56 11 2007 11

1000-3290/2007/56 11 /6608-08 ACTA PHYSICA SINICA

Vol.56 No.1l1 November 2007
©2007 Chin. Phys. Soc.

LiNbO, :Fe’*
Jahn-Teller

221008

2007 3 10 2007 4 12
3d
LiNbO;, : Fe’*
- LiNbO, : Fe’*
PACC 7170C 7630F
1.
LiNbO,
M Fe Cu
Mn Cr Ni LiNbO, : M
LiNbO; : -
Fe't 252
1—4
LiNbO, : Fe’* Fe'* 252
Nb5+ 56
- 7_9 -
3d
78
% 2003.18

F E-mail chunhaoyin @ sohu. com

252
Jahn-Teller J-T

J-T

Jahn-Teller

3¢’
84 B
84 E

LiNbO, : Fe’*

J-T 11—13

2004ZCX012



11 LiNbO, : Fe** Jahn-Teller 6609

@y Trees
2. e
EFa =al L+1
a  Trees .
2.1 | I"aSIMM,, -
Fe'* LiNbO, 1718

d’ aSIMM, |Hy | d° «’S'L’ MM,

2
— 2 _ 1 S+L—MS—ML+(]

H=H; B C + Hy By By By

+ Hy & + Hyoo « + Hg My M, 1 q=-2
H, He ( S 2 S)( L 2 I
’ X
Hg, - -Ms q MGI\-M, -q M,
H,.. Trees x 1"aSL | Hg || I"a’S'L’ .
He i ' I"aSL || H || I"a’S'L -
- R 17 18
| 1%aSLIM, Racah M, M, :
252
’ 14—16 | 1"aSLIM, = >)C SLMM, JM, |[1"aSLMM,
rQryrr oy’ ’ 4 MSML
| d°aSLJM, |H, | &°a’S'L'J’M), = E oa’SL s, s, | PaSLMM,
E aa’SL = > F f l'ad’SL . 2 | *aSLIM, | *aSLIM,
k=02 21
Fﬁl f}( luaa/SL - C SLMSML JMJ
14—16
4 F=A+ 7/5 C F> = Clebscg-Gordan . )
9B+ C F = 44135 C.A T | aSLIM,
B C Racah 3d
14—16 HL HCF HSO H'l‘rees Hﬁg
&*aSLIIM, | He | &°a’S'L' M, 252
- Z _ ] 2</7M]+S+L+k 2] + 1 2], n 1 12 3 84
kq
J ok J\[J ko J . 3 3d
X ) et i
-M, ¢ MI\L s I
x "aSLI U || 1"’S'L" B0, . 3
14—16
- 2.2.
d’aSLIJM, |Hy, | d°a’S'L' J' M),
L s J Fe'” ¢S
=1 1+1 2l+1 ”2_1“5”[ } _
S L1
x PaSLI VY | Pa'S'L 6y - 4
)y {}e = e -
3d° By 1 '
By B 3 - D 0
PaSLI U || s’ 1 Cc* |1 D~ 5A, - A, /28

PaSLI| VY || Ma’S'L 14—16 ) I Dis>la-F1| |al



6610 56
A = FE £5/2 - FE £1/2 8 E +3/2 B. E £1/72 E %5/
A, = E +3/2 —E £1/2 9 2 E +372 A A
E =172 E +5/2 E 84 x 84 9
,...---B—— IB,£3/2)
B
5S Ay fAyg E - B, £5/2)
.
B E |E,+1/2)
On Cov +S0 +SS
1 LiNbO;:Fée’*
- 2
3- C3V
- 3 Gy
3.1. )
- 4 Cyy
Racah R
B C By By By - - 5 Cyy
& Trees a - . _
My, M, . Fe'* Racah ‘G .
B, C, - & Trees ag 2 4 1
2 o . 14—16 7
B, = 1130.22cem™ C, = 4111.45 em™ 1.
£, = 588.946 cm™ a, = 40 cm™’ ' ’ -
Py = 1.80039a.u. r*, = 11.46485 a.u. ] . )
o : A, S 0cm T, G -12407
20 Fe* em™! *T, G -12740 cm™!
. T, G -16668 cm™' ‘T, G -16931 cm™'
N ‘A G -20215 em™
B=NB, C=NC, &€=NE& ‘E G 20216 cm™ ) -
a =Na I =N ,. :
- D 0
M, B b
M My = MY My = MY S . -
» - 0 ; 0.1724 cm™ -
Fe My = 0.2914 cm
My =0.0229 cm™' * - ) R )
N =0.887 f = 0.81 By =-2553.3cm™
By = - 10477 em™ By = 16159 em™ 0.01% . ]
0.06%
LiNbO; : Fe'* 38 _

Csy 1 Gy -



11 LiNbO, : Fe** Jahn-Teller 6611
3 4
‘G D 0cm™
D 0.172em™!
5% . 99.8% .
0.2% .
‘G 3 -
4.6% . -
4 5 _
1 LiNbO; Fel* em™!
A, S —> 1 2 3 4 5 6 24
0 0 0 0 0 0
6A; S 0.35878 0.35875 0.34155 0.3579
1.037 1.0369 1.029 1.0069
‘T G 12407 12376 12376 12447 12407
12411 12411 12448 12121
12640 12640 12758 12225
12737 12737 12779 13021
TG 12740 12773 12773 12797 12740
12810 12810 12838
iT, G 16668 16505 16506 16650 16668
16539 16539 16692
16737 16737 16730
16853 16852 16767
‘T, G 16931 16872 16871 16975 16931
17182 17181 16978 18450
‘A G 20215 20172 20172 20262 20215
20180 20180 20267
20219 20219 20325
20226 20226
‘E G 20216 20237 20237 20272 20216 20661
20241 20241 21318
D 0 0.1724 0.1723 0.172 0 0.167
1)’ 4 2 4
3.2. + (E) 35co0s 0, — 30cos 0, + 1 r
3 1) .,
B, = /?56(1[ (F) sin” 0, cos0,
By By By S :
R R, 0, 0, e + (%2) sin’ 6’20056'2] r
By =—%eq[(Ri)3 3cos’ 0, — 1 R 0 eq
1
1 3 , , R, =R, (91 = (92 C311 D}d
+ (E) 3cos (92 -1 ] r Bzo B40 B43
3 1\’ \ , LiNbO, Fe’*
By = - geq[ (F) 35cos 0, — 30cos 0, + 3
1 R 0 24



6612 56
2 2 2
3. 2 ‘G
2 LiNbO; Fe** B B
” 0, + S0 + 8§ 12
C,, 12 3
R/nm 0.2032 0.2005
0/ ° 56.24 54.82 T, EB3 T, B E
E - -
3.3.J-T C,, + SO + SS 18
T,
5
3d T, 2 3
. 2 J-T
By = 0cm™ B = - 10477 em™ 4
BZ;bid - _ / %OBA‘O -
0, T E T, B E
‘G 2 ‘T1 ‘E. )
B} €=463.36 cm™
O, : T, T,
T, T, E 12
2 3 . l B2() B4() -
B43 C31; F€3+
‘T, ‘T, *E *A, 6 -
- - J-T . J-T
E B 18 Kramers
E
B
] E A
E
B .. 'Eg
E
E
B
B T,
E W,
Ty iG
E LR B
B
AT,
' ‘ E
_—
On On+8O+SS (,-‘3\,+SO+S;S‘ Csy On
2 LiNbO; Fe'* ‘G



11 LiNbO, : Fe** Jahn-Teller 6613
J-T
T, T, -
- T, T, J-T 1
3 LiNbO; Fe** ‘G em™!
0, 0, + SO + SS Cs, C;, + SO + SS 4
4Ty, 14258 14175 4T 12407 12376
14211 12411 12121
12640 12225
14295 12737 13021
14370 4T 12740 12773
12810
4Ty, 17699 17843 4T, 16668 16506
17899 16737
16852
18032 16871
18049 4T, 16931 16539
*Eq 17181 18450
20216 20208 A 20215 20172
20180
20232 20219 20325
20254 20226
20261 ‘E 20216 20237 20661
20241 21318
4 LiNbO; Fe’* J-T cm™! - -
4
® @) ® O ©) ®
T 4182 7482 3060 7304 2868 .
T, 7597 365 8 8436 3. LiNbO, Fe'*
4. :
4 .LiNbO, Fe'* ‘G
1. 3d J-T J-T
252 LiNbO, Fe'* 5. LiNbO, Fe'*
LiNbO;, Fe'
2. - LiNbO,



6614 56
1 Berben D Sturman B Freschi A A Buse K2003 J. Phys. Rev. Phys. Sin. 55 6047 in Chinese
B 68 35120 2006 55 6047
2 Towner HH Kim Y M 1972 J. Chem. Phys. 56 3676 14 Griffith J S 1965 Therory of Transition Matel Ions  Shanghai
3 Gog T 1989 J. Phys. C 16971 Shanghai Science and Technology Publishers  in Chinese
4 Yan Q L. Zeng X L 1996 Solid State Communications 98 347 J S 1965
5 Keune W Date S K Gonser U Bunzel H 1976 Ferroelectrics 13
443 15 Zhao M G 1991 Crystal Field and Electron Paramagnetic Resonance
6 Bausa D ' Boboule A V' Fiz Tverd Tela Leningrad 1985 Sov. Theory Beijing Science Press  in Chinese 1991
Phys . Solid State 27 511
7 Zhou Y Y 1995 Acta Phys. Sin. 44 122 in Chinese 16 Zhao M G 1988 Crystal Field Theory Chengdu Sichuan Education
1995 4 122 Publishing House  in Chinese 1988
Zhao M G Chiu M 1994 Phys. Rev. B 49 12556
9 Zheng B X Die D Zhang P 2005 Journal of Sichuan University 17 Horie H Prog 1953 Thero. Phys. 10 296
Natural Science 24 69 in Chinese 18  Trees R E 1951 Phys. Rev. 82 683
2005 24 69 19 Zhao M G Chiu M 1995 Phys. Rev. B 52 10043
10 PengLL C Chen Z G Zhou K W 1996 Journal of Atomic and 20 ZhaoM G DuML Shen GY 1987 J. Phys. C 20 5557
Molecular Physics 13 145 in Chinese 21 Yang Z Y 2004 Acta Phys. Sin. 53 1981 in Chinese
1996 13 145 2004 53 1981
11 YinCH Han K Ye S W 2003 Acta Phys. Sin. 52 2280 in 22 LiL YuWL1997 J. Sichuan Normal Univ. Natural Science 20
Chinese 2003 52 2280 57 in Chinese 1997
12 YinCH ZhangL ZhaoJP JiaoY Song N Ru RP Yang L 20 57
2006 Acta Phys. Sin. 556055 in Chinese 23 Yu W L2002 J. Sichuan Normal Univ. Natural Science 25 608
2006 55 in Chinese 2002
6055 25 608
13 YinCH JiaoY Zhang L Song N Ru R P Yang L 2006 Acta 24 Zheng W C 1995 J. Phys. Chem. Solids 56 61



11 LiNbO, : Fe** Jahn-Teller 6615

The spectral fine structure zero-field splitting parameters and
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Abstract

The 252 rank completely diagonalized Hamiltonian matrix of the 3d® configuration with trigonal symmetry have been
established by group theory crystal field theory and irreducible tensor operator method. The spectral fine structure zero-field
splitting parameters and Jahn-Teller effect as well s the influence of spin doublet state and spin quartet state on the ground-
state energy levels in LiNbO; : Fe** crystals were studied with this matrix. The results show that the contribution of spin quartet
state on the ground- state energy levels is the most important the contribution of spin doublet state is weak but can not be
neglected. The calculated results are in good agreement with the experiments. On their basis the influence of spin-orbit
interaction and spin-spin interaction on the spectra fine structure and zero-field splitting parameters were further studied and we
found that the influence of spin-orbit interaction is dominant but the influence of spin-spin interaction can not be neglected. The
research shows this substance has J-T effect in the spectral structure of spin quartet state. The reason is the combined action of

spin-orbit interaction and trigonal distortion.
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