








Lu 11—Continued 405

perhaps be investigated. Anderson’s g value of 0.43 for the 5d6p *DJ level (theoretical lower
limit, 0.50) may be less accurate than Goldschmidt’s calculated value of 0.58.

The three g values followed by question marks are dubious. Anderson’s value of 1.37 for
the g values of both the 5d* level at 36098 em™ (J=2) and the 5d6p 'P¢ level was based entirely
on a simple triplet Zeeman pattern observed for the transition between these levels. The g
value of 1.49 for the (nominal) 5d? *P, level was then obtained from another triplet pattern by
assuming the g value of 1.37 for the 5d6p 'P3 level. Goldschmidt’s calculations predict g values
of about 1.25 for each of the two 5d? levels in question, and a value of 1.01 for the 5d6p P
level. Anderson’s g values for the two 5d? levels cause a large deviation from the g-sum rule
for the (5d+6s)” levels having J=2, and his g value for the 5d6p 'P3 level cannot be accurate if
the level is correctly assigned.

Line Lists, Ionization Energy

New and more complete observations of Lu 1 and Lu 11 are needed. The basic line list for
Lu 11 at present is the one published by Meggers and Scribner in 1937, which gives 370 lines in
the range 2065-10758 A. Bovey and Pearse give a complete list of the classified lines, and also
include tables showing the intensities of the combinations of each level.

The ionization energy is from Sugar and Reader [1965].
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[July 1976]

Lu 11
. Level .
Configuration Term J (em-1) g Leading percentages
682 1S 0 0.00 98
5d6s 3D 1 11796.24 0.52 100
2 12435.32 1.14 94
3 14199.08 1.41: 100
5d6s 1D 2 17332.58 1.09 85 9 5d2'D
6s6p 3p° 0 27264.40 99
1 28503.16 1.51 94
2 32453.26 1.66: 98
5d? 3F 2 29406.70 0.66 97
3 30889.09 1.05 100
4 32503.62 1.27 98
5d2 3p 0 35652.1 98
1 36557.05 141 100
2 38574.94 1.49?7 51 44 D
5d? 2 36098.18 1.37? 49 3P 45 D
6s6p 1pe 1 38223.49 0.99 56 34 5d6p P°
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Lu 11—Continued

Configuration Term J (ICJ;V_?I) g Leading percentages

5d6p 3F° 2 41224.96 0.71 70 27 D°

3 44918.68 1.08 93

4 48536.83 1.25 100
5d6p 1D° 2 45458.56 0.94 60 24 3F°
5d6p 3p° 1 4553233 | 0.43: 89

2 4690438 1.13 87

3 48733.19 1.30 79 14 F°
5d6p 3p° 0 49963.58 99

1 50049.20 143 90

2 51201.66 1.37 82 9 1D°
5d6p 1F° 3 53079.33 1.02 85 15 3D°
5d6p 1p° 1 59122 1.377 64 30 6s6p 'P°
6sTs 38 1 63774.3 2.05
6sTs 1S 0 68988.80
6s6d? 3D? 1 71169.1

2 71705.1

3 72735.6

23 72016.6
5d7s? 3D? 1 73453.0

2 741222

3 75717.6

1,2 73588.3
5d6d? 2?7 79546.8?
Lu 11 (3Sw2) Limit  |-——----—4 112000
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Lu 1II
(Tm 1 sequence; 69 electrons) Z="11
Ground state (1522522p%3523p°3d'°4s24p®4d™04f *5s%5p°®) 6s °S,),

Ionization energy 169049+ 10 cm™ 20.9596+ 0.0012 eV

Kaufman and Sugar [1971] photographed this spectrum over the region 400 to 9000 A.
They note that the “simple one-electron spectrum is superimposed on the complex three-
electron spectrum arising from the excitation of an electron out of the 4f shell.” Although they
found levels of the (4f ¥5d2+4f *5d6s+4f *6s) group, the published results were limited to the
simple one-electron configurations given here, which classify about 70 lines from 677 to 8009 A.
The strongest of these lines belong to the 6s—6p and 5d—6p multiplets (2236—3058 A) first

classified by Meggers and Scribner [1930]; their classifications of two of the lines were later
correctly interchanged by Steudel [1958].
One of the levels from the more complex configurations, the odd level at 128057.3 em™

with J=5%, is included here; “the inversion of the 6f 2F° term appears to have been caused
mainly by interaction” between this level and the 6f *F¢,, level.

Kaufman and Sugar gave all levels or hyperfine-structure levels of '™Lu 111 with respect
to the ground hyperfine level, 6s 2S,, (F=3) at 0.000 em™, the F=4 hfx level being 1.746+0.010
em™! higher. Their table includes hfs intervals for the 6s—8s, 6p, and 7p levels. The values
given here for these levels are the baricenters of the corresponding hfx levels, with the hfs
baricenter of the ground level being taken at 0.00 cm™'. The uncertainties are 0.1 em™ for all
levels except those of 8f and 9f, which are uncertain by +1.0 cm '.

Kaufman and Sugar derived the quoted ionization potential from the ns series.
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[July 1976]

Lu 11 Lun
. . Level Confi . Ter J Level
Configuration Term J (em™1) onfiguration vrm (em™?)
4f14(18)6s 2§ 1y 0.00 4f14(18)6f 4 2 128799.8
2 129053.2
4f14(1S)5d 2D 3[2 5707.6
5/2 8647.8 4f14(18)5g 4, /2 129105.4
"2 129106.3
4f14(18)6p 2p° 1/y 38400.61
3/y 44705.21 4f14(18)9s N Ya 136209.86
4f14(18)7s 28 1/y 86681.21 4f 14187 a8 By 141069.6
1,
4f140S)6d 2D 3/ 92321.6 hoo | 140982
5/2 93107.6 4f14(18)10s ay Y2 145587.3
4f14(18)7p 2p° 1/y 100357.09 4114(18)8 s b/, 148513.8
3/y 102810.82 F1CS8f | 15j 1g530:0
1
4f14(18)5f 2F° 5/ 105590.6 4f19(18)9f ‘ i My 153343.6
7[a 105704.1 ’ T2 1533545
|
4f14(18)8s 28 1/p 11978475 || __ T S
Af14('S)1d D *l2 122622.5 1 ’ Lt 1690
s | 1220810 || TV OSO ""' 9
5/2 1280573
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Lu 1v
(Er 1 sequence; 68 electrons) Z="71
Ground state (1s%2s%2p®3s23p®3d'°4s?4p®4d °5s%5p°®) 4f 1 'S,
Tonization energy 364960+ 200 ¢cm ! 4525+ 0.03 eV

One immediate advantage of the analysis of this spectrum was that the results could be
combined with certain known regularities to give predicted values for fundamental energy
differences of the type 4/ —4f""'5d in the fourth and fifth spectra of the lanthanides [Sugar
and Kaufman, 1972]. The 57 known energy levels of Lu 1v include nearly all levels of the listed
configurations. The line list obtained from a sliding-spark source includes 246 lines over the
range 876—2130 A, with about 70% of the lines being classified. “The uncertainty of the levels
relative to the lowest level of 4f'*5d is about +0.1 em™!, but relative to the ground state it is
+0.5 em™,” the latter connection being based on the wavelengths of the three resonance lines
from the 4f'*56d levels having J=1.

Leading percentages in the J,j coupling scheme are given for all excited levels. Sugar and
Kaufman found that the lowest average purity in this scheme was 91% for 4f *5d, whereas the
LS purity of this configuration is 65%. The 4f*6s and 4f '*7s configurations have 100% purity
in J,j coupling; in LS coupling the two levels having J=3 share the 'F° and *F° percentages
almost equally.

Wyart, Blaise, and Camus [1974] give the parameter values obtained from a calculation of
(4f *5d+4f *6s) including configuration interaction.

Kaufman and Sugar [1976] obtained the 4f'* 2F$, limit position from the 4f36s, 7s series
and an adopted value for the difference in the quantum defects of the two members. The
uncertainty arises from their estimated uncertainty in the latter quantity.

References
Kaufman, V., and Sugar, J., J. Opt. Soc. Am. 66, 1019 (1976). IP
Sugar, J., and Kaufman, V., J. Opt. Soc. Am. 62, 562 (1972). EL CL W IP PT
Sugar, J., and Reader, J., J. Chem. Phys. 59, 2083 (1973). IP
Wyart, J. F., Blaise, J., and Camus, P., Phys. Ser. 9, 325 (1974). PT

[July 1976]

Lu1iv
: Level .
Configuration Term J (em-1) Leading percentages

4f14 1S 0 0.0

4f13(2F%12)5dar2 (7/2,3/2)° 2 90432.9 83 15 ("/2,5/2)°
5 9,4768.1 97
3 97333.6 96
4 98558.5 95

4f13(2F%/2)5ds/2 (7/2,5/2)° 6 98239.3 100
1 98505.0 64 21 (5/2,%/2)°
2 99660.0 84 16 (7/2,%/2)°
4 102216.6 92
3 103070.4 94
5 103798.7 96

4f13(2F'8/2)5ds/2 (3/2,5/2)° 0 105148.7 100
1 110858.0 81 14 (3/2,3[2)°
5 1113778 97
2 112632.5 97
3 1146328 97
4 115468.5 97
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Lu 1v—Continued

Configuration Term J ([c':qvﬁl)
4f13(2F8/2)5da2 (3/2,3/2)° 4 106380.6 90
2 107986.6 97
3 1118123 98
1 114049.} 65
4f13(2F%/2)6s1/2 (/2,1/2)° 4 116798.2 100
3 117312.0 100
4f13(2F$/2)6s1/2 (3/2,1/2)° 2 128573.3 100
3 128929.0 100
41 13(2F%/2)6p1/2 (/2,1/2) 3 164302.3 98
4 164728.5 100
4f13(2F'%/2)6pa/2 ("/2,3/2) 5 173213.6 100
2 1734144 98
3 174143.2 94
4 174889.9 100
41 13(2F8/2)6p1/2 (/2,1/2) 176355.6 95
176841.6 97
41 13(2F3/2)6p3s2 (3/2,3/2) 1 184205.5 100
4 185359.8 100
2 185987.0 98
3 186539.6 99
4f13(2F%/2)6d3/2 (7/2,3/2)° 2 235663.7 87
5 236667.1 98
3 2372153 96
4 237436.9 95
4f13(2F%/2)Ts1/2 (7/2,1/2)° 4 237025.} 100
3 237106.7 100
4f13(2F%/2)6ds/2 (7/2,5/2)° 6 237663.7 100
2 237946.8 87
4 238501.1 95
3 238740.5 96
1 97
5 238907.7 98
4f13(2F$/2)6d3/2 (3/2,3/2)° 4 248305.8 97
2 248620.5 98
1 249510.0 69
3 249682.5 99
4f13(2F8/2)Ts 12 (5/2,1/2)° 2 248900.6 100
3 248965.9 100
41 13(2F8/2)6d /2 (8/2,5/2)° 0 100
1 68
5 249719.0 100
2 249954.0 98
3 99
4 250789.5 97

Lu v (2F%/2) Limit  |-————-——{ 364960

Leading pereentages

31

29

(7/2,3/2)°

("2,%/2)°

(f22]2)°

(®/2,3/2)°

(3/2'.1/2)0
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Luv
(Ho 1 sequence; 67 electrons) Z="1
Ground state (1s*2s°2p®3s?3p°®3d'°4s%4p®4d'*5s25p°) 4f 13 2F,
Ionization energy 538700+ 2700 cm ! 66.8+ 0.3 eV

Sugar and Kaufman [1972] gave the 4f'® 2F° interval for this spectrum in their paper on
Lu 1v. They have classified more than 50 Lu v lines in the region 500-700 A as transitions
from 4f'*5d levels to the ground-term levels [Sugar and Kaufman, 1973]. The eigenvector
percentages for the upper levels are also from their unpublished material. Leading
percentages in both J,j and LS coupling are given; neither scheme is a good approximation.
An extension of this analysis is planned.

Sugar [1975] obtained the ionization energy by a method similar to that of Sugar and
Reader [1973].
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(July 1976]

Luv
Configuration Term J (I;::]v_‘il) Leading percentages
4f13 2F° /2 0.0
5/2 11792.8

41 12(3He)5ds/2 /2 150765.0 34 (6,5/2) or 38 (3H) *F
4 12(3F4)5das2 P 154986.5 39 (4,3/2) or 20 (3F) 4G
4 12(3He)5ds/2 92 156855.6 34 (6,5/2) or 34 (®H) G
4f12(3He)5ds/2 /2 158983.3 40 (6,5/2) or 72 (GH) 2F
4f12(3Hs)5ds/2 5/2 159035.8 35 (5,5/2) or 55 (°H) 4F
4 12(3F4)5d3/2 5/2 161973.0 29 (4,3/2) or 27 (3F) 4P
4f12(3F4)5ds/2 /2 162558.9 34 (45/2) or 27 (BF) 4D
4 12(3F4)5ds/2 (4,5/2) 92 162806.4 56 or 35 (°F) 4F
41 12(3H5)5ds/2 /2 164200.2 37 (55/2) or 18 (°F) “H
4f12(3F3)5da/2 (3,3/2) 3/2 164665.8 47 or 42 (PF) 1D
4 12(3F3)5d3/2 2 166576.0 33 (3,3/2) or 27 (CH) 4G
4f12(3Hs)5ds/2 5/2 167222.3 42 (55/2) or 40 (H) ?F
41 12(3F2)5d3/2 3[2 168013.2 27 (23/2) or 38 (3F) 2P
4f12(3F2)5d3/2 /2 168669.8 41 (23/2) or 30 (°F)“4H
4f12(3F3)5da/2 7|2 170023.8 26 (3,3/2) or 33 (°F) 2F
41 12(3F3)5da/2 /2 170638.6 42 (33/2) or 24 (F) “H
4f12(3Ha4)5ds/2 5/2 ‘ 171005.9 42 (45/2) or 32 (GH) 4G
4f12(3H4)5ds/2 32 171573.5 40 (4,5/2) or 40 (°H) *F
4f12(3F2)5ds/2 /2 172807.3 38 (25/2) or 23 (F) 2G
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Lu v-—Continued

Configuration Term J (Ic";\ﬁl) Leading percentages
4f12(3F3)5ds/2 (3,3/2) 5[y 178521.8 51 or 29 (3F) 4D
7]z 17427647 i3 or 34 (F) 2G
/2 174907.1 61  or 30 (3F) 2H
32 38 or 76 (3F) 4P
/s 49 or 62 (3F) 4P
1/, 64 or 87 (3F) *H
4f12(1Ga)bds/2 e 1756554 25 (4,5/2) or 21 (®H) *H
41 12(2Ga)bdare 8/ 1773924 37 (4,3/2) or 25 (3H) 41
41 *2(3H4)bds/2 7]z 1818935 34 (45/2) or 23 (3H) “H
4f12(1Ga)bdsi2 5/p 182025.1 26 (4,5/2) or 33 (@) 2F
4f 12(3F2)5d 32 5fy 1835734 24 (22/2) or 28 (3F) *F
41 12(3H4)5ds/2 9y 183867.6 42 (45/2) or 21 (AQ) G
4f12(116)bd a2 " (6,3/2) 2fa 189796.1 74 or 78 (D) 2G
4f12(1D2)5dsi2 5/a 190996.0 32 (25/2) or 19 (D) 2D
4f12(3P¢)5da/2 0,3/2) 3/g 1944420 64 or 21 (3P) 4F
4112(216)bds/2 (6,5/2) 72 195440.3 91 or 91 (1) 2G
41 12(3P1)5das2 (1,3/2) Sl2 196705.6 77 or 58 (3P) 4F
4f12(3Po)5dsr2 5fy 2000282 42 (03/2) or 47 (3P)2D
Lu vi (®Hs) Limit 538700
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