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Spectroscopic Calculation Code ASPECT and its Application
Shosuke IMOTO* and Ikuo WAKAIDA

Department of Chemistry and Fuel Research
Tokai Research Establishment
Japan Atomic Energy Research Institute
Tokai-mura, Maka-gun, Ibaraki-ken

{Received March 1, 1996)

The Code ASPECT is available for calculations of electronic levels of atcms
and ions by the intermediate coupling scheme. This scheme is characterized by
the simultaneous diagonalization of Hamiltonians for electronic repulsion, spin
orbit interaction and crystal field effect. ASPECT performs the sorting of
microstates involved in the electronic configuration in problem, calculation of
matrix elements of these Hamiltonians, and diagonalization of the summed
matrix. As input data, the calculation needs only parameter values of Slater
integrals. ASPECT is also applied to calculate transition probabllities between
the electronic levels obtained by this code.

ASPECT is particularly focused on complex configurations containing f-
electrons as met in Lanthanides and Actinides, which are not easily treated by
an algebraic method. For convenience of users, Slater integral values for
_configurations £ of Lanthanides and Actinides are installed in the code s0 that
users may select merely the atomic number.

This document is composed of three parts. The first part (Chapter 1-3)
describes guantum mechanical principles to calculate matrix elements of each
unperturbed Hamiltonian and transition probabilities. The second part (Chapter
4) explains the structure of the code, and the last part {(Chapter 5) serves as
the manual for applications of this code, in which some samples are included.
The third part (Chater 6) is added as supplement for users who will improve
this code.

Keywords: Intermediate Coupling Scheme, Energy Level, Electronie Structure,
Lanthanide, Actinide, Transition Probability, Icnization Probability
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4. 6. 8§ D 4 EDEE ANT B & ZRFHUTONT 30 FOBERRESFLR, AFT 120 &<
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VEEREIER DB L O ORI AR S KIS NT, MT (V2 MZRERETARD) HIF
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P )




JAERI—Data/Code 96—017

#7 {Em,kq|£'m'}/e(£k€) O (FD3)

{Em,kq{ f‘m'} =avb

i OEFE

£yl

{Em, kql r m‘}/e(ﬂkf‘)

—25

12

16

-12

15

15

-15
-25
-10
-20
-24
-20
-10

15

15

10

10

15

—49

Ley

36
-30

30

30

32

20

15
156

-15
-32

—20

30
o4

30

10 -40

-10

54

-63
-14

14
14

14
63

42

42

70
42

70
42

-2

El




JAERI—Data/Code 96—017

#*8 {fm,kq[ﬁ'm'}/e(fkﬂ) @ﬁ?ﬂ%iﬁ KP(.K)

* 8A KPUKWIBWT m,m OkE525 1 DE

m'\ -3 -2 -1 0 { 2 3
3 1 2 3 4 5 6 7
2 8 9 10 11 12 13 14
1 15 16 17 18 19 20 21
0 22 23 24 25 26 27 28
-1 29 30 31 32 33 34 35
-2 36 37 38 39 40 41 42
-3 43 44 45 46 47 48 49
% 8B KPAKITkWT £k, 0 D% 5A5KOE

K ¢ k 4

1 3 1 2

2 3 3 2

3 3 5 2

4 3 2 1

5 3 4 1

6 2 1 1

7 2 3 1

8 i 2 1

9 2 2 2

10 2 4 2

11 3 2 3

12 3 4 3

13 3 6 3




JAERI—Data/Code 96—017

# 81 714 KPAK) #®1 K=t OB

0 0 0 0 0 0 0
L.k, O 0 0 0 0 1 -5 15
3,1, 2 0 0 0 3 -8 10 0

0 0 6 -9 6 0 0
KP({,1) 0 10 -8 3 0 0 0
[=1~49 15 -5 1 0 0 0 0

0 0 0 0 0 0 0

# 82 114 KPQK) #w2 K=2 0&H&

0 0 - 0 0 0 0 -0
L.k, 2 0 0 10 -20 24 -20 10
3,3, 2 0 25 -15 2 2 -15 25

25 0 -9 16 -9 0 25
KP(,2) 25 -15 2 2 -15 25 0
I=1~49 10 -20 24 -20 10 0 0

0 0 0 0 0 0 0

# 83 13 KPQK) #m3 K=3 OiEs

0 0 0 0 0 0 0
Lk L 210  -126 70 -39 15 -5 1
3, 5, 2 84 -112 105 -80 50 -24 7

28 -63 90 -100 90 -63 28
KP({,3) 7 -24 50 -80 105 -112 84
I=1~49 1 -5 15 -35 70 -126 210

0 0 0 0 0 0 0

# 84 778 KPAIK) %04 K=4 OB

0 0 0 0 0 0 0
e k.0 0 0 0 0 0 0 0
3,2, 1 0 0 3 -9 18 -30 45

0 15 -24 27 -24 15 0
KP{,4) 45 -30 18 -9 3 0 0
I=1~49 0 0 1 0 0 0 0

0 0 0 0 0 0

0



JAERI—-Data/Code 96—017

175 KPAK) £D5

# 85

K=5 O3gs

0
28

-10
-16
-10

15

15

-21
-12

-12
-21

15
15

28

-3

1
0

¢k, 0
3,4, 1

KP(d,5)

I=1~49

K=6 OiFa

FD6

# 86 11%] KPQK)

0
0

0
0

207 K=7 OHBE

1171 KP(1,K)

0
F 87

ek, 0
2,1, 1

KP{.6)

I=1~49

0
0

18
27
18

-30

-24

45

15
45

-24
-30

15

0
0

L.k, 0
2,31

KP(Q,7)

1

1~49

208 K=8 OEH

1751 KP(,K)

# 88

0

0

0
0

L.k, 0
1, 2,1

KP({.8)

I=1~49




JAERI—Data/Code 96—017

# 89 175 KPALK) #7009 K=9 O%&
0 0 0 0 0 0 0
L.k, 2 0 0 0 - 6 -4 0
2,2, 2 0 0 -6 1 1 -6 0
0 -4 -1 -1 -4 0
KP({1,9) 0 -6 1 1 -6 0 0
I=1~49 0 -4 § - 0 0 0
0 0 0 0 0 0 0

% 8-10 #7% KPA.K) Z»10 K=10 OFE&
0 0 - 0 0 0 0 0
£,k 0 0 70 -35 15 -5 1 0
2,4, 2 0 35 -40 30 -16 5 0
0 15 -30 36 -30 15 0
KP{d,10) 0 ) -16 30 -40 35 0
I=1~49 0 1 -5 15 -35 70 0
0 0 0 0 0 0 0

# 811 118 KPQK) #v11 K=11 OFd
0 0 0 0 -10 25 -25
L. k.0 0 0 0 -20 15 0 -25
3,2, 3 0 0 ~24 2 g -15 -10
0 -20 -2 16 -2 -20 0
KP(d,11)| -10 -15 9 2 -24 0 0
I=1~49 | -25 0 15 -20 0 0 0
-25 29 ~-10 0 0 0 0

# 812 175 KPQUK) *D12 K=12 OHE
0 0 42 -63 54 -30 9
Lk 0 0 70 -14 -3 32 -49 30
3,4, 3 42 14 -40 15 1 -32 54
63 -3 -15 36 -15 -3 63
KP({,12) 54 -32 1 15 -40 14 42
I=1~49 30 -49 32 -3 -14 70 0
9 -30 54 -63 42 0 0




JAERI—Data/Code 96—017

7% 813 175 KPAK) %@™13

W o
o =
Lo o

KP(,13)
I=1~49

-924
-462
-210
-84
-28
-7
-1

462
504
378
224
105
36
7

-210
-378
-420
-350
-225
-105

-28

84
224
350
400
350
224

84

K=13 OHE

-28 7
-105 36
=225 105
-350 224
-420 378
-378 H04
-210 462

-1

-28
-84
-210
-462
-924




JAERI—Data/Code 96017

#14 EHEH (1)

CsUFes DFERBIR

FOR SLATER, INPUT 1, LIST 2, GERKEN 3, ACTN 4
1%721

INPUT F(1-10), G(1-10), ZF, ZD, ZP
T*720%0.,1914.6,2%0.

CONFIGURATION 7

I*20
*

0.00000 0.00000 0.00000 0.00000 0.00000
0.00000 0.00000 0.00000 0.00000 0.00000
0.0Q0000
0.00000 0.00000 0.00000 0.00000 0.00000
0.00000 0.00000 0.00000 0.00000 0.00000
0.00000
1914.60000 0.00000 0.00000 0.00000 0 0
CRYSTAL FIELD, OFF 0, OCT 6, TET 4, CUB 8
CI*?6
INPUT B4(d), B4(f), B6(L)
I*70.,6083.4286,3020.
0.00000 6083.42860 3020.00000
CONFIGURATION 2
I*?1,3,1
1 3 1
2J+1 2
I*722
MI= 1/2 N= 3
2824.105
-~-708.067 4399,245 4781.138 0.000
0.000 0.000 0.000 0.000
NUMBER OF OQUTPUT?, NUMBER OF VECTOR?
I*20,0
E-VAL 1, MEMORY 2, TRANS 3, ION 4
T* 721 '
-3385.911 2.724 3.000 0.500 4587.082 3.322
7271.145 3.500 3.000 0.500
1 0 4] 0 0
2J+1 2
I*?4
MJ= 3/2 N= 4
-2118.079
-6272.693 -2443.493 ~962.662 1206.533
0.000 0.000 0.000 0.000
NUMBER OF QUTPUT?, NUMBER OF VECTOR?
I*?0,0
E-VAL 1, MEMORY 2, TRANS 3, ION 4
I*721
-8535.705 2.601 3.000 0.500 -3385.911 2.724
-1137.782 3.422 3.000 0.500 4587.082 3.322
1 0 0 0 0
2J+1 7
I*20

3.000

3.000
3.000



JAERI—Data/Code 96—017

CrDTFNFE—L~UL (£D 1)

£ 15 HEH (2)

FOR SLATER, INPUT 1, LIST 2, GERKEN 3, ACTN 4
I*?1

INPUT F{1-10), G{1-10), ZFr, 2D, ZP
I*2?5*%0.,1470,.,105.,14%0.,273.,0.

G.00000 0.00000 0.00000 0.00000 0.00000
1473.00000 105.00000 0.00000 0.00000 0.00000
6.00000 ,
0.000060 0.00000 0.00000 0.000040 0.00000
§.00000 0.00000 0.00000 ¢.00000 0.00000
0.00000 -
¢.00000 273.00000 0.00000 0.00000 0 0
CRYSTAL FIELD, OFF 0, OCT 6, TET 4, CUB 8
I*26

INPUT B4(d), B4(£f), B&(f)
I*2%000.,0.,0.

9000.00000 0.00000 0.00000
CONFIGURATION ?
I*?21,2,3
1 2 3
2J+1 2
I*22
MJ= 1/2 N= 30
-12176.500
-40383.000 -39837.000 -24700.500 ~24241,500 -23688.
-23142.,000 -21433.500 -19576.500 -18018.000 -17472.
NUMBER OF OUTPUT?, NUMBER OF VECTOR?
I%20,0
E-VAL 1, MEMORY 2, TRANS 3, ION ¢
I*?1
-47624.558 3.454 3.000 1.500 -32672.321 3.380 3.004
-32596.624 3.617 3.012 1.490 -32556.988 3.673 3.003
-29947.989 3.952 3.933 0.522 -29110.069 4.216 3.971
-28988.242 3.780 3.954 0.507 -24668.007 2.868 2.561
-24471.115 3.335 2.537 1.496 -24398.371 3.549 2.516
-22093.380 3.586 3.604 0.511 -17793.599 4.107 3.935
-15013.050 4.501. 4.400 0.501 -14422.640 4.171 4.160
-14183.716 4.242 4.107 0.519 -12228.752 3.760 3.626
-11536.218 2.406 1.884 1.493 -11508.090 2.543 1.930
-11388.299 2.756 2.015 1.436 -8463.965 3.197 3.372
-8354.818 3.590 3.377 0.517 -1706.013 2.941 2.876
216.916 4,974 4,726 0.500 340.908 4.714 4.712
3766.514 3.534 3.432 0.500 7793.822 3.5590 3.442
10396.607 3.210 2.838 0.500 10517.556 2.795 2.832
27808.468 2.737 2.597 0.500 29561.031 2.201 2.247
5 8 13 7 16
2J+1 7
I*74
MJ= 3/2 N= 30
-10363.500
~27363.000 -26817.000 -25519,.500 -23968.500 -23961,
-22869.000 -21706.500 -21270.000 -19303.500 -17745.
NUMBER OF OUTPUT?, NUMBER OF VECTOR?
I*20,0
E-VAL 1, MEMORY 2, TRANS 3, ION 4
I*?1



#15 #HEHF (2)

JAERI—Data/Code 96--017

Cr*+D /L F—1~Yb (FD2)

-47624.558
-32672.321
~29947.989
-24697.086
-24471.115
-21924.9498
-15013.050
-12228.752
-11454.306
-8354.818
-1603.356
1094.320
3766.514
10517.556
29591.031
5
2J+1 2
I*20

CONFIGURATION ?

I*20
*

3.454
3.380
3.952
2.808
3.335
3.866
4.501
3.760
2.623
3.590
3.023
3.130
3.534
2.795
2.201

3.000
3.004
3.933
2.567
2.537
3.594
4.400
3.626
T.775
3.377
2.832
3.000
3.432
2.832
2.247
13

1.500
1.497
0.522
1.4%0
1.496
0.518
0.501
0.619
1.500
0.517
0.500
0.500
0.500
0.500

0.500 -

~32730.324
-32596.624
-29110.069
-24668.007
~22093.380
-15075.197
-14183.71¢6
-11508.090
-11388.293
-1706.013
340.908
3483.330
7793.822
27808.468
29751.069
15

.160
617
.216
.868
.586
.403
.242
.543
2.756
2.941
4.714
3.517
3.550
2.737
2.675

3N I N SN VI N Y I

3.000
3.012
3.971
.561
.604
.408
107
-830
.015
.876
4.712
3.453
3.442
2.587
2.257

NSRS R N SN )



!

%16 EEH (3)

JAERI—Data/Code 96—017

S UEF (Bd) ozRxF—LL

FOR SLATER,
I*74

INPUT 1,

ATOMIC NUMBER ?

LIST 2, GERKEN 3, ACTN ¢4

I*?292
213.33333 28.65014 3.06453 93.30000 10.60000
231.60000 16.60000 6£9.00000 191.20000 218.00000
0.00000¢
215.00000 19.70000 3.10000 13.20000 10.20000
190.90000 10.30000 300.00000 1200.00000 3540.00000
0.00000
1704.00000 1363.00000 2000,00000 0.00000 0 0
CRYSTAL FIELD, OFF O, OCT 6, TET 4, CUB 8
I*20
CONFIGURATION ?
I*22,3,3,2,1
2 3 3 2
2J+1 2
I*?1
MJ= 0/2 N= 386
-6311.114
-21453.209 -21453.209 -20716.808 -20716.808
-18890.261 -18356.924 -18356.924 -17783.024
NUMBER OF OUTPUT?, NUMBER OF VECTOR?
I*240,40
E-VAL 1, MEMORY 2, TRANS 3, ION 4
I*7?1
-33568.792 6.000 7.738 1.792 -32837.152 5.000
-29644.677 32.000 4,309 1.492 -29627.222 7.000
-29148.821 4,000 5.589 1.694 -29093.738 6.000
~-27334.274 5.000 5.844 1.443 -27009.609 4.000
-26445.070 3.000 4.272 1.739 -26413.699 2.000
-26397.921 6.000 6£.525 1.233 -26079.771 7.000
-25759.431 8.000 7.982 1.952 -25723.056 0.000
-25522.030 5.000 5.724 1.779 -25250.415 4.000
-23738.786 2.000 3.411 1.578 -23561.331 3.000
-23526.517 7.000 7.582 1.278 ~22974.351 8.000
-22901.930 5.000 5.338 1.700 ~22792.488 6.000
-22437.658 4,000 4.547 1.593 -22297.528 6.000
-22154,246 9,000 8.078 1.931 -22015.574 1.000
-21964.322 3.000 3.757 1.639 -21935.786 7.000
~-21871.375 5.000 5.433 1.269 ~21429.918 5.000
-21389.249 3.000 3.606 1.478 -21330.539 2.000
-20924.799 4.000 5.112 1.767 -20858.607 3.000
-20638.423 1.000 2.379 1.5840 -20470.864 6.000
-20402.360 4.000 4.649 1.452 -20362.880 4.000
-20263.104 2.000 2.982 1.510 -20168.401 9.000
369 162318 16750 1673 2953
23+1 2
I*20

CONFIGURATION ?

I*20
*

-18890,
-17783.



JAERI—Data/Code 96—017

f2d > fod2 OEBRER

#17 HEH (4)

FOR SLATER, INPUT 1, LIST 2, GERKEN 3, ACTN 4

I*724
ATOMIC NUMBER ?
I*?792
213.33333 28.65074 3.06453 93.30000 10.60000
231.60000 16.60000 63.00000 191.20000 218.000C0
0.00000
215.00000 19.70000 3.10600 13.20000 10.20000
190.90000 10.30000 300.00000 1200.00000 3540.00000
0.00000
1704.00000 1363.00000 2000.00000 0.0000C 0 0

CRYSTAL FIELD, OFF ¢, OCT &, TET 4, CUB 8
I*20

CONFIGURATION ?
I*722,3,2,2,2

2 3 2 2 2
27+1 2
I*?9
MJ=. 8/2 N= 255
~-5009.256
-18795.729 -18302.429 ~18259.840 ~18044.435 -17733.
-16916.429 -16005.729 -15588.029 ~14402.682 -13524.
NUMBER OF CUTPUT?, NUMBER OF VECTOR?
I*210,0
E-VAL 1, MEMORY 2, TRANS 3, ION 4
I*?3
WRITE VECTOR FROM ? TO ?
I*21,1
1 1
READ VECTOR TQ ?
I*72
2
1 J= 6.0 = -33568.792

-25678.44% 6.000 1.1178833
~-23016.351 5.000 1.5551133
-21923.403 7.000 0.0463046
-21019.084 6.000 0.0064404
-20353.357 5.000 0.0585457
-19410.583 5.000 0.0093156
-19088.680 6.000 0.0305814

1.7072351 1.2116497 0.0645052
2 J= 5.0 E= -32837.152

~-25678.449 €.000 0.4213022
-23387.023 4.000 0.2375795
- =23016.351 5.000 0.6655143
-21019.084 €.000 0.0107575
-20353.357 5.000 0.0000224
-20053.514 4.000 0.0434251
-19412.43 4,000 0.2252392
-19410.583 5.000 0.0090908
~19088.680 6.000 0.0011598

1.7946332 0.76073995 0.4652397
— R4 —



JAERI—Data/Code 96—017

#18 EEH (4) BHEH (4) CRUEBH XL M=5

J= 6.0 = -33568.792
-25678.449 6.000 1.1178833
-23016.351 5.000 1.5551133
~21923.403 7.000 0.0463046
-21019.084 6.000 0.0064404
-20353.357 5.000 0.0585457
-19410.583 5.000 0.0093156
-19088.680 6.000 0.0305814
-18629.553 7.000 0.0066981
~18470.455 6.000 "0.0151285

1.7072275 1.2116507 0.0646052

J= 5.0 E= -32837.152
-25678.449 6.000 0.4213022
-23016.351 5.000 0.6655143
-21019.084 6.000 0.0107575
-20353.357 5.000 0.0000224
-19410.583 5.000 0.0090908
-19088.680 6.000 0.0011598
-18470.455 6.000 0.0155790

0.0000000 0.7608006 0.4652379

103 1510 1665 1536 2446



JAERI—Data/Code 96—017

#:20 EHEH (5) fop DA FAFEE (FD 1)

FOR SLATER, INPUT 1, LIST 2, GERKEN 3, ACTN 4

I*22

LIST NO ?

I*22

LIST NO= 2 .

213.00000 29.00000 3.00000 0.00000 0.00000

0.00000 $.000090 0.000710 ¢.00000 0.000060
0.00000
0.00000 0.00000 0.00000 0.00010 0.00010
¢.00600 0.00000 0.00000 0.00000 0.00000
¢.00000

1700.00000 0.00000 0.00010 0.00000 0 Q

CRYSTAL FIELD, OFF 0, OCT 6, TET 4, CUB 8
I#*20

CONFIGURATION ?
I*22,3,3,1.,1

2 3 3 1 1
2J+1 7
I*211
MI= 10/2 N= 95
-7075.341
-23697.010 -23697.000 -22847.000 -15749.008 -15749.
-15479.002 -14347.000 -14115.008 -14115.000 ~13779.
NUMBER OF OUTPUT?, NUMBER OF VECTOR?
I*230,0
E-VAL 1, MEMORY 2, TRANS 3, ION 4
I*74
READ VECTOR TO ?
I*22
2

1 J= 5.0 E= -29511.706

-26447,171 5.000 0.8485575 :> 45
-26447.163 5.000 0.1502403 )
-22089.565 5.000 ¢.0005713 :> 55
-22089.564 5.000 0.0001207 '
-18317.869 5.000 0.0001147 6.5
-16541.025 5.000 0.0000987 > 45
-16541.022 5.000 0.0000483 ’
-14047.337 5.000 0.0000076 3.5
-11538.346 5.000 0.0000143 35
~-10795.941 5.000 0.0000012 :> 45
-10795.937 5.000 0.0000074 '

0.0000000 0.9959998 0.0000000



JAERI—Data/Code 96—017

#20 FEH (5) fosp DA AL ALEEE (£D2)

J= 5.0 E= -26039.049

-26447.171 5.000 0.14837233
-26447.163 5.000 0.8101817
-22089.565 5.000 0.0261383
~22089.564 5.000 0.0128050
-18317.869 5.000 0.0001986
-16541.025 5.000 0.0012367
-16541.022 5.000 0.0007722
-14047.337 5.000 0.00010459
-11538.34¢6 5.000 0.0000458
-10795.941 5.000 0.0000007
-10795.937 5.000 0.0000439

0.0000000 0.9999598 O;OOOOOOO

39 236 200 237 424



JAERI—Data/Code 96—017

£21 HREBICBIT BT A—F—OEME

fPdps flds's flad's  £0f! fif'ds dhia’

1 f2F £f2f f2f £2¢€ f2f

2 faf fd4f f4f faf faf

3 fof f6f fef fef fef

4 f2d f2d f2d £2d

5 £4d f4d f44d f4d

6 dz2d £24' -f2f! f2f' dzd

7 d4d £44' faf' f4f' ddd

B f2p dz24' fef' f6f' dzd’

9 d2p 444’ f2f'{(G) f2f'(G) d4d’'
10 pP2p d24d'(¢) f£4f'(G) f4f'(G) dz2d'(G)
11 d4a'(G) f6f'(G). fef'(G) d4d'(G)

1 £f1d f14 f1d f1d

2 f£3d £34 £3d 34

3 f£5d f£5d fsd f5ad

4 f2p f14d' £'14d

5 fip £3a’ f'3d

6 dlp £54" £'54

7 d3p

8 f3s f3s £3s £3s

9 d2s dZs d2s dz2s
10 pls f3s' f'3s
11 dzs' d'2s

ZF f f f f f
ZD d d d d d
ZP p ) 1 ] r
ZC d f f d
NT 0 3 3 2 2 2
MT 0 n+2 n+2 n+1 n+t n+?




JAERI—Data/Code 96--017

#22 HXEROHRS fa A A Ak
2
LIST NO ?
I*74
LIST NO= 4 :
176.51000 30.79600 3.21500 0.00000 0.00000
0.00010 0.00010 0.00010 0.00010 0.00010
.0.00010
0.00000 0.00000 6.00000 0.00000 0.00000
0.00000 0.00000 0.00000 0.00000 0.00000
0.00000Q
1623.00000 0.00000 0.00000 0.00000 2 4
CRYSTAL FIELD, OFF 0, OCT 6, TET 4, CUB 8
I*?20
CONFIGURATION 2
1%22,3,3,3,1
2 3 3 3 1
2J+1 ? _
I*?9
MJI= 8/2 N= 317
-5204.140
-21395.000 -21394.887 -20583.500 -20583.350
-17410.901 -15898.154 -15898.082 -15123.386
NUMBER OF OUTPUT?, NUMBER OF VECTOR?
1%2100,0
E-VAL 1, MEMORY 2, TRANS 3, ION 4
I*724
READ VECTOR TO ?
%721
1
1 J=4.0 E= -40253.859
-23970.051 4.000 1.4122569
-23969.883 4.000 0.8627779
-19844.692 4.000 0.0083709
-19844.651 4.000 0.2649811
-17297.091 4.000 0.0920602
_17297.034 4.000 0.2655797
~16279.645 4.000 0.0007963
-16279.583 4.000 0.0121848
_14576.523 ° 4.000  0.0021347
~14576.415 4.000 0.0021199
-14523.360 4.000 0.0059246
-14523.321 4.000 0.5064081
~13389.292 4.000 0.0002368
-13389.210 4.000 0.0157181
-13191.832 4.000 0.1255248
~13191.764 4.000 0.2627042
-13169.645  4.000 0.0005346
-12800.744 4.000 0.0009575
-12800.678 4.000 0.0016972
_11176.142 - 4.000 ©0.0072374
_11176.134 4.000 0.1261864
_9756.614 4.000 0.0002490
-9756.547 4.000 0.0000204
-9031.088 4.000 0.0002068
0.0000000  3.9999999  0.0000000
287 8762 £519 9190 13964

~17410.
~15123.



JAERI—Data/Code 96017

'Cubic [ Ruby
for chrome alum {observed)
Russeli~ Scunders (Dg 3 1500 ¢em™") 'Cubic I
free-ion levels for chrome alum
: {Dg =1500em™) c‘m‘]::

40000
30000
u.v. band
—
- 20000
Green band
AN b
A2
Ry
10000
O g N O
38 333
e =TI
‘ l
FI2 0

FiG. 16.3. Green and violet absorption bands of ruby seen against the

background of other sublevels produced by splitting of the Cr®* Russeil-

Saunders states by a cubic crystal field. Cubic I: weak crystal-field

perturbation; Cubic II: simultaneous perturbation by electrostatic
repulsion and crystal field.

2 Crx=F/LF—L~ULE
(H.Theissing & P.J.Caplan, 1966)
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7 F.Gerken OFWEINS A—4%
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-ACTN~
91
92
93
94
95
96
97
98
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100
101

F2

305.220
321.827
330.069
338.311
364.476
369.608
384.957
401.589
407.687
419.770
440.814
461.716

165.84¢C
176.512
200.006
228.430
231.680
251.593
266.360
269.422
288.517
310.898
323.700

199.111
213.333
227.556
241.778
256.000
270.222
284.444
298.667
312.889
327.111
341.333

F4

46.277
46.276
48.046
49.816
56.719
56.241
57.746
60.802
60.501
65.059
66.830
70.729

28.086
30.796
33.528
39.050
34.729
40.545
- 40.7863
41.034
43.279
47.208
49.273

26.740
28.650
30.560
32.470
34.380
36.290
38.200
40,110
42.020
43.930
45.840

Fé

4.435

4,713

4.631
4.548
5.423
5.641
5.774
6.012
6.275
6.770
7.310
7.804

2.874
3.215
3.384
3.846
3.999
4.306
4.537
4.606
4.905
5.261
5.474

2.860
3.065
3.269
3.473
3.677
3.882
4,086
4.290
4.495
4.699
4.903

ZF

740.75

884.58

942.69
1000.80
1157.30
1326.00
1450.00
1708.50
1932.00
2141.30
2380.70
2628.70

1350.00
1623.00
1932.60
2272.20
2593.30
2876.10
3252.860
3601.70
4014.70
4450.00
4500.00

1550.00
1704.00
1866.00
2036.00
2214.00
2400.00
2594.00
2796.00
3006.00
3224.00
3450.00



