I.2597C 

11.0982C 

1O.8881C 

W.8530c 

8.3074C 

Classification 

IsSp 3~ 

1555 ISo Is5p Ip~ 

Is45 3S, 

ls3p 3p~ 

Is3p Ip1 

Is2p 3pt 

ls2p lpy 

ls2p IP! 

Is4p Ip~ 

lsSp IP! 

Is5p 3p~ 

ls3p IPy 

ls4p 'PI 

ls4p 3pj 

ls3p Ip~ 

ls3p 3p~ 

ls5p 3pj 

ls3s ISO 

ls2p Ip~ 

is2p 3py 

ls2s ISo ls3p lp~ 

Is2p I~ 

Is2p 3~ 
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Mn XXIV (He sequence) 

Energy Levels (cm-I) 

[630980001 [63 liZ 100] 

[63 III 700] [631267001 

[61 6450001 \61 672700\ 

[61 671 900] [61 701 2001 

[58488820] 158554 489) 
[58488820] [58584 202] 

[585530041 [586224461 

[49370 1281 
[49370128] 
[49370128J 

[49 6Il 955] 

(49370 1281 

[61 701 200] 

[6\ 672 7001 

[61 671 9001 

161 645000] 

[58622 4461 

[58630729J 

[58622446] 

[58554 489] 

[58553004J 

1584888201 

[586224461 

[58554 489J 

[58553004] 

[58488820] 

[49848527J 

[49848527] 

[49607558J 

[496119551 

[49370128] 
[49370128] 

[498485271 

[49848527] 

[49607 5581 

[49592753] 
[496075581 
[49706936J 

[49848527J 

[498485271 

[63 111 700] 

[63098000] 

[63 126700] 

[63 112 100] 

[61 671 900] 

[61 701 2001 

[61 704800] 

[61 645000] 

[61 701 2001 

16l 672 7001 

[63 III 700] 

[63098000] 

[63 126700] 

[63112100] 

[585530041 

[58630729] 

[58488820J 

[58622446] 

[58554489J 
[58584202] 

[61 671 900J 

[61 704800J 

[61 645000] 

lnt. gf 

9.0-2 

\.0-1 

7.2-2 

7.9-2 

5.1-2 

5.7-2 

1.1-2 
3.21- 2 
8.13-2 

3.28-2 

5.13-3 

1.6-1 

1.6-1 

4.5-1 

4.50-1 

1.0- J 

5.5-2 

1.9 

9.6-2 

4.02-1 

4.05-1 

2.3-2 

2.2-2 

1.04 -I 

1.0-1 

4.2-2 

2.1 

4.2-2 

3.66-1 

3.69-1 

9.3-3 

3.6-1 

9.3-3 

3.59+8 
4.06+8 
1.22+9 

4.05+8 

2.60+8 

2.2 + 11 

7.3+ 10 

2.1+ 11 

2.15 + 11 

6.3+ 11 

2.1 + II 

8.9+ 11 

9.1 + 11 

3.1 + 11 

l.0 + 11 

4.84+ 11 

4.8+ 11 

2.1 + 12 

7.4 + 11 

6.61 + 12 

6.92 + 12 

8.7+ II 

3.0+ II 

Ace. 

E 

E 

E 

E 

E 

D 

B 
B 
B 

B 

B 

c 

D 

D 

c 

C 

c 

c 

c-

c 

c 

c 

D 

C+ 

c 

c+ 

C+ 

c-

c 

c 

C 

C 

D 

References 

81· 

81' 

81* 

81' 

81* 

81" 

81· 
81" 
81' 

81' 

81' 

81* 

81' 

81' 

81· 

81" 

81' 

81" 

81" 

81" 

81' 

81' 

81' 

81· 

81" 

81' 

81' 

81' 

81" 

81" 

81* 



7.5397C 

7.3993C 

7.2770C 

2.02552C 

2.01582C 

2.01179C 

1.950lC 

1.9476C 

1.9458C 

1.9423C 

1.9411 C 

1.9405C 

1.9386c 

1.9381 c 

1.9368c 

1.9412C 

1.9400c 

1.9361 c 

1.70781 C 

1.70583C 

1.62146C 

1.62071 C 

1.58412C 
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Classification 

Is4p IP'l 

ls5s ISO 

ls2s ISo ls5p IP'l 

2s2p 3P8 

Is2p 3~ 
o 

2s2p 3P8 

Is2p 3~ 

Is2p 1P'l 

2s2p Ip~ 

Is3p 3p~ 

Is4p IP'l 

Mn XXIV (He sequence) - Continued 

Energy Levels (em - 1) 

[49611 955] 

[493701281 

[49848527] 

[49607558] 

[49611 955] 

[49370128] 

o 

o 
o 

o 

[49848527] 

[49607558l 

[49 6J1 9551 
[49611 955] 

[49848527] 
[498485271 
[49848527] 

[49 7069361 
[496075581 
[49 706936] 
[496075581 
[49592753] 
[49607558] 

[49370 1281 
/49370 128J 
/49370 128] 

[49848527[ 

[497069361 
[496075581 

[49611 955] 

[498485271 

[49370 128] 

49607558 

o 

o 

o 

o 

o 

o 

/6] 701 200j 

[61 672 7001 

[63 III 7001 

[63098oooj 

[63 126700] 

[63 112 100] 

[49370128] 

[49607558] 
[497069361 

[49848527] 

11 00 850 000] 

[1008500001 

[1008850001 
[100917000] 

[101 1260001 
[101 192000] 
1101 2400001 

[101 192 ODD] 
[JOI 126000J 
[101 124000] 
[101 192000] 
[IOJ 192 DOD] 
[101 240 OOOJ 

[100885000] 
/100 917 OOOJ 
[101 0200001 

[101 3840001 

[101 3840001 
[101 384000] 

1101 297000] 

[101 659000J 

[1012970001 

(101 6590001 

[58554489] 

[58622446] 

[61 672 7001 

161 701 2001 

163 112 100] 

[63 1267001 

lnt. gJ 

8.9-2 

9.0-2 

3.6-3 

3.6-3 

3.6-2 

3.6-2 

MI 

5.94-2 
M2 

7.12-1 

1.5-2 

1.39 -1 

5.1-3 

5.1-2 

2.5-3 

2.46-2 

2.9+]2 

3.0+12 

4.2+ 11 

1.5 + 11 

1.5+12 

1.5+12 

1.42 + 8 

3.25 + 13 
4.82+9 

3.93+ 14 

1.1 + 13 

1.06+14 

4.3+ 12 

4.32 + 13 

2.2+ 12 

2.18+ 13 

Ace. 

c+ 

c+ 

c 

D 

c+ 

c+ 

B 

B 
B 

B 

E 

c+ 

E 

c+ 

E 

c+ 

References 

81* 

81· 

81' 

81" 

81' 

81' 

Bl' 
81* 

81' 

73 

73 

73 
73 

73 
73 
73 

73 
73 
73 
73 
73 
73 

73 
73 
73 

73 

73 
73 

73 

73 

73 

73 

81" 

81· 

81" 

81' 

81' 

81' 
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Mn xxv (H sequence) 

A CA) Classification Energy Levels (ern - I) Int. gf A (s-') Ace. References 

2377.5c as 2S 112 3p 2p"3i2 [61 4536401 [61 495689] 4.42-2 1.30+ 7 A 80· 

2313.7c 3p zP'l/2 3d 2D3/2 [61 4524041 [61 495612] 2.B4-2 8.83+6 A 80· 

704.047c 2s 'Slrl 2p 'P"3/2 [51 813492] [51 955 528} 2.49-2 8.36+7 A 80· 

29.95075c 3d 2D5/2 4f z
F'7", [61 5098171 [64848631] 5.82 5.41 + 12 A 80' 

29.85106c 3p 2P"3i2 4d 2D5fl [61 495689J [64 845 (54) 2.24 2.79 + 12 A 80' 

29.53293c as 2SJ", 4p 21'3", [61 453640J [64839691] 6.56-1 1.26+ 12 A 80' 

20.481Blc 3d 2D5(.l 5f 2F'7/2 [61 509817] [66 392 198] 8.96-1 1.78+12 A 80' 

20.42907c 3p 2P"3/2 5d 2D5fl [61 495 689J [66390674] 5.03-1 1.34+12 A 80· 

20.26761c as 2S I/2 5p 2P"312 [61 4536401 [66387620] 1.63-1 6.63+ 11 A 80' 

1O.466503c 2p 2P3/2 3d 205/2 151 9555281 [61 509 817J 2.51 2.55+ 13 A BO· 

10.328234c 2s 2S 112 3p 21'3/2 [51 813492] [61 495689J 5.90-1 9.22 + 12 A 80' 

7.757876c 2p 21'3/2 4d 2Dsrl [51 9555281 [64845654] 4.39-1 8.12+12 A 80' 

7.676836c 2s 281/2 4p 21'3rl 151 813492] [64839691J 1.39-1 3.93+ 12 A 80' 

6.927536c 2p 2P3r. 5d 2D5/2 [51 9555281 [66390674] 1.60-1 3.71+ 12 A 80' 

6.861474c 2s 28 112 5p 21'3/2 [51 813 492J [66387620] 5.66-2 2.00+ 12 A 80· 

1.930147c Is 281/" 2p 2.P'j/2 0 [51 809520) 2.80-1 2.50+ 14 A 80· 
1.924723c 

1/2 312 0 [51 955 52B] 5.61-1 2.52+ 14 A 80· 

1.62727Bc Is 28,,2 3p 2.P'j/2 0 [61 452 404] 5.32-2 6.70+13 A 80· 

1.626130c 
1/2 3/2 0 [6\ 495689] 1.06-1 6.71+ 13 A 80· 

1.542265c Is 281t• 4p 21'3/2 0 [64839691] 3.90-2 2.73+ 13 A 80· 

1.506305c Is 2S 112 5p 2P"3!2 0 [66387620] 1.87 -2 1.38 + 13 A 80' 
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5. Explanation of Grotrian Diagrams 

Notations on the Diagrams generally have the same 
meanings as for the Tables (see Explanation of Tables). 

Abscissa 
Energies of the levels in cm -I • 

Short vertical lines 
Energy levels are indicated as the vertical lines. 
The electronic configuration (with the parentage 
in parentheses) and the level energy in cm- I are 
given to the right of the vertical line, and at the 
top is the J value. Energy levels with the same LS 
label for the upper term are grouped together. 

The term designation is given at the right of the 
diagram; the ordering is by increasing 
multiplicity and orbital angular momentum. For 
the lower level, the term is adjacent to the 
configuration. 

Horizontal lines 

Limit 

Transitions between levels. The number below 
each line gives the transition wavelength in 
Angstroms (10-8 em). Heavier dashed lines indi­
cate resonance transitions with absorption oscil­
lator strengths f ~ 0.01. 

Principal ionization limit in cm- 1 and eV. 
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6. Grotrian Diagrams for Mn VII through Mn xxv 

o 1 o 2 o 3 o 4 0.5 0.6 0.7 0.8 

""~ 3p 5 3d(3p'}4s 
---------------------------------i42~6i5--------------------------------. 

142.028 
141. 7 57 

""'" 
~---------------------------------i~r~38---------------- 3

p
5(2p'l3d

2

(3
P

l 
J 84 .161 

---------------------------------183~1o~---------------- ~ 544342 

------------------247~73-----------------
245.139 
244.935 1'- 408273 

L- 404085 
N'_ 

NIU 

~--------------2"'5~2~.~6~O-------------4i ~ 
I~------------~~~~------------~: 
~--------------~~~~~~:~~;~~--------------HIL~ 399795 

395633 

- 541894 

L... 

- 705425 
701189 

I~N_""----------------------_--"'"'O'i"'----------------__ ------_t1 3 p '3 d eo' )4. 
133.875 
133.655 

~------------------------------------ij~~j6-----------------------------------
133.417 '-

N'W 
NI", 

149532 
748302 

II 3p'3d('D' )4. 
134.972 
134.628 ~ 144126 

740894 
N,,,, 
""'" 
3p'(2 p '13d 2(3 P l 

183.141 
182.945 ._---_. 

"{{i~~F' ._----
~ 5p949 

L- 5 7367 

J 1 Z. 060 

111.889 

114.380 

114.205 
N'W 

0.9 

r 
3 

NI" 

L3 pS 91 
893730 

N'W 

\ 3 pSSI 
893730 

""" L3p S Sf 
875620 

N,,,, 

j 3 p 6 81 
875620 

NI-'> 

117.978 
11 3p 67f 
II 

117.? 93 ~ 84H954 
84 947 

I I I I 

Mn VII(K -Sequence) 
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Energy ( in lO6 cm -l) 

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 
IT I 

N"" N'~ 

123.993 
II 3 p 66 f 
IT 

123.790 807835 
807820 

",,,,, 
N'~ 

II 3p 53d( 1,,' )4. 
135.148 fJ 
134.190 H6~50 

739 30 

N'''' "',.., 
w 

135.609 ... 
'" 135.475 ':!: 

135.362 t 739482 
738765 

"'H 

I~N_'~------------------------------~"Mr----------------------~III~;53d(3F')4' 
139.595 

--------------------------------------ii{~~iT-----------------------------i~ mm 
"" '" "" .... 

1t--------------------------------,1<62°.c6"Sn9--------------~1 ~ 
1t--------------------------------fly62~.~6i5F6---------------#: 

162.336 1'- 616132 
I..... 616007 

1~--------------------------------.-.,.,-"""..----41 3 p 5( 2 pO) 3 d 2( 3 F ) 

---------------------------------------igt~~;{-----
202.840 .... 494337 

:- 489916 

------------------}}~~i~t----------------- 1L ib~g~l 

253.654 
252.985 

""'" N' .... 

136.177 
135.900 
135.532 
135.394 

396618 
394 238 

'-

"".., 
""'" "',w ""-

3p 5 Sd (30' )4. 

C:: 
'--
--

738585 
737833 
737173 
735676 

1t---------------------------~14ill-. 0,04".;--------------------------111 3p 5 3 d ( 3 F' lh 

14 :323 
139.862 

I I I 

Mn VII(K-Sequence) 

'-
--

I 

714990 
712642 
710337 

I 

1.0 

r 
3 

-

-

I 
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0.2 0.4 0.6 0.8 1 0 1 2 1 4 I 6 
I I r 

- 3 -. 
--------------i81~1~~-------------~3pS~~9214 ~ -..... 

CD-... "" 
'" Ipo <.n to 

'" 0 
0 <0 

D 
0 

~n 

3 
I -

0 

N -
66B.288 + l3s3p6Sd 

688850 

w N 

+ 382.666 
l3S3p63d 

688850 

"" N '" 

! I 378.482 
l3S3p63d 

371.090 688850 
N '" 
+ 371.695 

l3s3p63d 
688850 

"'", '" 

~ 344.493 
l3S3

p6 3d ID 
340.234 688850 

N 

'" 
I 323.182 

l3s3p SSd 
688850 

//4 
\1

1

"""" ", l ~ .r:::::,:" 30 2 3p 5 3d 3 F ' 

38 2 gp 5 3d '0' 

4 24 6~1 3s2 3p'Sd 3D' 
419 I 

3s 23p 53d 'F' 374 
3 4 
3 1 

319993 

-
"" IF 1 f 

139.93 1134500 

w 
~ 

IG 
t 141.76 

l3p 54f 
1124800 

13p 5 3d 
3po 

266.181 375710 

I I I I 

Mn VIII(Ar-Sequence) 
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0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 
I I r' 

<> N 3 
'" '" 

'" ~ ~ 

35.48 '" 
~ 

'" 
",,-

135.15 .. .... c.n 
• C> 

135.06 "" "" C> 0 
134.79 <"" 
134.69 <=> 

'- 1119900 ~n 

~ 1117600 3 
1116100 I -

'" 
"'", 
11 3s3 p 5 3d 

415.348 11 
413.582 mm -'" '" N' '" ..., 
HI.' 3 

y .. 
410.374 .., 

'" 409.270 .. 
408.685 

Q. 

408.206 
400.075 ~ 669326 - 668308 - 667677 

N 

N '" 
403.h 

'lI 3s3p
6

3d 

1 402.H~ U 
400.781 IL ~p326 L- S308 

'-- 667677 .. N 3D 
'" '" N 

'" 
3 1.586 y .. 
370.7,!2 

.., 
'" 365.779 '" 

364.42 '" 
360.373 669326 

~ 668308 
667677 

<> 
N 

'" 
34 .602 

.. 
'" 346.842 '" 0> 

~.j5.617 ..., 
342.501 

... 
3.\ . 70 
J'\O.l14 '- 669326 

I..-
66,308 
6S 677 

,ra- III",,, ',' 
lr:~~~~,!, 

'F' 

3. 2 Sp 5 Sd J F , 

3. 2 3 p 5 Sd 'D' 

S.23p 5 3d 3D' 

mK~7 41 74 r8564 

I..- ~tm 
L-

379993 
3757!0 I..- 3736 a 

I 3p 53 d 
236.218 423337 

3DO 
<> 

~ 0 
t I J I -.l 

Mn VIII(Ar-Sequence) 
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0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 
I 

r 

.. 3 
L3 p 5 41 ~ ~ 

141.29 <.0 -1I35300 -""'-" 
"" '" <J1 CD 

t: P541 C\) 0 

HO.H <0 
?Jp 113,,2~Q ~o 

n 
3 

-- L, 
I 

r" ',,- -
." 

en 

'" Q. 

427531 
424641 w 

" 
-

~ "' .. W 
N '" 

l=- 13'.92 l~ 137.82 
\37.50 IJ 23600 

1120500 
1119100 

3G 

-
~ ______________________ -.~~ _______________________ ~l 1/2l4d 

96.332 1038100 

~ ________________ ----o~;-;.-__________ --____ ----11 3 p O( 2 P 3 /2 )4 d 
97.411 1026600 

I I I I I 

Mn VIII(Ar-Sequence) 
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0.2 0.4 0.6 0.8 1.0 ],2 
I I 

""-... "_'_-__________ ----."' ... __________ -;1 3s 2 ap4( I D)4 d 
IT 89.448 

B S. 423 1130700 

"'.-
t-----------~i"IIT_.;_;;y_---_--_11 3. zSp'( 'S)4o 

105.256 950060 

"'.-
I~"-' ----.."..,.,.....,.-----il 3 s 2 3 p 4( I D )3 d 

-----------t~}+i-----------_l 501710 

NIW 

""­NI_ 

I~-----------_....."";_;;_----------_+I a. 2 ap·' I D)4 d 
88.923 

194. 61 
II 191.60 

189.98 

88.7 3 
8' .958 
87.79 

113.080 
112.415 
111.500 

526380 
- 521840 

.:. mm 

1139000 
1 37000 

Mn IX( CI-Seq u ence) 

1.4 1.6 1.8 

r _. 
3 _ . 

~ ~ 

"" ",,-
~-.] 

00 
00 '" 

'" '" <:0 
<::> 

~" 
3 

I -
2S 

2p 

I I I 
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Energy (in l06 cm -l) 

0.2 0.4 0.6 
I 

o 8 1 0 1 2 

.. ,," ""w 
l+l-------------------------o808.02T5·8----------------------~3'23P·(lD)(d 

87.552 
81.21 1145700 

1I42200 

1lt----------------------.g;;I-. no -----------------------+l 3,23 p' ( 3 P )U 

1I 90.134 
90.034 1_'- 1110700 

!109S00 

Ir-----------------------. ..... .,.,.-------------U 1111 3 s 23 p'( , D ) h 
1l1.262 H 
109.783 

"''''' 

911310 
910890 

+-________________ --.-....,--,""' ______________ -----+111'" ~; 2 3 p' ( 3 P )h 
114.472 11 
113.621 mm 

I I I I 

Mn IX(CI-Sequence) 
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0.2 0.4 

t---"-"..,,..-,.~---+l3 s 3 p 5 
333.798 333402 

4539.4° 
4200.3 c 

2956.0< 
33820 

0.6 

-
<:l 

0.8 1.0 1.2 1.4 
I 

N 

l 3s23p3(2D' )4d 
t-----------oa;;-a ,"076"8 ----------t 1237650 

I 

Mn XeS-Sequence) 

1.6 1.8 
I I 

I 

2.0 

r 

3 

~"" 00° 
• 0 

w "" 
" 0 <0 

<:::) 
~n 

3 

2.2 

-

I 
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0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 
i 

t"" 

'" 
y :3 -. 

I l3s 231> '( 2 O')~ d ~ ~ 

82.828 "" "" 1241140 ",. 

00 <:> 
N 

w <::> 

L3s23p3(2n' )3d 
w w 

4 " '" 193.43 <0 lFO 550800 0 
~n 

3 
I [,23p' 'n 
-

33820 

-
-
" -

135 23 p 3(·S·)" 
104.806 
104.608 I 
103.521 965970 

3So 
N 

r" 3p 

1179~ 

A
001 

-" 
~3s23p' 9978.3° 3p . 84H .• c 

'- mn 

-", - 35 2 3 p 3(2D' )3d 
20 .I~ 

--------{{i~~~--------- ,'- (92770 
'- 492320 

N 
-N , 21S.11 
~3s23P3(2D' l3d 

217.88 mp8 3po 492 2 
"'-

-0 c 

'" 398.322 .. 
'" 388.988 " '" 386.316 

--!ii3':-oTf-' 
379.368 
n1.905 .... 273615 

268874 
'-- 261072 

I I I 

Mn XeS-Sequence) 
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o 2 o 4 o 6 o 8 1 0 1 2 1.4 1.6 1.8 2.0 2.2 
I I -) I 

r _. 
N 3 - "' 113s<3 p 3('S'l4d ~ ... 

"""" 84.292 .... 0 
83.518 l:: 1197350 :"'0 

1196370 we.> 
" 0 N <0 - " 0 " 3. 2 3 p 3(2 D ,)" ~o 

:I 102.030 
101.854 .!. 
101.808 
100.787 
100.585 

'- ~m~~ 
'-- 991860 

-" 3n° 3. 2 3 p 3(·S'l3d 
195.85 
195.03 
194.37 
194.30 
192.08 524520 - 520620 - 514670 

N 

r'" 3 p 

11797 
10019 

I 0 
I I I I I I I I 

Mn X(S-Sequence) 
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0.5 ],0 1.5 2.0 2.5 
, 

N,y t)\- '3 
p'(lD)4d ~ ~ 

16.Ho8 '" 1374650 g;~ 
N'~ N'- . '" c ...., 

~ L,JP' " "" 321.268 <eo 
322.421 ::::> 

2S 319093 -n 
3 , -["'" ',' 

73552 
68945 

:-';',U' N'~ 

I 94.327 
L3,23p2( 'p )4, 

1102840 
"'.w N,W f.;,..." 

j~ 202.39~ 
l3,2 3 p 2(lD)3d 

201.04' 536800 
""- "'-N.w "',w 

II 216.60 
3,23p2(lD)3d 

11 215.86 
" 213.75 1"- 536800 

~ 530620 

""w r..-:u 

"''''' "'.-

I! 235.55 
~3'23P2(1P)3d 

228.52 06980 
467240 

""- ""w 2p ""w ""-
'" II 347.404 
'" II 341.929 " . 

" 336.995 L: 365689 
361400 

N'''' ""w 
N"" ""-

w 
3 J 3. 777 . 

w 
31U.547 .., .. 
306.458 t: 365689 

361400 

- I 

~r'" 
'p' 

'" . 
'" w 

'" 73552 w 

68945 N 
42702 I:> 
39384 

""w ""w 

""-""w 

t~ 
3809.5 c 

3381.9 c 

3240.5' 
2925.9< 

73552 
68945 

""-""'" 
-t3523PJ 1450.49 

2po -- 1359.59 
73552 
68945 

'<0 

.... 
""w 

lr'" 'D' . 
N 

'"' 
" 

42702 I 0 39384 '" 
I I 

Mn XI(P-Sequence) 
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0.5 1.0 
I I 

"',w 
>------------;;c;-;"""-----,..,' pZ( I 0 l4. 

95.390 1121880 

l 3S 23P2(! 0)4. 
~,-------------------.9~2~.7~5-----------1 1120870 

204.29 
202.38 :'--

N'''' 

563060 
561400 

+--------:--::-:--:-:-0,,-----11 3 s 23 p 2 ( I 0 )3 d 
194.01" 515430 

N'''' N1- NII.1l 

I .. "'_'_"' __ -.,--::-__ ..,.---~: 3 s 2 3 p 2 ( I D ) 3 d 
226.42" 

224.08" 

II 211.54 
II 210.16 
" 210.06" 

" 361.668" L 

-­",.., 

'-

l~r·::.:~· ~ 68945 
427 02 
39384 o 

il.- 515430 
'-- 515210 

UL972 C 

41Z.66Z c 
407.188 c 

315881 
314532 

315881 
314532 

I 

1.5 

I 

Mn XI<P-Sequence) 

2.0 2.5 , T 
r -. 
3 

~ -
"""" 00"" 
:"0 
0"'" 
'" 0 
<0 

<:> 
~(") 

3 
..!. 

-

~ 
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o 5 
I 

I 0 
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!.s 

N'~ 

~t ====================~7~5~. ~8 7~9c:==================]~N ~: 
2

3 p 2( I D H d . 75.819 -
1361630 
1360590 

N,,, N'" 
t"r -----;;:;;-;;---;=-----.ll3• 2 3 p 2 ( 3 P )3 d 

200.67 541030 

N'''' 
t:==~-------7:7 5~.A4?7 77 ---------.. 1.1 IIN~: 23 p2( 3 P l4 d 

75.059 11 
NI­

N,W 

1L 1332280 
L 1324910 

r----------"'92" ..... 7 .... 5 --------l1'1"'~:2 3 p 2( 3
p

)4o 

"''''' ""w ""-

92.240 II 
91.646 [L '- 1091160 - mm~ 

Nt<" 

t-___________ .....--=.-------------.ll3 .23 pZ(' P)4 d 
75.227 1329310 

I I 

Mn XICP-Sequence) 
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r 
3 -. 

~ ~ 

"" "" 00 

"" w 
0 

o -.J 
~ 0 
<0 

0 
~n 

3 
.:. 

2F 

4p 

-

I I 
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0.5 
I 

l 
.... ~13 ,-2 3P-2 -, S -----------,~ 

L 82830 N 

42140 

+----,;;-;;-;; .... -----4L3' 23 P 3 d 
237.78 462700 

N 

't-----.-; ..... ....-----... L3. 2 3 p 3 d 
219.54 462700 

'" +-"""",;---;<-.;---9L3. 3 P 3 
342.67 333970 

1.0 1.5 

'" 
+-------------~""-----------__4' 4d 

7\.69 1437000 

w 

t-----,;-;"'-.----~L3 • 2 3 p 3 d 
210.43 517360 

w 

't----:-::-:--::-:-.------jL3 s 2 3 p 3 d 
199.06

c 
511360 

1 1 I 

2.0 2.5 

r 
3 

3.0 

-

-

Mn XII(Si-Sequence) 
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-
I", 

1~~26~9~. 8~2-....Il ~ 
m-_2;.;6;..:;4..:.:. 2:;;;6'---11 'Ow 

259.33 

-N 

0.5 

385630 

SHIRAI ET AL. 

1.0 1.5 

-N 

11 
86.71 
85.72 
85.19 

1t--______ IT=-rr-_____ -l+~h23P 4. 

1181300 
1168300 

-N "'_ 

I" 3s 2 3p3d 
IT 228.61 

111 224.62 
217.39 !'- 460000 

'- 452420 

~-N 

(~ 
2696 c 

2674 0 

2554 0 

2535 c 
303990 
303690 

-" .., 
346.40 c .. 

'" 346.04 ." 
w 337.29 

336.94< 
-""- .... ----_. 329.28 

- 3OU9O 
30 90 

[

aS 3 P 3 3D' 

L 266610 
264550 

15010 Faa 
I I 

2.0 

I 

Mn XIICSi-Sequence) 
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S 
~ -
~"" ",.VI 
• W 

"'" "" '" <::> 
<:"" 
~o 

n 
3 

I 

3.0 
I 

3p 
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0.5 1.0 1.5 2.0 2.5 3.0 

'r 
N 3 -", w 

3. 2 3p4d ~ ... 
11 1. 32 ;:::"" 

71. 04 ... '"" w 
7 O. 72 l': 1417100 

.... CI'l 

'" "" 14148°8 <:"" '-- 1414 0 "" ~n 

:I 
'" 

u 

..:. 
485.58 c I l3s 23 p 3d 

472550 

N u 

I l3. 2
3 P 3d 

232.34° 412550 -N 
-N W 

W 

218.70 ~ 

'" 218.56 '"' '" 216.12 "" 215.03 
0. 

212. BJ 472550 
L- 472260 3n° '-- 469900 

N 
.., 

I l3. 3p 3 445.49 c 
266610 - N 

N '" 
"" 400.74 c 
y 

'" 397.46 11 '" w 388.58 
, 386.27 
'- 266610 
L- 264550 
'-- 258890 

,.::. 

I l.23 p 2 op 

0 

I L' 3P
3 3

D
' 3,2 3p 2 'D 

266610 
42140 ;mo 

0 

-
N '" 
I l3 s2 3p 4d 3Fo 70.89 

1425600 

-
N i===t3 ,3p3 552.84 5So 529.79 

195900 

1 I 
I 

Mn XII(Si-Sequence) 

J. Phya. Chern. Ref. Data, Vol. 23, No.2, 1994 



236 

0.5 

361434 
360396 

",,_ 
NI'" """, 

],0 
I 

t-----;;-;;-;;--;;c;;--J"111 3 s 3 p ( I l' • ) 3 d 
293.268 J1 
290.114 IL 785399 

L. 781681 

239.255 
237.369 I ..... 

'-

""-

785399 
181681 

!-I ---:::-::-:-;:-;:-:::-,....-1l3. 3 p ( 1 p' l3 d 
225.B9S c 781681 

"".., 
I l3 s 3 p (l p 'l3d t----~19;-:7;-. 9~5=-:;O:<:e--1 781 681 

255.288 152110 

! 242.066 
l3s3p( 3 p ' l3d 

752110 

""W ""_ 
+-1 ----:-::-::--::-:-::",-.,l3 s 3 p ( 3 P , ) 3 d 

183.936
e 

752110 

SHIRAI ET AL. 

1.5 

/ /"r.... 

lll.b·,~ " 
3s3p' 's 

3s3p' 2p 

~ 

2.0 

Mn XIII(Al-Sequence) 
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3 
~ -
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<~ 
~n 
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.:. 

3.0 

-
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0.5 ],0 1.5 2.0 2.5 3.0 
1 I 

r 
I _. 

""-""W 
t~W 

:3 
N'''' 

IL 
~ ... 

266.429"1 "w """" ...... -> 
260.928" :"--.1 
256.B36 c 

591797 C> -
'" 0 

""- N,.~7w <0 
""w 0 

"'.1<5' J9~ 
~'" 

3 
434.097c w I 

425.038 -
597797 
595669 

""-
""- ""w 

lB9.607 c 

t====t~ 386.403 c 
597797 
595669 

""w ""-
liN I 0'1 "''''' 

'" 2po 
II 313.337 

.., 
w 

3 2.802 

" 311.242 i'- 597797 c..... 595669 

""w 

S.23p 6536.3 
Il... J 5295 

",,- r' ,r ...... 

III .... , " '" l ~ r':!::!1 
w 

N 

"" ." 3s3p2 2D 

N 3s3p2 25 .., . 339000 
27B 106 
27 504 

222463 
214550 

'--- 208443 
0 

""W 
""W "'". 

113. 2 4d 
67.215 II 
66.514 1503060 

1502090 
""W 

""w !rN~u\ 
235.054 11;: 
234.235 

----'r~'ll790r--- '" IL 442217 
'- 440721 

""w 2D Nlw "''''' ..., 
382.835 C 

~ 

'" 380.501 

~-~------ " '" 361.659 
1"- 278106 
'- 276504 

",,-

r' 2 p ' 

15295 

I 0 
I , _I 

Mn XIIICAl-Seq uence) 
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0.5 l.0 1.5 2.0 2.5 3.0 
I I 

r--_. 
""- "'"., :3 <v'w N'", _. 
U 

~3S3P{IP' l3d ~ ~ 

2~8.675 ;;;:"" w..., 2 6.723 . ...., 786410 
782835 "" ,.... 

'" "" ""~ N:V"'1o.1' <:~ N'", 

3s3p! I p' )3d ~(') 

Ii 293.581 3 
290.539 ..:.. 
289.277' ..... 7~6410 - 1 2835 

',,,w ",'w 

""'" ""'" 
11 11 3s3p(3p')3d 
II 257.234 11 
" 256.491 666857 

666372 2DO 
""'" N~~", 
""'" 

387.585 E=f 385.827 
383.456 c 

537290 
5H512 

~ 

r~ r" '" I 
'" ~ 
'" " 

N 442211 
N 

Cl 440121 N 

367434 ." 

360396 
218106 
216504 

-
N~~\1\ "" '" N,.., 

II 87.40 rS241 

87.30 1586400 
1586200 

""'" "''''' 
I 252.506° 

l3s3 p('P'13d 
763464 

""w ""'" "''''' ""'" 
11 Ss3p(lp' )3d 
11 313.80 I 
11 311.287" 
" 309.851 "- 763464 - 160893 

""~ """, 

""'" "',," 
" 3s3p(lp')3d 
II 207.130 

206.03S c 2FO 
Z05.350 1'- 763464 

L- 160893 

N'", 
N'.., 

+ 185.725 c l3S3p( 1 p' )3d 
760893 

"''''' 
I 206.860" 

N'''' 
l3s3p(3p' )3d 

705882 

- I l frr" 2D 

~ ~ 442217 

.., 
'" w .., 

N 

'" -0 440721 
.. 

367434 -0 

278106 
276504 

222463 

I I I I I 

Mn XIII(Al-Sequence) 
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Energy (in lO6 cm -l) 

0.5 1.0 1.5 2.0 2.5 3.0 

r 
NIl..' "''''' 3 N, .... 

397.599 c ~""("'»' w"" 
395.248 c ""'....., 

~....., 
379.269 c 

O'l ~ 
705882 " = 693721 <:0 = "'''' ~C'l w,'" ",.., S "''''' 3s3p('P'l3d Ii I 

II 240.604' -
II Z39.680 2FO 
" 233.767 iL... 70~882 

"- 69 727 

r r' " 442217 
440121 

278106 
276504 

NIW Nrw:3 

559.397° t----l3P 
SHiga 

""'" l 3p 3 310.791' 
546198 

"',-""w ""'" 

l~ 308·U~ l~ 5HIga 
4So 301. 25 

296. 3 

h 

I ih3p2.p 

~l 
L53P2 2p 

SsSp2 2D 

361434 
276504 

222463 
21(550 
208U3 

-
""-
N'''' +--lS 5 3 p 2 7230.7' 

""- 222463 
"""" N'''' 

!9~ 
517.56 
501.20 
482.55 
479.27 

2224p 4p 2H5 0 
208443 

I -""-

~ 
lS3i>2 'p 

.., .. 
N ... 

't! 

208U3 N 

p295 ." 

I I I I I I I 

Mn XIII( AI-Seq uence) 
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0.5 LO 

79.16 

233. 6 
228.264 
227.445 
225.126 c 654217 

~ mm 

11--_---",;;-;:-,..,..,._1-li13 s 3p(3p')3d 
232.158 
231.868 
229.305 
228.500 
227.704 '-

-
c'::: 

653730 
653204 
646080 
644448 

.. 
." 

SHIRAI ET AL. 

Energy (in lO6 cm-l) 

1.5 2.0 

""" I 3ph 
1485730 

I 

Mn XIII(Al-Sequence) 

J. Phyl. Cham. Ref. Data, Vol. 23, No.2, 1994 

2.5 3.0 

r 
3 

:;:'" 
",,-..1 . ...., 
Cf> ~ 

'" <::> 
<0 <::> 
~n 

:3 
.!. 

4po 

I 
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0.5 
I 

13• 3P 'pO 

L 328042 

1.0 1.5 
I I 

2.0 2.5 
I I 

-
1 306 p 

1--------------'3"'8r .. ~ '_4--------------1 2594100 

------------------------------------13:74--------------------------~3s5;286200 

------------------------------------1~:3i~-------~3s4~685600 

343.84 +-----+l3 p 3 d 
1002823 

+--~.---.,---;l3 p 3 d 
251.24 1002823 

________ J as3p 304.84 

1.. 328042 

t o 

I~ /3 s 3d 'D 

~ L 711986 
614024 

4 9.42 

'" 1-__________ """" ___ --+1 s4d 
67.02 1820100 

N 

, ___ -+L3d 2 
327.288 +-

1308364 

'" 
t--;;-;;-"",...,--tL3 d 2 

235.520 1308364 

t--;;-;c"",.---tL3 s 3 d 
260.45 711986 

II l;; 349.44 
+!-_. __ ---+_ N 335.98 

521074 

~~~ " .. " l lP3d Ipo t., 
"" '" "" 1002823 -

883772 0 
0 

23P05 
22 438 

" 

I I 

'" 1 
2351500 

~ 

Mn XIV(Mg-Sequence) 

3.0 

r 
:3 

3.5 

-

..l 
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0.5 1.0 1.5 2.0 
I I 

'" 582.12 ~ 3p3d 
~ 883112 

.-.-..... ,......-,..---. .... 1 3 p 3 d 
275.71 L 883112 

+---------.... Tr------~l3P4d 
63.45 2097100 

t-------...-;;o-------il3 s 41 
84.09 1901300 

358.31 .-.----+l3 p 3 d 
991071 

.-.-----..,.,-...... --+l3 p 3 d 
221.65 991071 

.-.---,;-;-;;-........---+l3 p 3 d 
212.77 991011 

Is.3d '0 

L 711986 
539919 

521074 

I 
w 

" " -
'" 

1901300 

2.5 

1-------... ........ .--------+L3p 41 
83.18 2184700 

L3d 2 

311.639 t-I-----+ 1311955 

13P3d 'F' 

L 991071 

~-------------n~r------------_1l3.6. 
0.00 2560500 

+-------------""-,,---.---------iLSss. 
50.03 2233700 

I 

Mn XIV(Mg-Sequence) 
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En e rgy (i n lO6 cm -l) 

1.0 1.5 2.0 2.5 3.0 0.5 3.5 
I 

o 

'" 

~
13'3P 3p' 

L 234 905 
223438 
218604 

I 

+=-----L 3 P Z 47 !. 9 4 
o 539919 

0_ 

'" '" 

~~r 
343.43 
339.25 
330.41 
327.85 
325.22 
315.98 

539919 
526089 
518209 

~ ['" ',' 
328042 

23P05 
22 438 
218604 

57.71 
L3P4P 

1967700 

U 74.961 
H .327 
74.063 1568900 

-", 

11 
58.19 U 
57.81 t:' 1964700 

1953400 

I .. 
w 

"" .., 
w 

." 

'" 
~--------------~~'--------------41 4d 

63.23 2121400 

~--------------~~---------4l3P.' 
75.94 1856700 

354.29 
339.10 

I 

'" 
" II .64.71 
II 255.36 

248.87 

928282 
917698 

II 248.63 
L 928282 
'- 927907 
'-- 917698 

~
:[3s3d 3D 

." L 635446 
633381 

539919 
526089 

I r J I 

Mn XIV(Mg-Sequence) 

, 
r 
8 

~ ... ... 
oW 
w'" • c.n 
00 

'" 0 <:0 
0 

~" 
:3 
.:. 

3p 

-
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0.5 1.0 
I 

SHIRAI ET Ai.. 

1.5 2.0 
I 

2.5 

w 

'" 
~\! __________ -*41.~12 __________ ~'\; 

41.51 ~-
a 

N 

It-t ___ ~80":;'0F-6 --------+l~ 8 O. 06 -. 
w 

N 

H= ____ -IT80~.46~------~!1~ 
80.27 1!::--

N 
W 

232928° 23213 0 
2321200 

2171200 

+------------;-:;-:~---_il3P4P 
51.97! 1959900 

N 
w 

11~------------------------~6~3r.~14~6------U1 ~ 
11~------------------------~6~3~.~10~9-----,~: 

" 
'" 

N 
W 

'" 
11~_2;!5:.;O.:.:;. 4~ 5-4\.1 ; 

249.66 -
243.93 
243.46 
241.10 

234905 
223438 
218604 

635446 
634185 
633381 

~r,,:::, ~ 928282 
927 907 
921351 

62.713 
62.694 
62.526 

--
1819500 
1818500 
1818000 

~! ______ ~64.~23 __ ----~H; 
64.03 ~-

539919 
526089 

I I 

Mn XIV(Mg-Sequence) 
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2632500 
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3 
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-
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0.5 1.0 1.5 2.0 2.5 3.0 3.5 
I r 

'" -w 3 
-", N 

I '" 
~ .-

258.\0 " 
..,. 

'" 
0'-" 

257.24 '" w'" • U1 

I II 250.33 =0 

" "" 248.41 928654 <"" - ~27351 = ~(") 
L.- 17685 3 

I 

N 
w -

I 246.14 
L3p3d 

_ 927351 
N 

w 
W 

N 

352.73 9; 3DO 
342.58 
339.60 

928654 
927i5! 917 8 

,-;;; 

lisp 2 1 D 

~~ r" ~ mH' 

3p2 3p 

634185 
539919 
526089 

52107~ 
-- 5182 9 

-
-w '" . 
H 81. 0 5 ~; 81.05 

21~123° 21 15 0 

N 
W 

I 79.10 
L3PH 

N 
2148000 

N w 
W ~ .. 
"' w 

III 2~1.361 "" N 

III 246.633 

'" 242.646 '- 1281415 - 127983, - 127854 
N -W 

W .. 

"'''1t=r 282.44 N 

277.11 3F 1281415 
1279838 
1278547 

N 
N 

w -
285.(92) ! ~~ 276.131 

1279838 
1278547 

,?--

II I"" ',' ll":,:::· 3p3d 1 D' 

3p3d 3 p ' 
928282 
927351 

917698 
917685 

883772 
883 3°9 - 814 67 - 866417 

I I I I 

Mn XIV(Mg-Sequence) 
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246 SHIRAI ET AL 

Energy (i n lO6 cm -l) 

0.5 1.0 1.5 2.0 2.5 3.0 3.5 
T r 

:I 

lS56f 
~ ,... 

49.63 .... w 
2650400 ~"" • <J1 

"" 0 
l35Sf ... <=> 

57.224 <:0 
2383000 0 

~(') 

3 
l3p4d I 

63.46 ~ 

N 
2096900 

'" .. 
u 

l; m 
79.826 
79.761 
79.120 1888200 

1887900 
I BB7SDO 

N 

'" 
W 

U 
.. 

3Fo 
430.S1 

~: .29.13 ' to> 

"" 418.S1 
416.35 
402.96 

~83609 
74367 

866417 

289.56 
l3P3d 

866411 

r r' '" '" 635446 
634185 
633381 

521074 

N w .. ", U .. 

m r· 54 l; 78.42 
8.35 2159900 

Hm88 
3G 

(''' ,,-
883609 
814367 
866417 

I I I I I 

Mn XIV(Mg-Sequence) 
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Energy (i n lO6 cm-l) 

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 
T 

r 
:3 

~ ... 
"'-WW 
<.n"" . '" 
- <.0 
'" 00 

"" "" " 0 <C""l 
~3 

I -
""-""'" 

II 1~0~ 
189 

ep67
• 

2953000 
N~7w ""-
~! s ~. OJ ~ 

84.56 
l

2p
6

75 

2953000 
""-
""'" 

l
2p

6
7s II 37.4 

37.12 2953000 
""-N,,,, ep66

• 
318.6 c 

II 315. J C 
2142000 

""-""'" ep6S

• 
2S n 10~.6~ 

102.9 274 2000 

""-""w 
l2p

B
6. U 40.572 

40.285 27(2000 

""- ""-"".., 

~ 167.2~ 
J65.3 

l 2p
6
5• 

2375200 
"',-

N'W ep6S
• II 47.666 

47.270 2375200 
NrJiw 

l2 p6
,. ~ 71.927 

71.038 1667500 

~~ ~~ r'5' ',' 
2428100 
2424600 

1777100 
1770400 

~77018 
59914 

30.81 
/"~;610P 

3246000 

""w 
I 21' B91> 

31. 37 3188000 
2po 

"',-

eB3s 2S 

I 0 
I I , I , 

Mn XV(Na-Sequence) 
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Energy (i n lO6 cm -l) 

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 
I I r 

:3 
~ .... .... 
wW 

"""" • 0 

- to ClOO 
"""" " <::> <: n 
~:3 

.!. 

163.7 t 
L2 p6 8P 

3102700 
""-""'" 

163.5 t 
L2p6 8P 

3102700 

S3.68S e L2p6 Sp 
3102700 

""-""'" 
83.619 t L2 p6

8p 
3102700 

40.501 t 
pp6 Sp 

3102700 
""-""'" 

40.46S c L2p 6Sp 
3102700 

""-.... ,.., 

32.230 
I 2p 6 81' 

3102700 2po 

207.7 e l2p6 7P 
2973100 

""-""w 

207.5" 
l2p 6

7p 
2973100 

93.870 e l 2p 5 1p 
2973100 

""-""w 

93.782 e l2 p6 1p 
2973100 

IN'W 

42.745' 2973100 
""-""w l 2p 61p 

42.704 c 2973100 
~ ~::; 

I 2p 6 7p 
33.635 2973100 

r ~ ~ r'S' " 
2491700 
2491100 

1907800 
1906800 

633637 
631398 

I I I I I I 

Mn XV(Na-Sequence) 
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SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED MANGANESE 249 

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 
I I I I 

r 
3 

~ ..... 
.... "" w'-" 
:"0 - '" moo 
0> "" 
'" 0 <: n 
~3 

I -
""~ ""-N'", 

""'" 

V ~ I :~:~~ 
115.8 277020~ 

276860 
""-N'" N'''' "''''' 

~~ ~ 46.8~~~ 46.7 0 
46.755 2770200 

2768600 

""'" N~7w " ... ' E=t~ 359.l e ~ 
358.3

c '" 
2770200 
2768600 

""-N'_ N'''' 

I 254.2~ 
~2p66P 

253.2 2770280 
27686 0 

N'-N'- N'''' 

t 90.818~ 
~2p56P 

90.686 2770iOO 
2768 00 

NtJ'i'w 2po 
11 2p"6p 

36.119 
---------------------------------------------------------r~~11----------- 2770200 

2768600 

N.W ".-
"'I'" N.W 

" .. 
II 193. I C 

... 
'" 1\ 192.2° '" '" 11 191.8' t: 2428100 

242(600 

"'.-N'- N'''' 

~ m.l~ 
~2p65P 

13 J. 5 24~8100 
24 4600 

""-N,..1~,-" N,W 

~ 55.166~ ~~ 55.72 
55.658 2428100 

2424600 
""-N'''' 

--------------------------------------------------------,i~2r3--1l2p65P 
--------------------------------------------------------(riB'S--- ~:~~~gg 

"'.-

~r' " .. 

~ f ~ 
" .. 
'" ~ 

N N 2491100 
'" en 2491100 

2375200 
1901800 
1906800 

1667500 
633637 

"- 63139B 

I 0 

I I I I I I I I 
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0.5 1.0 
I I 

1.5 
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2.0 

1777100 
1170400 

.. -.---------------------------~~~r84-----------,1 2
p

6
4p 

'------------------------------56~2~5-----------~ l777l00 
1770400 

-----t2
1'6

3
1' 384.743' 

------ 360.987" 
277018 
259914 

""'" 

2.5 3.0 3.5 , 
t-

3 

.... w W 
01 U1 

co 
..... <0 
<:TlOQ 

0> "" CO> c:::> 
< (") 
~3 

.!. 

+-----------------o;;--<;,----------------il2p610<l 
33.55 3258000 

34.22 3199000 

1 
34.02 3199000 

I l l 

Mn XV(Na-Sequence) 
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0.5 1.0 1.5 2.0 2.5 3.0 3.5 
I 

""w 
""'" 

11 
!46~ ~~ tt---!-:7.! ;~---1: 3115600 

3114000 

t1t-/ ---~a:~~:~:--i1ij ~ 
86.66 ~ 3115600 

31HOOO 

it ~!J~: ti ~ tt-----------:.:74'-'."'43:'-r~---t+~: 31 J 5 600 

3114000 
""W N,,,, 

ll~t--------------------------------------~i~r:~i~~;~--t+tl~ t 35.04 ~ 3115600 
3114000 

11 

"''''' N,.., 

N"" ""., 
iJ1t---;;c 21:-:0-;. sor-0-11

11 ~ 
lL UO.S e .... 

" 210.4" IL'" 2994200 
~ 2993900 

~ ~
~ 

~ ___________ ~9~S~.8~80~~:1 ~ 
tt _________ ~9~6~.877~1;~ ~ 

96.843 mm~ 

""'; r 82.163 ~ 
81.133 2994200 

2993900 

11 l
N 

36.807 C "'", 
t---------------------------------~3~6~.8~0~3~~ 

36.571 2994200 
2993900 

N 

." 

277018 
259914 

I~ If ""'oo l [ '''''GO 1777100 
~ 1770400 

~~---------'L 

~ [

2P55! 2F' £ 
L 2519300 

2519000 '" 

~mm ~ 

I 

Mn XV(Na-Sequence) 

3 

4.0 
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0.5 1.0 1.5 2.0 2.5 3.0 3 5 4 0 
I 

r -, 
3 _. 

~ .... ..... 
,-,,"" Ul"" 

"" - '" moo 
0'>1'-' 

" 00 <: () 
~3 

I -
Nr0~-..1 

""w 
NO<" 

w.,' 9: 349.2 C ~ 
348.8 e "" 

2805700 
2805300 

""- ""w 
""w ""'" 

265.1 c 

9~ 264.8 e 

262.'c 
2805100 
2805300 

""- ""w 
""w "''''' 

If 
91.257~ V 97.220 
96.628 2805700 

2805300 

""- ""'" ""'" N'", 

J1 
39.553~ ~~ 39.547 
39.287 2805780 

28053 0 

N"" ""'" """ 
NO<" 

"" 188.9' '" m 

88.S e '" ... 2D 188.6 e 
t: 24917 8° 24911 0 

N~7w ""w N'''' 

II 140 'I~ ~~ 139.9 
138.8 

24§ 17 88 2( 11 

N'-
""w NJ~"" 

~ 45·165~ ~~ 45.154 
44.820 2491700 

2491100 

""w f'vr0Tw NI(J'I 

771.0 c 

~v 165.1 c 
733.1 c 

1907800 
1906800 

"''''' ""- N'''' ""'" 

11 

61.361 ~~ 61.319 
60.720 1907800 

1906800 

- I ..., 

r ~~ 
~ r" ',' " '" 

'" '" '" '" .., '" 
2519300 " 

'" "1l 25~9000 N 

0 24281 0 ." 

2424600 
0 

1962000 
1961600 

'P6'OS l- I 7 40 
L 217~18 
'- 259 14 

I I I I 

Mn XV(Na-Sequence) 
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0.5 1.0 1.5 2.0 2.5 3.0 3.5 
I 

""w 
+---:-:-::--:c:,.,.---;111"';; 6 3 d 

158.3S-
157.82- 633637 

631398 

~
~ [2P63P 'p' 

IV 277018 
'" 259914 o 

3 

N'-> 

+--------------.".,,.--;-x---------------4l2p6 I lf 
37.42 3306000 

I 

"' .... 
+-___________ ~~------------4l2P610f 

38.02 3264000 

IN)",) 

~------------------~3~8.=8j9------------------~ 
3205000 

tl-.l 
~------------------~4~O:~![5~1--------------4 

3124200 
N''''' 
""" 

It m:E ~ ~ 
*--'-1""'9 5'-'-. 0"'---4~ ~ 3004 I 00 

3003800 

""'" N'''' 

#-11 _~~u.J...l!..,.....n~ l~ 
91.158 ~ 3004100 

"''''' ", ... 
3003800 

II 42.191° l~ +t-----------------------1:~~'-?::~:~~ ~ 3004100 

3003800 

[~ t 633637 
631398 

[~ ~ 1907800 
1906800 

Mn XV(Na-Sequence) 

I 

4.0 
I 

I 
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0.5 1.0 1.5 2.0 2.5 3.0 3 5 4 Q 
I I 

r' 

3 _. 
~ ..... 
"'w w<.n 
~o 
..... <.0 

"" 00 

"" "'" " 0 
<" 
~3 

..!. 
~'w N~'r..:l 
"''''' 

It 
109. 4 ~ ~~ 109,4 
lOS .3 28p80~ 28 150 

NIW l'>J~if-.J 
NI", 

m,,' 9: 
302.S C ,:; 

302.7 C 
-

2821800 
2821500 

NIW "'I<" 
N"" 

NI-o 

~ 4~.101t V 45.7 ali 
45.659 2821800 

2821500 2FO 
NIW N~'f...J 

< NIQI 

" 
..., 

IT 1 S 3.63 ." 

'" Il 163.SC ~ 
163.41 t: ~mm 

Nr-1~l11 N~1"-..I 

~ 53.040~ l~ "'I'"' 
53.032 
52.977 

25) 000 

",ow 
...,,,,. 

N'''' NH 

II 75.30~: V 75.280 
75.174 1§6rOO8 I 6 60 

f ~~ ["" " 
2491700 

1907800 
2491100 

1906800 
p36~7 313 S 

-
Nr1~-.,) 

N;--l ">I,, 

II 178.69 ~2p65g 
178.6l 2521630 

2521480 

2G r'" ',. 
1962000 
1961600 

I I I I 

Mn XV(Na-Sequence) 
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0.1 0.2 0.3 0.4. 0.5 0.6 0.7 0.8 0.9 1.0 
I I I 

r 
:3 

~ .. ...... 
c.o 

W -
~ '"" N ...., 0 
C> 0 
<:0 

n 
~:3 

I -
-

t----------------..-.-o ......... ------------41 2a2p
s

Sp 
15.238 6562500 

-
t-------------. ...... "'----------41 2s2psSp 

15.312 6530800 

N 

+----=-"'"""":---.l2a 2 2P S( 2 P ~ / 2 )40 
65.153 7089864 

N 

t--",......"..,---il2s 2 2p 5( 2 P ~ / 2 )" 
64.224 7089864 

~
T-I2s-2-2 P-S-( Z-p-;-/-z )-3-P -2-( -23-)----.1 2 5 2 5 L 2s 2p ( p3/2)3p 2(2) 

5555050 
5532778 

I I I I J 

Mn XVI(Ne-Sequence) 

Ipo 

-

-
1 1 (_ • _}O 
2 2 

-

3 1 (_ • _)0 
2 2 
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0.1 0.2 0.3 0.4 
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0.5 0.6 0.7 

<> -

371.414 I~ 2s 2 Zp 5(2p 1 /2 J3p 

363.918 fi-t 
5626306 

697.088c ~Z.22P5(2P~/2)3p 
5494914 

0-

[,22PS(2P3/2 J3p 

5494974 

Mn XVI(Ne-Sequence) 
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0.1 0.2 0.3 

Energy (in 

0.4 0.5 

-
I 

-
+ 

11.853 

11. 9 71 

12.373 

12.510 

13.46 

107 cm- 1) 

0.6 0.7 0.8 0.9 ],0 

N 

I 66.036 

0_ 

11 

IJ 65.508 
1L 65.410 
" 65. Z16 

51.999 

52.147 

r 
3 

~ -- "" w-.,.Ul 
"" -->0 

" 0 <0 
~n 

:3 
I -

'" 
lZ.2Zp5(2P3nl41 

7377669 
-", 

2. 2 2 p 5( 2 P 3/2 HI 

i'- 7377669 
~ 7376779 

'" 
lz,2zp 5(2Pinlh 

7283910 

-
l2.22P5(2p~/2J4P 

7198860 

-

-

-

I IZ,22 P5(2P3/z)3' (H)' 
2. 2 2 p5(2pj/2)3s (~·il' 

.22p5(2p3/z l3d Zei)' 

j Z5 Z2 p5(Zpj/zl6d 
8439000 

-
J 2s22p5(2p~/z)6d 

8354000 

j Z.2Z p 5(Zpf/1J5d 

8084000 

- 2 ( ~ JO j 2s 2 Zp 5(2 P 3/Zl5d 
7994000 2 

J 2.ZZp5(Zp1/2l4d 
74 29000 

-

Mn XVl(Ne-Sequence) 
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0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 
I 

t'"" 

3 
~ ~ .... 
..... «> 
w-..,. tn 

"" ->0 

" 0 
<:0 
~("l 

3 
..:. 

56.207 
l23 22 p 5{2 p ;/2l4d 

7405446 

13.6l 
\ 2s22p5(2p~/2l4d 

7344868 
-N "'-

il 56.700 
~2'22P5(2P3/2l4d 

55.472 7344868 
7318722 

54.832 
LZ.22p5(2P3/ZUd 

7318722 

--------------------------Ts":"6i6--------------------------t2' 2 ~ ~ :~23~ h/ 2 )3 d 

---------------------------rniir------------------------l2. 2 ~~ :{32:0~/ 2)3 d 
302.50ge ~Z.22p.(2P3/2)3d 

5863347 

, I 

271. 46 4 c ~ __ t' 2. 22 p'( 2 P 3/2)3 d 
------L 5863347 

"'-

11 
69.124 
66.503 

67.149 

W 
N 

~2s22pS(2PI/2)4f 

14 65000 
7464838 

w 

lZ522p5(2P3n )41 
7380185 

"'w 

W= 68.662 
~2'22pS(2P3n)4f 

65.927 p80~85 319 00 

I I 

Mn XVI(Ne-Sequence) 
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0.1 0.2 0.3 

, I 

0.4 0.5 0.6 0.7 0.8 
I 

I I I 

Mn XVI(Ne-Sequence) 

0.9 
T r 

3 
~ .... ..... 
..... '" w"'" 
.... <JJ . "" ...., c::::> 

" = <:0 
n 

~3 

I 

1.0 
I 

2 [ ~ ]f' 
2 
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0.1 0.2 0.3 0.4 
I I I 

I 1 I 
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0.5 

301.513 
288.003 

0.6 0.7 

I 

'" .. 

'" .. 

Mn XVI(Ne-Sequence) 
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0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 
I I I r -, 

""- {~~'22P'( I D )3d 

:3 
~ 

-, - ~ 

"" <0 

t------------------------------t}ii{---------------------------- 6356600 "" co ... ..., 

" "" ""- "'0- <:0 
j 2s 2 2p·('S)3. <:::> 

~o 

II 17.1 ~ I 1 '"' lb.SSO 5922900 :3 
..!.. 

NO· 2S f'· r S2p6 109,35 
-------- 100.00 

1000000 

",ow 

r" 2 p ' 

85500 
0 

N'W 

~:~---------------------------+H~~"e---------------------------r s 2 26::(9':a:
3 

d 

N'W 

N'. N'· 2p 2. 2 2 p 4(3 p )S. 
II 11.807 
II 17. 29 

H------------------------------if~}}~--------------------. 5725800 
~ 5701100 

""- 2po H-2s 22 p 5 1170 c 
85500 

-
N"" 

""- N'w 

11 2s'2 p 4(IS)3d 
LL ____ =H·~iU ---1) .404 

15.365 c 1'- 65~8~O~ ~ 64 1 0 

N'''' N,. N1W 

2s22P4( I D l3d 
II 15.826 

~--------------------------·----t}:{i~---------------------------- ~ 6404200 2n ~ 6381600 
N'W 

"''''' 
15.958 

11 2s 2 2p4(3 p )3d 
15,871 6300800 

6266400 
N'''' N,_ ",ow 

~ __________ --------------------ii:~~~---------------------t2 · 2 ~; ~ ~15D8 ~3 · 

-
NO'" 

2F J 2s 2 2p4(3p)3d 
15.926 6279000 

I I I I 1 

Mn XVII(F-Sequence) 

J. Phys. Cham. Fief. Data, Vol. 23, No.2, 1994 



262 SHIRAI ET At. 

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 
I I -1 I ;I 

N'- 3 ""w 
""- N"" 

_. 
2.'Z p 4(3 p )3d ~ -16.278 "" '-0 

16.090 '" 00 

r "'" --l 
! 6. 0 5 4 I.'l"" 
15.987 '- 6255100 <~ 

'- 6228988 
~o 

- 62150 
,.., 
:I 

...,,- fV~'fw .I. 

1 17.987 
2. 2 Zp 4(3 P 13 • 4p 

I 17.794 
17.716 L.. ~644800 - 619900 

""w r" 2 p ' 

~5500 

N'", 

1 2.'2p4(3p )3d 4F 
16.041 6234000 

I I I I J I I I I 

Mn XVII(F-Sequence) 
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0.2 0.4 0.6 0.8 1.0 1.2 
I 

r _. 
0 :3 - _. 
L2 p6 

~ ~ 

122.29 + ~ 

w~ 2007500 -'" 
0 --len - " "" j l2 p. 91. 90 <;; 

~'" 2007500 
0 

N " 
n 

+-l2s
2Zp 4 707.IS c 3 

I 
292020 -

" lS 
~2.22P4 457.81' 

292020 

". -
I I r- l L'"'''' 2s 22p4 3p 

ZSZ p 5 3 p ' 

_ 1189770 
o 919450 

7
1
3
5
5
09V O 

-
0 -
+ 16.577 

l2 s2 2P 3(2 p ')3o 
6324500 

-N 

+ 16.197 e 
L2s 22 p 3(2 p ·)3. 

6324500 
"'-

" -

lt~ 
428.\4c 
369.9S' 
309.52 c 

1189770 
-" 

+ l 2s2 p 5 111.39 
1189170 

N -
+ l Zs Zp 5 96.23 

1189770 
Ipo 

0_ -
I", 

89.59 lIT I::' 
'CI 89.03 
'" 84.05 

1189770 

,? 

I IZ822p4 3p 

N 

~~ r':,::': Z.'2p' '0 

,;; 919450 
866690 

g9~020 
1 0 10 

m~8 
L..-

° -
'" 

i2022p4 129S c In 
663.97' 

150610 

N '" 
I 16.540 

l2. 22P'(2 0 • 13 • 
6196600 

- t'" Z.22 p3(20' )3. 
1n° 

6.332' 
16.138' 6196600 

I ~ 

Mn XVIII(O-Sequence) 
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0.2 0.4 0.6 0.8 

"'-
�+-----------,-"........"..,--------~I 2. 2 2 p3(4 SO)3o 

16.724 1 

~~-----------------------r~i~i~--------------------~ 6052900 

t-------------,:--:--c;:-;-;:....----------+,'" 20
2

2 p '(2 p ')3 d 
14.152 6778700? 

2720 C 

189S c 

1117 c 
956200 
919450 

4 2s2p5 
159.3S c 

919450 

~2s2P5 139.65 
N 866690 

"- " 
'" ~ 

It---I+I ~ 
'" 

N 

126.09 
118.22 
111.25 
115.38 
113.30 
108.76 

956200 
919450 
866690 

I~r~ r':,:.:: en 866690 
292020 

150610 
73590 
66560 

I 0 

I L2 2p 4 3 p 

25 2 Zp' 'D 

I I 

Mn XVIII(O-Sequence) 
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0.2 0.4 0.6 0.8 

~-----------;-:-;:-;:-.::T-----------1 2.
2 2p 3« p' l3d 

14.698 6803600? 

N 
W 

p3(20')3d 

6721800? 

~ _________ ~!6~.~66~3T~ ____________ -H_ ~
2S22P3(2D' )3> 

16.589 6118600 

16.451 
16.4 4 
! 6.425 

-------------------------i6~!~~-------------------
-------------------------i6~ir~-------------------

w 
"C 

6152100 

6178600 
6154800 
6152100 

1.0 1.2 

:3 

Mn XVIII(O-Sequence) 

J. Phy •• Chem. Ref. Data, Vol. 23, No.2, 1994 



266 

0.2 

II L2S2 P ' 119.76 
+t+ ---1 !lS.Ot 

1126740 

t-----4l2• 2p • 100.50 
1126740 

1--__ ~t;:2p4 88.75 
1126140 

~~~ l [''':'::'0 
765760 

291730 
242110 

131770 o 

""'" ""-

~
2sZP' 2268.c 

797.77 c 

1252090 
1110820 

1230.C liZ.h' 
TL 1252090 

""'" 
"'~''t' "';; 561.10 c 

.:;;' 527.26 c 

.. 385.37 c 

369.10 c 
1252090 
1170820 

.,,'" Nl!.n NI_ 
N'", 

n=t2s2p4 216.57" 
205.62 c 

1252090 
1170820 

I ,/,? 

113.75 
107.68 
104.13 

99.01 
1252090 
1170820 

99.17 
96.24 
89.26 

1252098 
117082 

~ ~~r' .. ,:o:," 
:; ~ 9bWob

40 

• 981160 
765760 
709070 

- H~m 
162450 
131770 

SHIRAI ETAL. 

0.4 

I

IIzSZ2P3 ·S' 
25 22p 3 2D' 

Z.2Z p 3 2 p ' 

2. 2p' • P 

0.6 

I U;:2:; ',' 
2.Zp' 2D 

Zs2p' 2S 

I 

0.8 

I 

Mn XIX(N-Sequence) 
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0.2 
I 

N~'j_ N~'i'_ 

168.84
C El~ 148.48 

146.57 
J 30.97 

t;:' 1255c 
::; 906.29 c 

'Ow 713.5I c 

625.16 c 
291730 
242110 

II I I k. 

1934390 
1844360 

139.36 
123.82 c 

1934390 
1844360 

117.41 
115.84 
104.90 

1934390 
1844360 

94.456 c 

92.11 
88.08 
87.053 e 

85.570 e 
J934390 
1844360 

~ ~~Il r" ::""," ~ I ~ 1252090 
o 1170820 

I 1126740 

I'~ll mm 

'-

I o 

t 185670 
765160 
709070 

242110 

mH8 
I 

0.4 
I 

I 

0.6 
I 

Il,L,;,:" 
2sZp' 'p 

Z92p' 2D 

2s2p' 2S 

2s2~4 2\, 

0.8 

Mn XIX(N-Sequence) 

1.0 

I 

1.2 

ro
l 

3 
~ ~ 

~ .... -
"",-

-->"" 
~ ~ 2p 
~O 

o 
n 
3 
J.. 

I 

" 
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0.2 

!l2S2p< 8739 c 
992600 

H5.0S C 

142.68 
135.33 

992600 
981160 

122.14 C 

120.46 
117.74 
116.17 c 

992600 
981160 

+-__ -+1 2s2p' 101.92 
981160 

~~ ~l L·": .. ~:. 
~ mm 

709070 
291730 
242110 

162450 
- 131770 o 

""W 
N'''' 

II 2s 2
2p3 3259c 

'L 162450 
N'.., 
NO<" 

SHIRAI ErAL 

0.4 0.6 0.8 , 

II ~."". " 
2. 2 Zp 3 2D' 

2s2p' <p 

I I 

Mn XIX(N-Sequence) 
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I 

I 

r 
3 

~ --.... -",,-
...,<:.n 

'" "" <:5 
'-'0 

o 
n 
S 
.!. 

1.2 

-

I 
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0.2 0.4 0.6 

NIW 

"''''' 

0.8 

1-_-,--,--______ ---::-:-::-::-::--.---________ -+1 2.2 2 p2( 3 P lad 
"',;,'i"w 14.098 70932001 

l::' 5021° 
~ 1764° 
~ }30S o 

785670 
765760 

NO<" 
NOW f' (i .. - 182.94° w 173.22° 

1S7.73 c 
152.93° 

785670 
765760 
709070 

-----1:: _____ N 

'" _ ....... _- .... 

141.03 
130.59 
127.28 

78567~ 

Hmo 

l~~ ["',~:,:. 
709070 

291730 
242110 

162450 
131770 

I 0 
I 

Mn XIX(N-Sequence) 

1.0 1.2 

4p 

I 
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0.2 

o 

+----l2P' 135.06 
1912980 

+-1---IL2p
4 112.6S c 

1912980 

l[~ lll~ ~ '''" .. o lo JI72\~~3650 
1025510 

856900 
212260 

59580 

~2'2P3 679.99' 
1172510 

o 3 
~ 2.2p 119.12 
"--1- 1112510 

" .... + __ -IlZSZp3 104.13 
1172570 

I' l2s2p3 93.117
c 

I~-jf-----I 89 .85 
1172570 

;; ~ 

~f~ ~Ir':.:::," en ~ mm 
723090 
722710 

333080 
212260 

98650 
59580 

0.4 

SHIRAI ET AL. 

0.6 

II"L,:;. " 
2.2p' 's' 

p' 'p 

Ill"", " 2. 2 2 p 2 'D 

2s2 p 3 3D' 

2s2 p 3 'p' 

0.8 , 

Mn XX(C-Sequence) 
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r-' 

3 
~ ->-
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<.0'" 
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~o 

'" n 
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0.2 

N "'. ~ 2P 153.98 
fL 1698290 

12 O. 82 
118.85 e 

1698290 

104.67 
102.50° 

1698290 

~~I~~; 1m!!! l. 1112570 
1048880 

870580 
85698° L_. 14294 

- 722710 
98650 
59580 

Ii l2.2P) 105.24 
111-1--..-1- 101.08 C 

1048880 

1 

0.4 
I 

13.46 

0.6 0.8 
I I 

Ill.". ',' 
2s2 p 3 3p' 

2s2 p 3 ID' 

w 

I 

76420007 

I I 

Mn XX(C-Sequence) 

].0 
I 

I 

1.2 

:3 
~ .... -<;J1-

W"" "' ..... '" -<:g 
~o 

o 
n 
:3 
..!. 

],4 

, 
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0.2 

645.45 C 

593.08 c 

570.87" 
1025510 

~ 2.2p' 122.96c 
T --L 1025510 

I", 
1111'1----41 ~ 
~ ____ -_ "'w 

107.89 
1 03.53 

97.51 
10255JO 

-", 

J 2 85. c l~ 1280. c 
1623890 
1623650 

" -'" 
t===t~ 90.683 e 

84.703 c 
{623650 
545800 

N -

t=t~ 267.93 c 

221.69 c 
1623650 
154 5800 

"'-N 

~~ 201.24 c 

173.98 C 

1623688 15458 
N 

-0 

~r 
192.20 
167.19 
167.12 

1623890 
1623650 
1545800 

SHIRAI ET At. 

0.4 0.6 0.8 
I 

Ill."" '. 2s22pZ 'n 
2'Zp' 3 D' 

I I 

Mn XX(C-Sequence) 
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1.0 1.2 1.4 
I 

r' 

S 

",,-

w"" 
<O~ 
" <::> '<0 
~o 

0 
n 
:3 

..!. 

-

3p 

I 
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0.2 
I 

0 '" 
N 

0 

q' 148.10 
145.16 
132.79 
130.42" 
130.38 
129.31 

1623890 
1623650 
1545800 

'" -0 
w 

~f 
124.56 
121.55 
121.49 
J 11.04 
111.01 
lILOO 

1623890 
1623650 
1545800 

N 

"" 255S" .. 
'" 1678 c "" '0 1014 c 

,'- N 98650 
"- 59580 

" 

t~ ~~I[·"·',::.· ; ~ 85690~ 
850340 

742940 
723090 
722710 

59580 
'- 0 

-N 

t=t'" 2s2p3 241.64 c 

233.91 c 
810580 
856900 

877.50" 
185.85c 

183.51 c 

783.45 c 

741.33" 
678.01 c 
676.27 c 

870580 
856908 
85034 

l ~r':;::.: ~ mm 
722710 

(443060 J 

I 

0.4 

I 

w 
C 

o 

I iZ' ZP3 5S' 

ZsZ p 3 3 D ' 

0.6 0.8 

Mn XX(C-Sequence) 

1.0 1.2 

.J. 

r 

- ~ 
~ 

U1 -w"" 
",,'" 

'" -<g 
~o 

o 
'" 3 

1.4 

3p 

.J. 
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Energy (in lO7 cm-l) 

0.2 0.4 0.6 0.8 1.0 1.2 1.4 
T 

r 

'" S 
+-----t2S2p3 190.91 c ~ ~ 

856900 "" -", w "" '" r.o "'" 
~2''h3 15,.13° " -

151.90 c <;'5 
870580 

~o 

856900 
<:> 
n 

<> :3 
N '" .:. 

§{~ 
131.8S c 

129.55 
126.46 
125.42 3po 123.30 
116.70 

870580 
8g6900 
8 0340 

;? 

(["'" 's I 'Z.22 p 2 3p 

Z.2 2p 2 '0 

333080 
9~162N° 
&9580 

-
"'w 
fi2s 2p 3 4942c 

742940 

<> 

~2.2p3 256.40" 
'" 723090 

-N 
-w 

!----" 
N 
w 160.He 

i--- '" 155.21 .., - w 150.80 
f-- 150.71 

1-........ 

- 138.30 
742940 

-= 723090 
722710 

"'-

ft2s2P3 357.59" 
357.10" 3DO HmC 

'" 
N 

W 

r=t~ 
195.91 c 
195.76" 
188.H e 

742940 
723090 
72Z710 

1/2 

Ill"", '. III ["" 3D· 

Z.2Z p 2 'D 

722710 
Z.'Zp' 's 

(443060) 2s2p3 5S ' 
333°8 0 

21226 nm 
0 

'" '" ~2s2pJ 290.36 P 5So 
260.77 p 

(443060) 

I I I I I I 

Mn XX(C-Sequence) 
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0.2 0.4 0.6 0.8 1.0 1.2 1.4 
I -. 

r 
""- 3 hl!-

+t2•
2p2 

952.8' 
~ ~ ..... 

910880 ",,-
",..w 

IF-f~~2P2 
~""' " "" 

123.23 <;5 
109.78 

~o 

= 2S 910880 C"> 

3 
I ,.. 

I -""-

~ 
[ S 2P 2 2p 

.., ,. 
N 

'" " 
805930 '" 99360 ." 

0 

-
NI-

NIW 

il2•
2p2 

7228.1 c 
92010 

""w 
Nt_ 2 

t{2.2p 841.9' 
92010 

"". 
~IN£ 124.08 

121.16 

~~---- r-L~' 108.14 2p 
924710 

'- 805930 

...-
NI· I 

~~ r" 
2S '" .. 

'" " N 

910880 N 

805930 ." 

99360 
0 

-
"". 
N'''' 

2236.4 c +l2p 3 
1511410 

"". "". ""W ""W N'''' 

9~ 
95.535 c 

91.539 c 

91.481 c 
1517410 
1472710 

2po 

- I 

~ 
LP3 >po .., .. 

'" .. 
N 

1472710 
~ 

~~O6~O 4 49 0 ." 

379660 

I I 

Mn XXHB-Sequence) 
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0.2 

""w ",'" 
"'-"'W .",' t~ 548,4c w 

484,2 c 

H\lH~ 
1412110 

"'-NJ,~IW r'>.lIW 

u=r 182.4 a 
16 B, 72 
140,55 

1517~1& 1472 1 

""-",w 

Et~ 177,99 
164,87 

1517410 
1472710 

""w ""_ 
NI'" 

Nlw 

9~ 127.36 
122,97 
120,50 

15p410 
14 2710 

2.
2

Zp 1006.4 c 

'" ~ 
N 

'" ., 
'" .., . 

0 

99360 

r;..; 

I~T' 'D' ~ ImeJ8 
924710 

910880 
805930 

lO4~90 81 40 

",w 
"'''' 

A1 252 p 2 6004,3c 
"L 704190 

110,02 C 

165.34 
145,45 

704190 
687540 

0.4 

I 
'" . 

N 

'" '" 

SHIRAI ET Ai.. 

0.6 0.8 
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~o 

= (") 
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0.2 

+l2p 3 4134.5e 
1335070 

258.95 T 

20.69 
198.04 

1335070 
1310890 

164.83 
160.' 2 
15S.51 
154.43 

1335070 
1310890 

119.02 e 

115.69 T 

112.8S e 
1335078 
131089 

l~ll C.:l::'" ~ 805930 
704190 
687540 

470670 
424980 

q""W3 

2p 395.6ge 
117700 

""-N~~UI NIW 

ill=t
~ HI. 4 9 

w 132.90 
125.35 

1177430 

~~l
I2S2P2 2p 

L 924710 
687540 

470670 mm 

t2• 2P2 2205.8c 
2188.0 e 

470670 
424980 

356.76 C 

269.32 C 

263.39 c 

470670 
379660 

0.4 0.6 0.8 1.0 1.2 1.4 

r' -. 
3 

~ 

= ;::; "'" "'" '" C1> en 

< 0 
0 

~ "" 
0 
n 
3 

I -

Ill.", " 
2s2p2 2D 

2s2 p 2 2p 

4p 

Mn XXI(B-Sequence) 
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0.2 0.4 0.6 0.8 1.0 

o 

~------------------~~~-------------------41 ,22.3. 
H.UI~ 8987600 

o 

~ !.'Zpz 271.41 c 
T-l.. 1336400 

; tls22pz 159.33 
~ 1336400 

~-------------------n,,",,------------------ills22p3P 
12.427 8756000 

w 
." 

~------------------~~~----------------1L1s'2P3d 
13.00

C 
9027000 

~-------------------'07TT----------------~LI.22P3d 
12.656 9027000 

~------------------~-;:-;;l:;----------------1lls 2 2 p 3 s 
13.58

c 
8702000 

+---------------------",....,,;;-;;---------------4Lls 2 2p 3 s 
13.199 8702000 

-------------------------------li~:ri----------------~1S2~~~~OOO 

___ 1 Is' 2 s 2 p 14 1. 1 0 
1- 708170 

l ~~ lL"'::,:~oo 1125660 
437300 
359970 I 0 333350, 

I 

II I, "", " 
1,2Z sZp 3p' 

Is22p2 'D 

I , 

Mn XXIICBe-Sequence) 
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0.2 0.4 0.6 0.8 1.0 
I I 

" 
t------------;-;;-...,-",,,-----------+ll.'2P 3p 

J2.172 8924000 

'" 1------------,..,.--,-,;--0---- _____ --'ll.2 2P 3 p 
11.793 8924000 

N 

t-----------..,-;;--,;-;-c,----------ills22s 3d 
12.816 8512000 

-N N '" 2 

U==lIS'2P 145.21 

130.60 c 
1125660 

~ l [
ls22P2 3p 

L 1008140 
967950 

708770 
437300 
359910 

-N 

11 

,. 

r" 'D 

1125660 
1008140 
967950 

I L2 2SZP 3p' 

ls22s2p 'p' 

12.816 

12. 6 3~ 
J 2.56 

I 
~ 

N 

"" '" N 

w 
." 

12.656 

12.447 

N 

ll.2 2P 3d 
8928000 

N 

lls2 2P 3d 

8928000 

w 

l1s2 ZP3 d 

9027000 
w 

lls2 2 P 3d 
9027000 

1--------------,-,..,..,c-----------ills22P3P 
11.876 8857600 

" 

Jff-----------:-:: ;;-::i~~i-i::--------tlJs22.3S 
12.76

c 
8168000 

~
11'22'2P Jp' 

L 437300 
359970 
333350 

I 

1.2 ],4 

r 
3 

~ .. ..... 
-.J ~ 
co .... 
co .... 
'" "" <:g 
~o 

o 
n 
3 

1.6 

I 

Mn XXIICBe-Sequence) 
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0.2 0.4 0.6 0.8 ],0 
I I 

~----------------------~------------------~LI"2P3P 
12.271~ 8858000 

N 

188.45 
181.69 
175.18 
164.48 
157.58 
154.28 

1008140 
967950 
910360 

_____ Jlls'2p' 103.31C 
-11 99.193c 

a 

N 

1008140 
967950 

496.06 C 

sa5.ss G 

334.03 C 

1008140 
967950 
910360 

l ~Ilr';;.;:! l 708710 
437300 
359970 
333350 o 

III .. "., " 
1,'2s2p 'p' 

ls'Z5Zp 'po 

~----------------__ ~~~ ________________ -4l1"2P3d 
12.738 8976000 

o 

'" 
12.553 P", 

1~~~=·==================~ln2~.~5n5~3~=================~£ 1I~ ____________________ ~12~.~48~88r-______ --____ --__ ~~ 
It 12.488 
11~r---____ ·-_-_-_-~-_-_-_-_-_-_-_-_~-_~-_-~~12r.T48~8r-----------------;I! 
T1 12.40' 1976000 

975600 
975000 

~---------------------;-;;-;cn;;------------___1l1 s 2 2 p 3s 
13.199 8544300 

I 

Mn XXII(Be-Sequence) 
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~ -...... 
-.J -
00 .... 
00""" 
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~o 

a 
() 

I 
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0.2 

'" 

~ C"" 
I p' 

708770 
437300 

P99 lO 333 0 

" 
N 

~
lls22P2 3p 

L 1008140 
967950 
910360 

0.4 

.. 
N 

N .. 
'" 

12.017" 
11.997 
1 . 95 9' 
11.906 
11.90b 

12.488 

~ 

N 

"" .. 
'" " 

w 
." 

12. 38 
12.706 
12 670 
12.656 
12.580 
12.553 

0.6 0.8 

N 

N 
W 

--

1.0 

8836400 
8759100 
8695400 

3p 
8695400 

844g000 
843 000 

(IS22s3d 
8U5000 

'" 
W 

L 
8957000 

mm~ 

1.2 1.4 

r' 

3 

-.l -00'" 
00 .... 

Cl> '" <;;; 
~o 

o 
n 
3 

1.6 

Mn XXII(Be-Sequence) 
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0.2 0.4 0.6 0.8 1.0 1.2 

~,-

~,w 

!I 3~.77~~c 
ll,2 4S 

35.3632 c 
[1l451200) 

9.1175~ L1S
2

4s !t----------~........l 

II 

'483255 ' 
(314654~ 

12.W6~ 
12.2773 

9.0280 d1451200j 

LIs'3. 

(8519600) 

r" '" 
[8655600l 
l862340Q, 

f>..)1-

IIN;;2op 
-.8DD6-
7.796(' (128265001 

i12B19600) 
""-""w 

~3.6100c ~ls2h 
33.4582< fI1508408l 1149490 

"". ""w ____________________________________________________________________ ~---,I I,'(p 

---------------------------------------------------------------~~~}~e---~ [115084001 
(J 1494900 J 

--------------------------------c---------------------~ 1.'3p 
-------------------------~i1{~----------------------~ !K~~~~g8l 

I I I 

Mn XXIII(Li-Sequence) 
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Energy (in 10 7cm- 1) 

0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 
I 

r 
3 

~ ~ 

",,-....,"" 
<C-. "" 
<0 "" 

"', ... .. <::> 
"',- <0 

N'W 
N.~ 

0 

'E===f 
~n 

15.3807 ~ 3 75.2559° ;; I 
74.6213° ... -

(l28375OO l 
02835 00 

""- "''''' 
""'" N'''' 

~ nm~~ ~~ 23.7439 t 12837208l 1283500 
"', ... ""- ""~ "',.., 

l~ II um~ 
8.0255 f12837200l 

12835000 

""- N'.., 
"', ... N'''' 

2D 

II ~t~m~ ~i 34.4626 f 11529300l 
11525100 

""'" ""- N'''' ""W 

~~ 11 ~:~m~ 
8.9682 C 

fl1529300l 
11525100 

""'" N~i!.J N,'" 

II It:m~ l~ 12.0186 18705200) 
8695100) 

~~ ~~ 
["" ',' 

f 11508400 l 
11494900 

1
8655608 l 862340 

f483255 l 314654 

I I 

Mn XXIII( Li -Seq uenee) 
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1.0 2.0 3.0 4.0 5.0 6.0 

r 

3 N._ ll.(2 S )2p2(,S) 

[5015(000) 
"'.-

3 2.0527 

..:. 

rS

z.
2 

( 49092000) 

N'_ 
t---___________ ::-:-:-::-:-;r-__________ ~III.,;;( 25 lh2p( II") 

2.ofs6" 

"'.-
(49684000l 
(49662000 

'-- _____________ ____;:_;:_ ------------4"1"';;( 25 )2s2p(3 p') 
2 . 0 2ii5"~-~ 

I 1 I I 

Mn XXIII(Li-Sequence) 

I 
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1.0 2.0 3.0 4.0 5.0 6.0 
I I I 

Mn XXIII(Li-Sequence) 
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1.0 2.0 3.0 4.0 

SHIRAI ET At. 

5.0 6.0 

-

r 

" 

7.0 

7090" +-Lis 5 • 
[63111700) 

-
22.275C +----lis 5 s 

(63111700) 

t---;;-:;=,---..... ll s 5 s 
7.5397" (6311l700) 

32.793" +--LIS 4 s 
[61671900) 

+-- ----4l1 s 4 s 
8.45711,0 (61671900) 

ll.4883C +-!----4Lls 3 s 
( 58553004] 

l lS4 P 'po 

(49848527) 

(61701200) 
( 58622446) 

0-

6664c III s 5 p 
(63126700) 

o 

68.74" +-l1 s 5p 
(63126700) 

o 

21.864" ~ IsSp 
T ---- L (63126700) 

1--------4Ll sSp 
1.3993" (63126700) 

-~-------------------------------i.584i2~-------------------------------~ls5~63126700J 

I ~ l [". ,::,'" 00) ~ (61671900) 
(58553004) 

(49611955) 

Mn XXIV(He-Sequence) 
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1.0 2.0 3.0 4.0 
I 

5.0 

32.568° 

31.764° 

6.0 

0-

r 

:I 

7.0 

11 !s4p 
1L (61101200) 

'" L_l1s4p 
'L (61101200) 

" L--l Is4p 
------L (61101200) 

t----,:-::-----iLI. 4 p 
8.2719< (61701200) 

--------------------------------~6207i~------------------------------~1.4~61101200J 

0-

1440.1< II Is 3 p 
1L [58622446 J 

+------:c---4lls 3 P 
11.0982< [58622U6 J 

------------------------------~705ir·-------------------------------~1.3~58622446J 

I I I I 

-
L-ll.4d 32.443° 
, L (61104800) 

+-..,.,..,.o-=--+ll • 3 d 
11.3867< (51l630129) 

l
S2P Ip' 1!s3P Ip' 

L (58622446) 
(49848521 ) 

i 

Mn XXIV(He-Sequence) 

-
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1.0 2.0 3.0 
, 

SHIRAI ET AL. 

4.0 5.0 6.0 7.0 
r I 

:3 

70.160 tlJ s 5 s 
(63098000) 

-
22.009" r----L I S 5 • 

( 63098000) 

j.-----,:-:-c~_-lLl s 5. 
7.4127" (63098000) 

'32:357" +--LIS 4 • 
(61645000) 

+--------4LI' 4. 
8.3074" [616450001 

11.2597< 1----.-tL 1 s 3 • 
[58488820 ) 

--------------------------------------------------------L1
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