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ENERGY MATRICES OF THE fJ5 ELECTRON CONFIGURATION

B. G. Wybourne*

Lawrence RadiationvLaboratory
University of California
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ABSTRACT

The complete electrostatic and spin-orbit matrices of the'f5 electron

configuration have been calculated and are presented in a tabulated form.

Address after December 1, 1962: Division of Chemistry, Argonne National

Laboratory, Lemont, Illionis.
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ENERGY MATRICES OF THE.f5 ELECTRON CONFIGURATION
B. G. Wybourne
Lawrence Radiation Laboratory

‘University of California
Berkeley, California

September 1962

Introduction

“In a recent.'_pape'r-l the calculation of the complete spinFOrbif,matriéeé
for the fs'electron configuiation wds reported. In an éarlier'paper2 the ~
complete électrostatic matrices were presented. Using thé‘results of these
calculations itbhaS'been possible to constfuet the energy matriées éf'thé 
f5 configuration. ~These energy matrices have been appliedtto the analysis =
of the crystal spectra of trivalent samarium, dys_pr:osium3 and plutonium ions.
To permit a wider usage of these energy matrices they have been tabulated"by'”.

a’directﬁpfint—out"of the’matrix'eleménté which were checked and stored on

punched cards.auWhéaresuLtsbare;giyenumnithiéireport;L,'



-2- UCRL -10448

THE ENERGY MATRICES

5

The states of the f configuration have been labeled using the group

p)

theoretical classification oflRacahi Thé labeling of the states is performed
by introducing two groups which provide two additional sets of quantum numbers

W and U. The first is a set of three. integral numbers W = ( w w_w,) with w, >

123 1~
Wy ;'WS >0 and all w £ 2, while the second is-a set of two integers
U Ev(ufi,uz) with 2 > w >, >0. By specifying the quantum numbers WUSL

1

all the states of thelf5 configuration are distinctly labeled with the' .
exception of some ofzthe.staies labeled with U = (31) and U = (L0) where.fhe“
same LS.label ocCgrs_twice.6A These states can only be separated in an |
arbitrary manner and in this we shailvfollow the separation made by Racah
and in the tabulation of the matrix elements indicéte‘one of thevaoubly
occu?ingvgtgtgsﬁwithVan.asferisk.

;>Th¢j@§trix elements of eiectrostaticLinteraction are expressed in terms

2 3 >

of the parameters EO, El, E 7, and E°, which have been -defined by Racah” in
terms of the Slater radial Fk‘integrals as follows:

EO

Fo - 10F, - 33Fu - 286F6

=
fi

(70F2 + 23L F) + 2002F6)/9
E® = (F, - 3F), + TFg)/9

B3 - (5F, + 6F, - 91F,)/3
The energy contribution involving the parameter E° is a constant for
all terms of a given £ configuration and is omitted from the tabulation. The
coefficient associated with EO for algiven £ configuration is given by the
general expression:

e, = n(n - 1)/2

-«
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Checking procedures fof the electrostatic matrices have been given in an earlier
paper.2 Reeently Nieleon.and Nutter? have.checked the tables of Racah's
paperSIfrom which these matfix elements wefe evaluated aed found one misprint.
In table V1b of Racah paper the entry (30[ Xx(K*)[sl) should fead 72(1122/23)1/2.
The matrix eiemeht (fn(Bél)(3O)KJe2]fn(ZZl)(3l)K*)'apart from the phase, should

be 216(23&6)1/2/46. This one matrix element in the f5, f6, and £/

electro-
. . . . , 2,8
static energy matrices must be corrected in the earlier tabulations.
The spin-orbit matrices were cempletely checked out by diagonalization
of the matrices and requirihg that the eigenvalues caiculated in JJ coupling

3

~b.e reproduced.

TABULATION OF THE MATRICES

Asbthe energy matrices are real and symmetric only the diagonal
elements énd the lower half of the off-diagonal elements are reproduced. The
first entry is the J value of the energy matrix and immediately below it is
the rank of the matrix. In the first and secend columns of the tabulatiocn
the row and column in which the particular matrix element occurs 1s specified.
The phase of the matrix element is given immediately after the column nﬁmber
(where no phase is indieeted it is to be takeh as positive). The actual ‘matrix
elements are given in the form a Jhb/d where a is in column three the b in.
column four and d_in'column'five. The matfices of the coefficients of the
parameters are presented in the sequence. El, EZ, E3 and ZETA where ZETA
represents. the spin-orbit parameterigfa As the coefficients of El are
diagonal in the WUSL scheme the Racah classification has been specified

along side of the matrix elements of El. Only the non-zero matrix elements

have been tabulated.b
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J = 9/2 ENERGY MATRIX OF F5

29 RANK OF MATRIX
1 1 0 1 1
2 2 5 1 1
3 3 5 1 1
4 4 5 1 1
5 5 9 ] 1
6 & 5 1 1
707 5 1 1
8 8 5 1 1
9 9 9 1 1
10 10 8 1 1
11 11 8 1 1
12 12 8 1 1
13 13 8 1 1
14 14 12 1 1
15 15 12 1 1
16 16 0 1 1
17 17 5 1 1
18 18 5 1 1
19 19 5 1 1
20 20 8 1 1
21 21 8 1 1
22 22 8 1 1
23 23 8 1 1
24 24 8 1 1
25 25 12 1 1
26 26 12 1 1
27 27 5 1 1
28 28 5 1 1
29 29 9 1 1
3 3- 65 1 1
4 2 20 1413 1
4 3~ 72 195 3
4 4- 76 1 1
6 6~ 1040 1 7
7 6- 48 2145 21
707 3267 1 21
8 6 156 15 3
8 7- 48 143 3
8 8 312 1 3
10 10~ 260 1 7
11 10- 240 390 42
11 11 29413 1 21
12 10- 39 15 3
12 11 480 26 12
12 12 26 1 1
13 10 45 1365 7
13 11 2208 14 28
13 12 30 91 1
13 13- 122 1 1
14 14 780 1 7
14 13 24 4290 7
15 15— 16813 1 7
1

18 17- 10 182

-28 -

11091046F
211+1044F

211921 44F

211930 44F
111+1044F
211920+4G
211921,4G
211930+4G
11192044G
22192042G
221921426

221530926

221931426
210920426
210521526
11091156H
211911 94H
21192154H
21193044H
221911+ 2H
2219212H
2219304 2H
221931 42H

2219319 2H%*

2109114 2H
2109214 2H
2119204541
211920441
11120441
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1- 3 182
2~ 1 3003
4— 55 21
5 1 5005
6 1 2145
7 73 1
3- 1 385
6- 1 15
7= 1 143
8 1 1
1 1 330
2- 11 5
3- 7 33
4- 1 715
6- ] 7
7~ 1 15015
8 1 105
9 1 1
2- 13 385
3- 1 21
4— 1 455
5- 1 231
6 1 11
7 11 195
8~ 1 165
9- 1 77
10 2 1
2- 5 6006
4— 5 ©o4?
5 1 10010
6- 43 4290
7 121 2
8 1 286
9 1 30030
10- 23 390
11 29 1
3 7 . 35
. 6— 7 165
7 77 123
8 1 11
9 1 1155
10— 1 15
11 31 26
12 11 1
3 1 65
6 1 15015
7 209 7
8- 1 1001
9 1 2145
10~ 1 1365
11 19 14
12 1 91
13- 3 1,
2- 5 385
3- 2 21

28
504
252
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1 455 63
1 231 14
3 11 T 42
2 195 315
1 165 45
1 77 42
8 1 21
7 390 630
1 15 45
1 1365 105
2 1 21
5 546 168
5, 462 84
1 910 56
11 390 840
19 22 105
11 26 60
11 2730 840
1 4290 420
13 11 105
1 286 120
19 154 280 '
1 4290 210
1 1 35
3 1001 55
2 2145 55
7 1 5
8 385 99
6 231 495
8 55 495
1 35 9
2 21 9
1 35 9
1 39 10
1 1 10
4 1430 495
8 6 15
8 858 495
4 10010 495
1 130 90
1 -3 15
7 78 180
1 42 20
4 130 45
1 33 5
1 1 10
8 15015 3465
4 7 105
8 2145 495
1 1365 315
4 14 105
2 1 5
1 1365 315
4 154 35 .
3 1 10
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11/2 ENERGY MATRIX

RANK OF MATRIX

1 0
2 5
3 5
4 5
5 9
6 0
7 5
8 5
9 5
10 8
11 8
12 8
13 8
14 8
15 12
16 12
17 5
18 5
19 9
20 8
21 8
22 8
23 8
24 12
25 5
26 5
2~ 1040
2- 48
3 3267
2 156
3~ 16
4 312
7- 10
8 197
7- 30
8- 22
9- 176
10 14
11- 977
10 2
11 10
12— 44
10 2
11 31
12- 240
13- 92
10— 600
11 103
12— 528
13- 192
14 10720
16 21
17 40
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221931 s 2H*
2109119 2H
2109214+2H
211920941
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111420441
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211930,4K
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= 1372 ENERGY MATRIX OF F5
RANK OF MATRIX

1 0 1 1
-2 5 1 1
3 5 1 1
4 5 1 1
5 5 1 1
6 5 ] 1
7 9 1 1
8 8 1 1
9 8 1 1
10 8 1 1
11 8 1 1
12 12 1 1
13 5 1 1
14 5 1 1
15 8 1 1
16 8 1 1
17 8 1 1
18 8 ] 1
19 12 1 1
20 5 1 1
2- 10 182 1
3 197 1 1
2~ 30 39 3
3- 22 42 1
4~ 176 1 1
5 40 1 1
5- 120 3 1
6— 50 1 1
8 10 1 1
8 30 2 1
S- 25 1 2
8 270 1 1
9- 171 3 2
10~ 1151 1 10
9 27 102 1
10- 153 . 34 5
11 788 | 1 5
12— 30 1 1
13- 219 1 1
13 8 17 1
14 188 1 1
15 6273 1 33
15- 20 374 11
16 47 1 1
15- 156 14858 253
16- 741 4807 253
17 61753 1 253
15— 2016 759 253
16 216 2346 46
17 72 21318 253
18- 3868 1 23
19~ 135 1 1
20 85 1 1
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2219304 2K .
22193192K ‘
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’

10 29 182 637
11~ 5 1547 637
12- 32 65 273
13- 319 1 504
5 8 442 273
7- 8 3094 273
8 2 1105 273
10 2 3094 637
11- 100 91 637
12— 2 1105 273
13 11 17 126
14~ 11 1 18
5— 43 22 231
6 1 66 77
7 1 154 231
8 23 55 231
9- 31 165 308
10 29 154 2156
11- 5 1309 2156
12 34 55 231
13 223 143 2772
14 1 2431 693
15 635 1 1386
5 1 17 6
7 1 119 42
8 5 170 84
10—~ 1 119 98
11 25 14 98
12- 11 170 84
13 1 442 36
14 1 26 18
15- 21 374 1386
16— 11 1 9
5 67 1463 7546
6~ 4 4389 3773
7 67 209 1078
8 67 14630 15092
9- 1 43890 3773
10 9 209 1078
11- 15 7106 1078
12 67 14630 15092
13 47 38038 15092
14~ 9 646646 7546
15~ 47 266 7546
16— 9 24871 3773
17— 2113 1 3773
5 2 714 343
6 30 238 343
7 2 102 49
8 2 1785 343
9 15 595 343
10 1 102 49
11 25 3 49
12 2 1785 343
13- 19 4641 4116
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18 14~ 53 273 1029
18 15 19 3927 22638
18 16~ 513 42 1029
18 17~ 25 21318 3773
18 18 54 1 343
19 5- 1 2 7
19 6- 3 6 7
19 7- 1 14 7
19 8- 1 5 7
19 9 3 15 28
19 10 87 14 196
19 11- 15 119 196
19 12 2 5 7
19 13- 1 13 84
19 14~ 1 221 21
19 15 85 11 462
19 16 - 1 34 42
19 17- 141 2926 7546
19 18 19 357 686
19 19- 9 1 14
20 13- 1 663 24
20 14 1 39 6.
20 15 1 561 132
20 16- 7 6 12
20 17 3 149226 2156
20 18- 79 7 196
20 19 1 51 4
20 20- 15 1 8
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= 15/2 ENERGY MATRIX OF F5
RANK OF MATRIX
1 0 1 1
2 5 1 1
3 5 1 1
4 9 1 1
5 5 1 1
6 5 1 1
7 8 1 1
8 8 1 1
9 8 1 1
10 8 1 1
11 12 1 1
12 5 1 1
13 8 1 1
14 8 1 1
15 12 1 1
16 5 1 1
2 40 1 1
2- 120 3 1
3~ 50 1 1
5~ 219 1 1
5 8 17 1
6 188 1 1
7 6273 1 33
7- 60 374 33
8 47 1
7- 156 14858 253
8~ 741 4807 253
9 61753 1 253
7- 2016 759 253
8 216 2346 46
9 72 21318 253
10- 3868 1 23
11~ 135 1 1
12 85 1 1
13- 1285 1 11
13- 144 95 11
14~ 2356 1 11
15 105 1 1
16- 50 1 1
1- 9 1 1
2- 2 1 1
2 2 3 1
3~ 11 1 1
2 3 7 1
3- 6 21 1
5~ 13 1 3
5 8 17 3
6 16 1 3
7- 281 1 33
7- 29 374 33
8- 5 1 3
7- 7 14858 253

8 23 4807 253
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110s1146H
211920941
211930941
11192041
21192194K
21193094K
221921+2K
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9 2675
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1- 1
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10- 79
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12 31
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-52- UCRL-10448

= 17/2 ENERGY MATRIX OF F5
RANK OF MATRIX

1 5 - 1 1 21192194K £1
2 5 1 1 21193054K
3 5 1 1 21192194L
4 8 1 1 221921s2L
5 8 1 1 221931520
6 12 1 1 210921520
7 5 1 1 21193094M
8 8 1 1 221530+2M
9 8 1 1 2219319+2M
1- 219 1 1 E2
1 8 17 1

2 188 1 1

3 85 1 1

4- 1285 1 11

4- 144 95 11

5~ 2356 1 11

6 105 1 1

7- 50 1 1

8- 25 1 2

8~ 63 35 2

9~ 43 1 2

1- 13 1 3 £13
1 8 17 3

2 16 1 3

3- 23 1 1

4—~ 115 1 11

4— 3 95 11

5~ 160 1 11

4 18 11 11

5- . 9 1045 11

6— 21 1 1

7~ 23 1 1

8- 43 1 2

8- 3 35 2

9 11 1 2

1 29 1 24 ZETA
1- 1 17 6

2 7 1 6

1- 1 95 8

2 1 1615 34

3 25 1 72

1- 1 55 44

2 1 935 187

3 31 209 396

4 35 1 198

1- 3 209 44

2 3 3563 187

3 19 55 396

4 1 95 198

5- 10 1 99

1- 3 5 4

2- 3 85 17

3- 1 19 12
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11 66
1045 66
1 2
170 153
35530 1683
374 1683
3230 51
1 18
1 9
209 396
55 99
19 © 12
170 36
1 36
35 9
7315 396
17 99
665 12
238 36
35 36
1 36
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19/2 ENERGY MATRIX OF F5
RANK OF MATRIX

1 5 1 1
2 5 1 1
3 8 1 1
4 8 1 1
5 8 1 1
1 85 1 1
2~ 50 1 1
3- 25 1 2
3- 63 35 2
4~ 43 1 2
5 76 1 1
1- 23 1 1
2~ 23 1 1
3- 43 1 2
3- 3 35 2
4 11 1 2
5- 37 1 1
1 5 1 3
1 1 14 3
2 1 1 3
1 7 6 12
2 1 21 12
3 11 1 8
1 1 210 12
2- 7 15 60
3 1 35 40
4- 11 -1 40
2- 1 165 10
3- 1 385 20
4 9 11 20
5- 3 1 5
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= 21/2 ENERGY MATRIX OF F5

RANK OF MATRIX

1
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1-
2
3
1_
2~

1-
2
2
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= 23/2 ENERGY MATRIX OF F5

RANK OF MATRIX

1
1
1_
1

8
10
26

1

bt bt

N
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21193094M
221931 2N
221931520

221431520
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission'" includes any employee or contractor . of ‘the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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