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Study of Spin-allowed and Spin-forbidden for 4/"'5d Configurations

SHI Jin-Sheng"* QU Dan' ZHANG Si-Yuan®
(‘Laiyang A gricultural College, Qingdao, Shandong 266109)
(*Changchun Institute of Applied Chemistry Changchun, Changchun 130022)

Abstract: By using the rare-earth spectroscopy theory, the coulomb interactions between f electrons and d
electron of 4 f¥'5d configurations of rare earth are calculated. It is found that the energy of spin-allowed levels is
higher than that of spin-forbidden levels for heavy lanthanide ions (N>7), and the energy difference between the
spin-allowed and the spin-forbidden levels decreases with the increase in N. A contrary case is obtained for the

light lanthanides. All results can be used to explain the spin-forbidden levels in spectra.
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Fig.1 Schematic energy level diagram for heavy (N>7)
ions in a cubic crystal field. The positions of
the energy levels of the lowest spin-allowed
state are higher than that of the lowest spin-

forbidden state, inversely for the light (V<8) ions
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Hsy = Hy + H(fd) + H(ff) + Ho(fd) + Hso(ff) (1)

Hy = Hy'+ H(fd)'+ Hff)'+ Hs(fd)'+ Hso(ff)" (2)
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G, = 329 — 14.5N (N=2~8);

S
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G, = 182.16 + 3.855N (N=8~14) 9)
G, = 42.88 — 1.94N (N=2~8);

G, = 24.02 + 0.42N (N=8~14) (10)
Gs = 6.42 - 0.31N (N=2~8);

Gs = 3.73 + 0.026N (N=8~14) 11)
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Table 1 Coulomb energy expressions between f electrons and d electron for the lowest spin-allowed and spin-forbidden

states of 4 /"'5d configuration

term Sa fa g1 g3 gs

Pr *H 10 3 -15 -10 -1
'H 10 3 15 10 1

Nd ‘K 10 -4 -20 =30 -6
K 10 -4 10 15 3

Pm L 4 -3 -21 -54 -21
L 4 -3 7 18 7

Sm ‘L -4 3 -21 -74 -56
‘L -4 3 21/4 37/2 14

Eu 'K -10 4 -21 -84 -126
K -10 4 21/5 84/5 126/5

Gd *H -10 3 -21 -84 -252
°H -10 3 72 14 42

Th °D 0 0 -21 -84 -462
D 0 0 3 12 66

Dy *H 10 3 -21 -84 -462
°H 10 3 -14 7/3 45516

Ho 'K 10 -4 -21 -84 -462
K 10 -4 -99/5 -96/5 462/5

Er °L 4 -3 -21 -84 -462
‘L 4 -3 -21 -93/2 357/4

Tm L -4 3 -21 -84 -462
L -4 3 -21 -212/3 238/3

Yb ‘K -10 4 -21 -84 -462
K -10 4 -21 -84 42

Lu *H -10 -3 -21 -84 -462
'H -10 -3 -21 -84 —42
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Table 2 Energy difference AE of 4f"'5d configuration of lanthanides in free-ions state (energy unit: cm™)
Pr Nd* Pm* Sm** Eu* Gd*
AE -9791.6 -10282.1 -10261.7 -10143.2 -9936.9 -9694.7
Th* Dy* Ho* Er** Tm?* Yb* Lu*
AE 9819 6050 4277 3288 2575 2050 1719
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Table 3 Energy difference AE of the heavy (N>7) ion in free-ions state and in LiYF,, CaF, and YPO,*(energy unit: cm™)

AE Th* Dy* Ho*™ Er* Tm?* Yh* Lu*
free-ion 9819 6050 4277 3288 2575 2050 1719
LiYF, 7995(8177") 7380 3470 2959 1698

CaF, 7845 5050

YPO, 7370 4377 1400°

a: all values in the hosts are got from ref. 11, except especial note.

b: the value is got from ref. 12.

c: the value is got from the spectrum of LuPO, Ybh*.
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