FEFEERE IV
—7 7 F = FRFIHT 3 M85 R—

B H E-k oA W A8k HOE OB

Atomie Structure Calculations. IV

—Relativistic effect on actinide atoms—

Akira NARITA, Hiroshi OI1SHI* and Shin-ya KAMADA**

(19974F11 A 28 H 52 HH)

The self-consistent relativistic atomic structure calculations are performed for first eight
atoms of the actinide series based on the local density approximation, in which the exchange-
correlation energy due to Gunnarsson and Lundqvist is assumed, the Latter approximation is
adopted and also the balanced spin configurations are assumed. The calculated results are
compared with the experimental ones. For the orbital energy levels, relatively good fits with
experiment are obtained. The discrepancies found in our previous work for the orbital and
total energies are partly removed in quality and are also considerably improved in quantity.
However, the discrepancies are still remained while reduced.
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Fig. 1 The lowest energy levels of each electronic configuration in all neutral actinide atoms are shown. These data are cited from Brewer'
s paper [12], and those without and with parentheses are, respectively, the spectroscopically determined experimental levels and the estimated

ones by him. (a) Ac~Cm, (b) Bk~Lr.
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Table I The calculated total energies of selected excited
configurations due to three kinds of calculations are compared with
the experimental ones for the actinide atoms, in which the total
energies are measured from those of the ground configuration. Unit
is 10 em™".
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Fig. 2 The total energies calculated for the intermediate configurations between two selected ones are plotted for first eight atoms in the
actinide series as a function of x indicating the intermediate degree. The total energies calculated for the experimental ground configuration
are chosen as origin for each calculation of NR, K-H and Dirac. (a) Ac, (b) Th, (c) Pa, (d) U, (e) Np, () Pu, (g} Am, (h) Cm.
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Table II The calculated orbital and total energies of neutral actinide atoms due to three kinds of calculations are shown for selected and
LDA ground configurations, and they are compared with the experimental orbital energies of Th and U for the ground configuration. Unit is
Ryd.
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P—— ! = e
T 30.132 27.486 ) 55 29.724 27.300 S 27.196 26684
58, 17.722 22.863 22.745 236 17.338 22.680 22.593 22571 22.465
s 18.240 18.6 18.090 17.962
——-ﬁﬂ—spm 14.110 15.282 o Tis 13.731 15.102 e 15.001 506t
Sy 7.6391 72 7.4976 7.3761
S 7.8055 7.3476 56 = 7.4429 7.1766 G 7.0797 T
Sf. 0.33304 0.23429 0.15028
—— ]
7 0.80363 0.33582 555 0.52914 0.21506 e 0.14695 Spi
65, 2.7204 3.6076 3.5681 2.5271 3.4900 3.4735 3.4209 3.3897
6 2.2674 22 2.1852 2.1120
_Lﬁpm 17117 1.7888 o = 15510 1.6995 T Ldst T —
6d 0.26214 0 0.23572 0.21296
e e e =
o 0.34466 0.24856 TR 5 0.27364 0.21727 e 0.19936 s
78,7 0.32351 0.38937 0.38497 0.30343 0.37269 0.37247 036221 0.36077
-E gy [Ryd] | 513210372 | 55933.9309 | 561419728 51321.3868 | 55933.9557 | 56141.9889 | 55933.9456 | 56141.9727
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(continued)
(e) Np
5f*6d* 7s? LDA ground con. : Sf*~* 6d* 7s?
EL(Ryd] . NR K-H Dirac
i KR Dinc  =7"000) | & =0.00) | G =0.00)
o 7546.7 87450 87355 7546.3 744,71 87352
25 13118 1640.9 1638.3 13114 1640.6 1638.0
—%:— 12700 1356.9 ggg 1269.6 1356.6 %
38 BLI3 1501 415.05 33130 415.59 414.74
—3‘2m—3 31113 337.40 g:;’; 310.71 337.08 %
—g‘;:—- 27254 270.74 -—-z-zg%%-— 27211 270.42 %
45,5 84.082 106.778 106.458 83.663 106.460 106.147
—:ﬁ‘,i— 74,545 81.162 3:“;;2 74127 80.845 %
— 4y 57.699 | 57.389
i 56.723 55.896 ST 56.304 55.579 8
P 29558 29246
. 31.993 29251 28 31571 28.932 000
Sen 18432 34.017 23.884 18.034 73.703 23.578
5 19.225 18.920
_Lsm 14715 16.026 T 14.323 1sms —8%%0
8.0774 7.7891
— 3% | go084 77643 L 7.8326 74608 —TTSL—
5 0.40238 [ 0.19330
—-5“—-—5{ 090029 | 040586 (0I5 060974 | 018927 [—oab—
650 2.7933 37628 3.7190 25934 35548 3.5207
2.3639 3.1900
-—!5216———-% 1.7540 18460 (2321 187 16857 (—=090
ety | 0.26040 020519
o 034559 | o263 (—PUR ozms | o o
T5iz 032680 | 03933 | 039161 | 030625 | 03649% | 036364
E o [ Ryd] | 52655.1329 | 57509.8406 | 57734.5203 | 526555714 | 57509.9204 | 57734.5844
(f) Pu
L.D_Agundcun.:st'"‘ﬁti‘?s’ Sf 6d" 75
-E.[Ryd] NR K-H Dirac NR K-H Dirac
@=000) | (x=000) | (x=0.00)
Tog 7716.1 8578.0 8967.8 7716.5 89783 8968.1
T 1344.0 1691.4 1688.5 1344.4 16917 1688.8
—2pp 1629.2 1629.5
S 1301.6 1392.9 1552 1302.0 1393.3 o
38,0 340.82 329,96 429.04 34126 43031 429.38
3 402.12 402.45
—3Pu ] 399 347.69 h 32035 348,03 e
3 287.32 287.65
—_— = A S
280.71 279.04 1% 281.15 279.39 1.8
rrm 86.621 110877 | 110.535 87.055 111218 | 110.868
98.347 98.680
—“Pm——-% 76.897 84.048 B 77.330 84,389 s
—:2:— 58.711 58.005 iz':;g 59.145 58.345 2‘3;3
s 31,019 31.353
—-—fiﬂ——‘% 33.439 30.689 Lo 33.876 31.032 31353
S8iz 8721 24.846 24.707 19.132 %5.182 25.035
5 19.892 20218
_Lsp,, 14.906 16.433 2892 15312 16.764 e
—gg-:— 82143 7.8547 g;m 8.6036 8.1716 gm
5 0.23657 0.46805
———fﬂ—sfm 068760 | 023213 BT 099393 | 047234 [0
G5z 26553 3.6886 3.6514 28621 39147 3.8664
—-—2{#—- 16210 1.7241 3?3;: 17933 1.8989 —%ﬁ%
— w1 026085 | o018e10 2102 | 544547 | 024310 2BDBL
6dsy 0.17348 0.22085
Tors 030884 | 036844 | 036721 | 032988 | 0.40323 | 0.39809
E gy [ Ryd ] | 54009.6522 | 59116.6600 | 59359.1799 | 54009.1266 | 59116.5173 | 59359.0538
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FFEaraIv
(continued)
(g) Am
LDA ground con. : 5f7"* 6d* 7s? SE°6d" 7s*
-E4[Ryd] NR K-H Dirac :
(x=000) | x=000) | x=0.00) MR Bl e
18,4 7887.8 9216.3 9205.4 7888.3 9216.6 9205.7
28, 1377.0 17434 1740.4 1377.4 1743.7 1740.7
2 1679.7 1680.0
_Lzm 1334.0 1429.8 53 1334.5 4302 |—oe—
38, 350.45 444.70 44373 350.90 445.07 444.06
3 416.21 416.54
—-—-P«W—apm 329.22 358.47 .45 329.67 35884 —ete—
3d 296.49 296.83
R . | —r
3 289.42 287.79 T 289.88 288.15 281.54
dsyy 89.606 115.400 115.047 90.054 115.763 115.381
4 102.554 102.887
———m-—wm 79.693 87.297 R £80.140 87.659 e
4d 62.495 62.828
— ]
i 61.143 60.458 S 61.591 60.820 1T
4f. 32.832 33.167
— ]
e 35.330 32.466 ¥ 35.781 32.830 S 1%
S81 19.402 26.006 25.871 19.826 26.364 26.201
5 20.897 21.225
——--P-R—SEB 15.483 17.149 T 15.902 17.500 st
5d 8.6172 8.9310
— ] A, A
o 8.5900 8.2350 78697 8.9928 8.5721 21000
S, 0.28793 0.53067
—T - — . S i L S
S 0.76317 027413 0.20409 1.08508 0.53590 o
68,5 2.7137 3.8224 3.7891 2.9275 4.0651 4.0121
6p1 23515 2.5492
o 1.6517 1.7606 o) 1.8300 1.9487 e
6dy, 0.19222 0.25378
e 0.26675 0.17727 i 0.34453 023912 o= —
Mg 0.31134 0.37235 037177 0.33284 0.41011 0.40461
-E gy [Ryd ] | $5383.7372 | 60754.7455 | 61016.3420 | 55383.1261 | 60754.5420 | 61016.2397
(h) Cm
Sf76d" 7s* LDA ground con. : S£"** 6d ' * 7s?
-Ey|Ryd] e NR K-H Dirac
R i Dira¢ "3~ 100) | G=1.00) | (x=100)
152 8061.9 9459.9 9448.2 B061.4 9459.5 9447.9
28, 1410.8 1797.1 1793.8 14103 1796.8 1793.5
2 1731.8 1731.5
———szm 1367.3 1467.6 e 1366.8 14613 |5 —
38, 360.67 460.20 459.13 360.20 459.82 458.78
3P 431.01 430.66
g 339.12 369.82 oy 338.65 369.43 Y
3d 306.15 305.80
.. - SE—
TR 298.72 297.04 T 298.25 296.65 s
48, 93.081 120.418 120.019 92.619 120.035 119.667
4 107.214 106.863
_Em_*‘m 82.978 90.977 e 82.516 90.595 SR
ddy, 65.457 65.106
e 64.062 63.322 G 63.600 62.940 i
4, 35.019 34.666
. . - - —
i 37.711 34.649 Y 37.245 34.265 .60
5810 20515 27.566 27.402 20.077 27.188 27.054
5 22.264 21.918
—EW—-+5 16.487 18.236 S 16.054 17865 [—ecn—
5dyy 9.3639 9.0329
Sae 9.3774 8.9678 S 8.9610 8.6113 S
5fen 0.59843 0.33724
S 1.17409 0.59694 S Bas 0.83678 031464 —oSe—
65,5 2.9901 42153 4.1627 2.7692 3.9564 3.9259
6 2.6446 2.4339
__Em_ﬁ_l'-‘u 1.8646 1.9962 S 1.6803 1152 [—Foes—
6dy, 0.25006 0.1859%
5d 0.34293 0.23462 BoTiAE 0.26305 0.17061 L —
T8 0.33573 0.41720 0.41145 0.31366 0.37628 0.37618
-E 4y [Ryd] | 56777.2355 | 62424.5160 | 62706.6702 | 56777.9311 | 62424.7782 | 62706.8268
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ISR & N7 EBRAN & ¥ 5, NR 12 X T, #HM R
Wz A A - 72 K-H ¥ Dirac D34 Ok FH192 8
i NETWTEINRAHIEIICLE>TWS
LD b B FCHBEEIC DWW THO—BIIR(,
WRRIc L BIc DN TRERKEL - Ty MM
hab, 1271, 5f, 6d, Tsh EFEWEZABICHHHE
Pz 2D2WTlE, A7 P WVENSORELXZ XL 5
>C, EBREL ZALZICEBRTERZLOTIRAWE
LICHEETIRETH S,

*kiz, Th(6d*7s?) 51, 6d, 7s $LED T RN ¥—
ATz oW T NR, K-H, Dirac @ 3#EHO18Iz &
2B NERTAS, NRTCRE<Eu<E ki
- TwbH%, K-H Tk s oM oBEfRIc 2Lk
ETE<E 4 <Est%u->Twd, ZHIZHENE
WBRICBIT2HEXREEHEICELY) ns AL (n=
1~7) #METL, ZofKRET 2EEMOERKIC X
N 5f, 6d¥efir* bR 22720 THS[6], B TY, 5
f#efTon FRADRE, Ts ¥l 3R TALICHEI L C
WwaA, HEICBWTREMREL 25 A, KR
ELTHASINTWARO6d EMDOTICHEL T3
DT, 2) THRXLFEIIEOICII—HEFEI nLHh
LEHAICHEFEINLZRTIBI LW, ZRTH, b
DM DT L @I, ST MO AE W R 2K
Bl T0.5Ryd 2 50.1 Ryd ~ S NIE L 5T
BY, @iz KBicEEI N TR 5, Dirac
WAz, of L6d WuEA A E - HEEEERICE D 4
LT T, K-HofRS» 562) 2BET 213D
KEWEIZ L, 4RDFHHIC BT 20D
W TN ROZIRE FE L COMBII 2R - C
Wh, 2720, BB A NX—RANIE & D—IL
EWH3)DERICEW TR, A FuEMEEERIC
LBHRIEBETH D,

Th S BRFiIc2WTik3, #ulicfx L ¥—
AT DWW TIE, EBtE Th oftiz U o b H%
bTwa, Ungtfflir ERili% g+ 5 &, —
KicowiToMmiz LTk~ Thogs&rFERL T
hH b, WOEFD5E, 6d, TsicHWT, iHEH» LK
O NI ANRIORIZL N ETE~XA Th
DAL LB E Z2RT, 216 OMONLERFRI,
AcizcBw iz, NRIic BT 2 FfEI1x K-H TI35f »¢
LA L TREMICBE L TWBDTHEL TWA,
S THELZEFICOWTIL, £ NR Tl
7s Heie AL, 5f Hi FALIC » 2 MAEIC » 545, K-H
Tlx6d A% B4, 7s A% FALIC FFET 2@ H
5,722, Np: Cm Tix £ 5 3% b, Mkt
W RDBEAI LN Ex < By < Ey £ %> T

5, ZhLIiz, 5, 6d, 7s DEIDALHE BRI T
EN B THEIICEWTELRLNIZRAEY
S E AN & E DN MO EBEFIZOVWTOF
iz, = Tfbn K-H oksRic 11 55f #fir
DRELFLAZHET L L, AL H5EE LREET
B ko TKRERHBZZ ) LRBRLIT S,

O - BaN[6lick->TLBHcEMIATwa
& 912, Bl AL X — 2T NIRRT,
— AN IIRDE IR T B e TE B, £C
DEFIZBWT, s, pHUBEDHESLIZ NR icH~XTK
-H, Diraco ¥ 55 K< k->TH N, NEMITL
Iz kEW, LL, d fHulSIcE L
D, FREEMNZ & T oL AE W, DI kN
W E L (ELTWT, BRIk X %
AR OsHulZ, BREEFHICLIZDx
ANFK—HAHMET L, BuEPEI VNS < e 2
hb, £ LT, ZOPEFEDONHEIL d, f#uEIc
HHEFICHL TEEMZERKT 2 L)< 2
®, d, fHEICH 2B FO R NX—Hi0iddiz b
AL, ZhbOWEEERIZIMINED S L) 2 &
EREEL Twa,

%72, Tablell#%, Th: UdntH5ic0<x<
1 ®#iii7z 3 x TLDA BKEEAIRE 5 & &(135f &
6d ELIZIER IR L 2B h B &, F 72, 5,
6d, 7s WLEEMOAMERRIZ x Offiiz L ) 2T 5
& bd b,

5. FLHESEDRE

B X[1]Ic5 2 E T 7F = FEFIc>WTH
AR FRLERT R 21T, BIEEERS L 2o R
MEL A, Ul A L¥—lefr, REREOR
B L UEEE D L A NX - 2o xdd B A
WO RIC DWW TRANRT:, ZORRMR Iz L
LAEBROBEEINET S,

1) BFME7—vo HEEREEDBEAMRELT,
SWEN I ANX—EMDET, BIUZNICLS
Wl ost, 6d MO = AL ¥—Heffod A -HEE
ani,

2)  FEHMERIC R TEP ICERISFEWELET 2L
¥ —MWATHFF L LT,

3) BIETHRARES, 1), 2)icowTiz, B
I N, —HEBRBEEICADLLT VWL DR
S>TENEEMICHBRINLRTIE 2w, L2 L,
F—HOEFER-72DIcHOWTH, IROYICIZER

KHE R ELEBIS
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