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Spectral Fine Structure and Jahn-Teller Effect of LiNbO;:Ni** Crystals
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Abstract

Liang Ning
four kinds of microscopic magnetic interactions:

(College of Science . China University of Mining and Technology, Xuzhow, Jiangsu 221008, China)
interaction and orbit-orbit interaction.

Applying crystal field theory and irreducible representation method, the completely diagonalized
Hamiltonian matrices of 3d* ion configurations in the trigonal symmetry sites have been established, which include

spin-orbit interaction, spin-spin interaction, spin-other-orbit
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Based on the matries, spectral fine structure and zero-field splitting

parameters of LiNbO; : Ni*" crystall are calculated. Jahn-Teller effect, and effects of four microscopic magnetic
interactions are taken into account.
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interoctions on crystal spectral and zero-field splitting parameter are investigated. The results show that Jahn-Teller

effect exists in this crystal and spin-orbit interaction makes uppermost contribution to energy level and zero-field
splitting parameters while calculated values will be closer to the experimental values when the other three
spectral fine structure; Jahn-Teller effect
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Table 2 Parameters of Ni*" in free-ion state
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Table 3 Fine structures of energy levels and ZFS parameters of LiNbO; : Ni*" crystal

Split * A, (F)— Cal” /em™! Cal” /em ! Cal® /em ™! Cal® /em ™! Cal® /em™ ' Observed*! /em ™!
ECFV A VA 0 0 0 0 0 0
ACFV A VA 4.6145 4. 817 4, 8997 4.5742 5.0613 5.06
ECFvy T,y *A) 7230.2 7228.9 7225.8 7230. 3 7224.5
ACFV T, v*A) 7341.1 7342.2 7337.3 7340.5 7337.8
ECFy*T, V*E) 7459.1 7460. 5 7457.4 7458. 6 7458. 2
ECFV'T, y*'E) 7757.1 7756 7765.3 7757.8 7764.8
ACFV*T, v*E) 7808. 4 7807.1 7818.5 7809. 2 7818 7810
ACFV T, v*'E) 7947.5 7951.2 7958.7 7946. 9 7961.7 7970
ECDV'Ey'E) 11172 11172 11178 11178 11184
ACFV*T, v*E) 11510 11508 11505 11515 11506
ACFV T, v*E) 11778 11781 11781 11783 11788
ECFV T, v*A) 12105 12106 12109 12110 12115 12120
ECFyv*'T, V*E) 12646 12646 12656 12652 12662 12990
ACFV T, v*A) 13630 13630 13640 13637 13647 13770
ECFVy*T, V*E) 13789 13789 13800 13796 13806 13773
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ACGYVIA VA 17772 17771 17777 17787 17792
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ECPV T, ¥y *E) 21839 21840 21832 21874 21867
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ACPV T, v°E) 22170 22159 22200 22206 22225 22220
ACGY T V' A 23742 23742 23745 23742 23745
ECGV'EV'E) 23745 23745 23748 23745 23748 23260
ECGYV!'T v'A) 28919 28919 28923 28921 28925
ECGYV!T, v'E) 29670 29670 29674 29669 29673
ACGYIT, V1 A) 30021 30021 30025 30022 30026
ACSVIAVIA) 48191 48191 48195 48246 48249

ZFS —4.6145 —4.817 —4.8997 —4.5742 —5.0613 — 5.06
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Table 4 Ground-state energy levels of Ni*" jon in cubic symmetrical and trigonally symmetrical crystal field
O, symmetry C;, symmetry
Term O /em™! O /Jem™! Oy /em™! Term CP Jem ! C® /em ! Cs? /em™ ' Observed /em™!
A 0 0 0 ‘A, 0 0 0 0
0 0 0 0 4.6145 5.0613
7920 7612. 3 7606. 9 ™ 7497 7230.2 7224.5
7920 7800. 1 7798. 4 i 7497 7947.5 7961.7 7970
ST, 7920 7800. 1 7798. 4 7552. 3 7341.1 7337.8
. 7920 8172.7 8181.4 s 7552.3 7459.1 7458.2
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7920 8330. 1 8344. 1 7552. 3 7808. 4 7818 7810
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12926 13414 13433 11922 12646 12662 12990
12926 13414 13433 A, 13352 11172 11184
12926 13823 13841 i 13352 13640 13647 13770
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Fig. 2 Splitting diagram of ground-state energy levels of Ni*"
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