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JiE 5 EE(SS) AR EAE N, — A~ H 71 B g 5 53 4
—ANLFHLIE (S00) Z 18] B REAH BLAEHT, —
E 5 34— F#UIE (00) Z 18] B AH BLAE
YT Bl R ATXB, (3d7) BEF ZFS SR
FFT A2 sk el A ] 220 W P i A B A P G 3
A ZFS S W STk AN 1] 200 1Y) A SCH 78 i B
FEMFERE L, R 58 X 4k 7 i (CDM) 58 T
SHANFRE TS BB RS ZFS S E MO
P BRI IR AT 1 3d° T 252 MO
XPHEAS ZFS S e 20, [F) 8 ol i ok [l i
& SO,SS,S00 K 00 DUF A HAE R X ZFS S &
BT Mk, 3X 26 B 5T T AR K S R ZFS i BT
Fe'*  ,Mn®* 1B 2% M RH A WA | Gl B KOG Rl 1 B &

Pt AR
2. B M

i 3d® B USRS IES, 78 = A X FR

Ag®E; —> Eg(M=1+})

o D
(@) °S 254y

Ag®Eg —» E4(M,= :t%) _—

(b s

Am@E; —FE;;’(;Q_;::‘:%) — 52

4, ®F — E'(M=13) T
. 5
Ca®D; 4 SO / !
> "4, " wers .3 Y 5
Y/{; @E" — E"(M=15) 2
v

A4 ®F —> E'(M=43)

Y (45 C,,, Dy, Dy, mBE) BRAAER T JL°S B8R
KAATMIRER /24 (BAE C, 88 D, sEERFR AR
R, R 4R AE M0, AR D, s BEXHRR S 1
MR AW 4RI AL NA,,  TERAREAE T (£
1% 50,85,500,00) ,°A, FI°A, K703 2L, XA i
(ELINY i EeyN|

A, @DV - A ® RE' DE") —

E@E @E (XFC, SD, H5EE), (la)

A, ®D¥Y > A ® (E, ®E) —

EL@E @E, (3T Dy, mif). (1b)
R R BEIE , — AT R T — AR
MR (1) AT LA 38 STE = A 3 FREAH B
YERBRAER T, 88 R = AT AR, X R
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HAEFSEREE TR 438 =4 Reg ™

- 1 1 1
E (M, =%5/2) =5D - 5(a~F) +{(18D
+a-F) +80a°}", (4a)
B (W =+3/2) :—%D+(a—F), (4b)
E M =+12) =+p-La-r - Liisn+
A 3 2 6
a-F)" +80a*}"?, (4¢)

T IR AOUL 1 e 2 RS 2 2 AT K e A 0
REUK =ANRELR E, L E, , Ey N5 LS PG 5 05 X
NI RE &, ,¢,,6, FHAE. SR, XFF = F X FR
R 34’ B A =AM AEE ZFS S8 D, F
Hl @, M 3d° B F7E = 1 % FR b Al ST 9 6285 BR AT 1)
B DA (EE 1) Pl e e b 24—
e L. WFE K, Y tan2a = [ V/80a/(a - F +
18D) 1 B & /NG LR, AT RE 9815 2 T 1 X
ESa W
1
D =~52(58,

-8, (5a)

_3 _
a —F~14(381 8,),
HfEZR 2% 6, 16, (N 1) ATLLFER N

8 =E,(|M, =+3/2)) - E,(|M, =£1/2))
(6a)

(5b)

=& — &3,

8 =E,(IM, =+5/2)) —E;(|M, ==1/2))
R (6b)
TESZPR Fe' ™ B Mn® " 4822 S A BT RL b — i
THOLT, B ZFS 28 D BLEI K TP 2FS S i
a FlF X8 an2a JEH 20, Bl 3T Fe'
ALO, BHR ) AT tan2a = 0.068, X T
Mn®* : ZnO BFEHY) | BRATA tan2a 2 0. 014. [HIiL,
XFF Fe' " B Mn®* B A SRR IR D>a (F),
FUREPRIIE tan2a AEH /N, X I, SCR A (5) ¥ —4
B R AP
MR AER T, EESBE) EH ¢, ¢,
ey WIARTS I T Je i & &) CFA/MSH ( Crystal
Filed Analysis/Microscopic Spin Hamiltonian ) %X
L2820 AR R AE Yeung A1 Rudowicz ™
TR ) CFA BROFEBRERT I & ok ny. H 3Ty
ERE T X =X AR R 3dT B Tk R H K
Hamiltonian fE¥ R 1958 20 1Ak, 76 = F1 #1 X Bk
M (Cy,, Dy, Dyy) Y, 3d° B F 19 H 52 Hamiltonian

LS h
H=H,B,C) + HCF<qu> +H, (&, M ), (7)
Hv H,,  Hep, H, 7305938 RS A EAEH Sk
Hamiltonian \#ZH HAEFH. 28 B Al € S 72 ) )%
CAYEHK) Racah B4, B, R i S i 12 =M X}
B F LA =AM 10 55 B By, By, Buy. B
FHEAEF AT LLR S
H, =Hy (&) + H35<M(k) )) + Hsoo(M(k)>
b Hpg (M), (8)
U Hyo 278 B H €5 8038 22 8] 19 6 AH 54 H
T, Hy 3 W1 Z [ 1 B E 5 H e % AH 5.AE
Hyoo FRn— LTI A ES 73 4 —> 79Il 2 [6]
IR EAE T, Hoo— DT RIBLE 5 55 5h— 1
FHEEZ BIMREAHEAER. X 34" ETF4E, (8)
ok HEEERO FI2, H M, = MV /7, M, = M /49.
(7) & 3% Hamiltonian 7] LA T} Wybourne' ™' £ %5
FmH
Hee =ByyCy? + ByCy? + B, CyY
+B,,CY  (z#h//[111]),  (9)
—MER T, SR ZEWEXRA B, = -
By T ITE AT STl E R = A E AT
i e = WRAR TR I, = A d 3 T LB AR T
{215 o | E vy =i O = A S s =4V N 7
Kz M,

Bl =By — V1/10B,, (10)
D, :—21—8(340 + V/1/10B,) , (11)

K& i B, Ml B, RAE 4L = M35, 24 B,,
= Bl = O B, 2= &IH K AU —AS
Zeig D, X A3 B = R RS T .

3d° BB T 252 M RHOWA, # 7 I RE R
FEJe 252 x 252 [, 4 FREF RS BIE T =AM XK T,
HRE R B 1T LA R = AN /N, e A4 0 2
E'a’(84 x84) ,E'B' (84 x84) E"(84 x84). {EER,
YN E'a’ 5 E'B'AN] 232 7556 hif 1 HE 2 A B 1 A
TEE S 8 I 19, BV AN ] 2 378 X N A9 B 1 4 1
AR A Bt e — A . K45 A9 Hamiltonian 4
MiltZ i B,C, B, &, My, M, [ BREL 4050158 i s
Zrim, G AL 5E 4 e B I R RS T AT B S
PG 20 0 24 R LT N 1Y) 4 L S AR R i, P AL 4G
BB SHHM =R ¢, &, ,8, AR AN 44
?SZ]R?H:%%( | ‘//:5/2> ’ | lﬂ,_,3/2> ’ | ¢¢1/2> (%?Eéj\%
B =T HREZ AR 2 Kramers SERIIFA).
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3. BER G M

IEQNATSCTIR | ZFS 2 it 2 1 i ) U 4 S w1k
BTAEMEMEIThEENYE S BT ZFS &
B SR A S8 ) P P A R R I, ZFS SR ISR
REFE LB AT R RE M BB | A% I A8 Bk B 22 = TR
TN RE OGS, Ak, REMALT =M
XHFR(Cs, ,Dy,Dyy,) 0TS (3d°) BT ZFS St
WFFEA T Ko 0 AR, (HAE R A 5E v, o &
A Ty i & L AR A 1, 3T ZFS &
AR AR T SO WEAH BAE FHALEL. T HF5
SS,S00 LUK 00 #iAHHAE X ZFS & iy otk , 3
ITHESE 2% AL T B T %5 1% SO #4AH B.4E H
A FEN % E T SS,S00 L& 00 BEAHE AR . 18
WEFE b R AT e B T ALY 340 B O IE S
P .B=900 em™', € = 3300 ecm ™' £, = 400
em™ M, =0.2917 cm ™', M, =0.0229 cm~'. g H—
e, FRATTEBE T B TE B Al S a L, B 300 em ' <
D, < 1500 em™', - 10000 em™' < B} < 10000
em™', —=10000 em ™' < B/, < 10000 cm .

R T ERFRIRER SO #EAH EAE AN H Al = Fh o
FR AT 2 W B AR ELAE L B SS, SO0 BA K 00

<

S

WEAH EAE X3 4 345 5 oTik i | o 4, Al e
XTRIEM S,

oy = % (12)
K X RRFYHHRSE D Fl(a-F),Q T
A5 A e _EA WESYS S0,SS,S00,00 #iAH
HAEHIXT ZFS S\ 5k, T £on [F A% 8T [ e
THEA WESYS SO #AHEAEH X ZFS S8 1) 5t
k. HO S o BRFR AT 5 20 1) = Fh
WEAH EAE X 2 0 RS R TR, o, /R
AN NATT 3 25 220 1 = R A AR 4 54
SR ST D, AT EBE TR Z I, A 55
oo, bS5 8 AR R A E BB
PHNTEDR 1 HESE SN+ =2 ek 2 F13k 3 1Y
B ATRERE =47, N T RN ZFS B8 D Fl(a - F) bl
SR ARL, FE R 1 RIEEZS T = RO [RME 6
T ZFS SRR NE 13 ATLEH, B5S
o, Mo, _p RGN, WiTE 5 4
AT IX S g A, il n, 2% 2 v, BY, = 10000 cm ™'
oy 1K T4.4% 0, L 9.4%; £ 3 T, B =
~8000 ecm ™', o, 1 6.8% , o, Wik 24.7%. X
W, SO R AH ELAE AN 55 A = Fh i AR B AR
SS,S00 K 00 X} ZFS Z & o2 A 1] Z B8 1.

x 100% ,

#1 ZFSZE DM (a-F) LANWESH o,y pu S E D, B

D,/ D/10~* ¢m ™! (a=F) /10 ™% cm ™!

em™! (A) (B) (C) (D) ) 7 Hp (A) (B) (©) (D) T Ya-r B-p
300 132.2 1315 131.8 0 0.5 99.7 0.3 2.6 2.2 -0.2 0 15.4  -7.7  107.7
500 199.8 203.1 199.0 0 1.7 99.6 0.4 6.1 5.1 -0.5 0 16.4  -8.2 108.2
700 274.8  282.4 273.6 0 2.8 99.6 0.4 1.9  10.2 -0.9 0 143  -7.6 107.6
900  361.1 373.3 359.1 0 3.4 99. 4 0.6 21.7 18.8 -1.5 0 13.4 -6.9 106.9
1100 464.4  482.1  461.2 0 3.8 99.3 0.7 38.8 34.4 -2.5 0 1.3 -6.4 106.4
1300  594.3  618.4 588.4 0 4.1 99.0 1.0 7.6  64.6 -4.0 0 9.8 -56 105.6
1500  766.2  798.1  755.0 0 4.2 98.5 1.5 142.3  130.5 -6.7 0 8.3  -47 1047

(A)FZET HE_ES UEXS S0,SS,S00,00 #WAHEAEH; (B) BT AE _EA WESS SO #MHEEN,; (OFETAKRNESS
S0,SS,S00,00 #EMHEAEH ; (D)% T Al _HEA, %% SO I H % & S0,SS,S00, 00 fifAH HAEH.

R 11— T8 o,y BN

H 0 3d° B PR — 1 HESNESCS),4
MABENUES (B G,4F,*D,P) 12 D At EHE
( BP%1%H %G 2G 2F 2F 2F *D 2D 2D 2P 2S ), Hih
HESEAS IR, A 3d° B 7 HORARE 1
Bk 252 4, Hob [ g 6 EASMASREE R 6
A, AT ER S RORASECR R 99 4, HiE —ES

TOME A 147 A 8 TR A BE _F A A e
FEAX I ZFS SR pTlR X RN, FoATTE L Y,
MY, (Y =D,(a-F)) 5333 H e _EAH H e
DU T 2 BRSSO X ZFS S8 (1 BTk, 1 X Vo,
7[RV A e S S U E A AE X ZFS &
HIMTIER. 3R 1 EUESS R (A), (C), (D) bk
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2 HAWUSH o,y.u bS5 E B AL
B5,/10%cm ! -100 -80 -60 -40 -20 0 20 40 60 80 100
oy 15.2 6.1 1.4 1.6 3.9 6.1 8.4 11.3 15.8 25.8 74. 4
T(a-F) 12.1 11.7 11. 4 11.0 10.7 10. 3 9.9 9.6 9.4 9.1 9.4
Yo 98.2 98.8 99.0 99.1 99.2 99.3 99.3 99.3 99.2 98.9 96.0
Y(a-F) -17.4 -15.1 -12.2 -9.1 -5.9 -2.8 0.3 3.5 6.6 9.4 12.2
Mp 1.8 1.2 1.0 0.9 0.8 0.7 0.7 0.7 0.8 1.1 4.0
Mia-r) 117.4 115.1 112.2 109. 1 105.9 102. 8 99.7 96.5 93.4 90. 6 87.8
£3 HNUEH o,y .uHRGSE Bl AL
By/10% cm ™! -100 -80 -60 -40 -20 0 20 40 60 80 100
T 6.7 6.8 6.9 7.3 8.5 208. 8 3.9 5.0 5.4 5.5 5.6
O (a-F) 61.5 24.7 17.4 14.4 12. 4 50. 1 10.7 9.9 9.3 8.8 8.4
Y 99.6 99.5 99.5 99.5 99.4 15.7 99.2 99.2 99.2 99.2 99.1
Y (a-F) -100 -30.9 -18.1 -12.0 -9.4 -3.9 -5.9 -5.1 -4.5 -4.0 -3.6
Mp 0.4 0.5 0.5 0.5 0.5 84.1 0.8 0.8 0.8 0.8 0.9
M(a-F) 200.0 130.9 118.1 112.0 109. 4 103.9 105.9 105.1 104.5 104.0 103. 6
W, AUE I A e BRI F Y0 RS 5 D, i 100 (13)
LY SO == Y YY' = 0,
SULE B A SRR TGRS E D, Z Toul
FIFEARE T [F) I 25 08 e DY E A 0 A e — S A2 Y.
My =3 X 100% , (14)

PARN TS 5y 855 Dy, W Dy # D, + D, H
A D, A E X F ZFS Si (o - F) B
RIBAZEMLE R, BN Dg = 1300 ecm ™', D, =
588.4x10 *em™, D, =0,(a-F), = -4.0 x107*
em™ (a=F), =0, Dy, = 594.3 x 10" ecm ™',
(a=F)py=71.6x10" em ™ (BFEFL).BWE,
B e —EAS AR S B e Y A R X ZFS
Z D M(a-F)WTTERZ M D, + D, =588.4 x
10 em " FMl(a-F),+(a-F),=-4.0 x107*
em ™ X RAERCE I ANSE TR B % R A i
A A e U E AR X ZFS S8 5Tk D, = 594.3
x10 ™ em ™ Fl(a =F) = 71.6 x10 " em ™' X
WY A e —F A H BEMY B AXT ZFS 28 D fil (a -
F)AAAE— T G VE I DTk, X A & STk vl DL RoR
y‘jZY2+4 = Yyu = (Y, +Y,). ﬂ:t’YTmal =Y, +Y, +
Y, .- AR FRATS SR LA L 1w A E5HE Sk 441, s RT LAAS:
#,D,,,=59%x10"em ™", (a-F),,, = 75.6 x
10 *em ™.

T ARG 2 B U E A B BB A X ZFS &
A TTEk, O T B A SRR [ e I E A R A g
THESS AR ESBA SN A X ZFS A
XFBTERA K FATTE ST 5124

Total

Ky BRFY5hHSHE D M(a-F),y FRH
JiGE DU A B AR N K ZFS S hE TR 0, y 1Y
s WA RR R B 1A e DY 81 A X ZFS M BTk R, w
Fon A ZHAS A BEV = ARG RN X ZFS 2
O A AL, w IR R A iE S
5 H e U EASEA RN X ZFS 1Y sTRk AR K. 8k
SRy Mo BTG R FE R 13 . Ak
1—3 S AT AE L, ZFS S8 D R 8k [ A e
FARYTUER, 7EFRAT L & 37 X Bl B ) R ok
ANl B, =0,F3K3) , K7 S0k B A
BEWEASXT ZFS /3 — S/ D B STRRETE v, >
95% 5 F Jig — H AR Fh AL XS D A TR, T A e
TSN EORE VY SRS ROV X DR STER W AR R
AN FERRATTITEE I A 3 X B B, =0 miAh, Hiot
BRAKET 5% (B 13 THy u, BUE). XF T ZFS
WS (a - F) KRB SRR TS E D, E
FEOEA AR HEAS S A e E ARG RO, A iE
THESPMBNNT (a - F) A TUER, 10 E iE Y A
BANEONE Y BT R AL /N AR FRATT B Y 3 X 8
Hok A ATEHA S A e MY = A A RN 1Y 5Tk
(A XS 1 S BULE S .87, 8% <pu ) <200.0% .
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AR A, ATE H A B DY AR A RO X
WY S it (a - F) STERIE 532802 BT LR T 100%
HIFEHE SRS (a - F) 4, ERATITIE S
DI AR LN IEAA, T [ 5 DU 2R 245 Bk %7 % iy 2
it (a - F) DTk EE FH o KB 7.

KT HEEHMMFRFEG NS5 D M (a-F)
B S R/ AR R, B 2 S5 3 B T R4
WEE D M(a-F) WSS Dg, By, , By 20T
KAME. B Q 5 T HhiCriye L AT ; P
FoRRIEE R T AEMESS S0, SS,S00, 00 f#
A EAE X024 500k W1 ATRLE I, 0%
Yinsis g D M5 & Dg M B, B L2 B4R
LRNE IBE B, 09748 A2 4 1 5 TR s, AR 2w
DEN, NWE5nHSa D MnmsE B, WAE
LB LR 5 B D, A By M8 AL sk, ML 3
ATLUE W U E S 85 5 (a - F) B =A%
AR NER B 55 D, M B, W22
FubtiZ i B, BAE AL T AR

VER A SRS 1 W H, AT 1T M8 i) 3 52
AWOCTIAR L Fe’ 1 ALO, B ZFS B M EEA K
AEGor24 , H H B st S ARG A AS ] (4 1 AR AR FE B
ARV T BE A X 32 ZFS 1Y 5T Bk 59 A 6 K/,
Fe'* . ALO, fhifH  BE PGB Fe* T b F ¢, (IE
W C,,) SBEXTFR AL $ I8 Fe’* . AL O, & RMIE
i HOGE S B = 660 em ™', € =3135 cm ™!,
&= 1360 em™",SS,S00 5 00 ®iAHHAEFHSHCR
T R BRI M, = 0.2917 em™', M, =
0.0229 em ™. M SR By = 1190.0 em ™', B,
= -19250.0 cm ™', B,, = —26445.0 cm "B}, FK ]
AT ZFS SR MILB M REH 4y 24 5, 1 6, MFEIL
SER ST A H b, Fe 5 S0 50 1 FL RS FE 3 4
AR LR TERR 4 hIRATHEAIA T 515 =i
AOTTHEZE RS 103 N 4 T LLE Y B SO Ay
= Fh g AH EAE ] SS,S00,00 Xf ZFS 1 T lifAH %
BN X ZFS — S D BTN 7% % ZFS DUBY
Ziw (a - F) WBTHRA 6. 4% 5 ILAN, TRATREWEF 3,
XF AL O, fART Fe’ B, B ZFS B8 D 1Y
FER A [ BE N FE AR TR, Ttk 97.7% , A
JiE — E A BN A STk O R T A E —EA S A
JiRE DU AR A RO ) BT R AN 2. 3% . BRI, DY
By ZFS S5t (a - F) BIHOWE IR WA [ By ZFS 2
B/ D, MUHZE(a-F) 2R A Al _EESHE
DU ARG 50N 1 BTk, L BT RA 101, 7%, F Y
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800
L (a) /
=
5 600} 4
T - Q /"
s TR P
S~ o
2 | —»= P ,./
i 400 /a/
o]
& 200 /
I -
0 i 1 1 L
300 600 900 1200 1500
CF&# Dg/om™!
600
=
‘Zz 400
S~
Q.
o
Fo
@200 F
[aN]
<=._;
11 r
U 1 1 1
~100 -50 0 50 100
CF 24 By /10%cm™
4000
ooy L (©)
- 3000
N d
< 2000 F F
= L
—~ L
S 1000
> I
El 0F --Q
@ I —-T
N -1000 | —»—P
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K3 =fxtfrindah 6 (3d°) B TFNMZEGH I HSE (o -
F) B2 BRI (a) (o - F)BE D, BRI F
Mk (b) (a - F) Bl By BB ML (¢) (a - F) B B0 7%
fER e RIME. BIPAHCS 8K Q,T,P & X 5E 2 H[F

TS I R BGHEA TS . X T = AR T Y 3d°
B I AR A B R, FESCHR[ 36 ] 45 Y
f b ek s Rom TR & SC /0L 36 | +1/2)
B PRBUEAF HIEASES (S =5/2) HiEn
(S =32) LHE_EXR(S=12)M&ktds.
AV SRR WA AT EN A 152, (H 553 78 SCHR [ 37 ]
W e M R A A5 R, F5C 1 FRATIF R L,

W | My =+ 1/2) (VM FR5R AR 4
B RECEAR AREAES (S =52) 5A48RFA

K4 FT: ALO; HBFRMEGNREH (10 Fem ™)

D a-F 8, 5,
(A) 1716. 0 328.5 3979.5 10405. 6
(B) 1835.5 307.6 4183.6 11115. 4
(C) 1676.5 -5.7 3343.5 10005. 7
(D) 1722.0 345.0 — —
(E) 1670. 0 — — —
Sz [26] 1718.2 338.6 4012.7 10445.9
o 7.0 6.4
y 97.7 -1.7
u 2.3 101.7
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em™ By = -27621.7 em !,
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Fe'* :ALO, f) ZFS SR IT FAF RS [ M, =+
1/2) RS PREIE R (WE R 4 (A) L) -
| Mg=+1/2) =0.031697 |°S -2.5,0)

+0.998013 |°S0.5, 0)

+0.013737 |*P 1.5, - 1)
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- 0.002454 |*F - 0.5, - 2)
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-0.008714 | ‘G - 0.5, 1)
+0.005792 | *G 1.5, 2)
+0.017095 | ‘G 0.5, 3)
-0.007786 | ‘G - 0.5, 4),
A [P Mg, M)y AR B BB TR M B

REGE M, L | My =+ 1/2) REHBRECEA
A ABEANTEA(S =5/2) HBEMUEZ (S =3/2) Lk
PG, 5SHKE _HESTLX.

4. % W

= (Cy, Dy, Dyy) MFREEEHTF S (3d)
BETIE ZFS B8 D M(a - F) BETHZ 5N
FhREAH EAE A TE 45 3, & i — Rl 78
FIROS(3d”) B F A I R AR, AREAH BV FH A B
F,ZFS Sl AP HLER e AT 2 SO HLEE | SS
PLEE SO0 HLEE 00 HLE. i fs S BAEFT % &M
(8RR 4 X3, SO HILHLES 3= SR . SR, 24 S 7
Ty XA, ok [ HAth = FpHLEE, B SS HLEE SO0
LB, 00 HLEL X} ZFS = & vt ik k& K, 6 4n Y
6000cm ' < B!, <10000cm ~' S 7E HoAth = Fl i AH A
FHIRXE ZFS — S8 D ST K T 15% (B3 2),
JeH 24 B = 10000 em ™', HBTRkik E] 74. 4% . XF
F ZFS U Bt (a - F) , 24 10000 ecm ™' < B', <
-6000 cm ™' B, R AEHAth = B AH BLAE H X ZFS
VU Z & (a - F) ST K T 15% , 4 By = -
10000 cm "B, H TR IE F] 61. 5% . X L5  %K
B FERE S = AR FR i3 oS (3d° ) 58 T HE 2 ZFS
St BRI SO HLELAN , o 254 e Hofth = Fp AL

B, SS HLEE SO0 HLHE 00 HLEH. 783 2= 1 K 2 Kt
e, AT AR 2> % f& SS HLER SO0 HLEE 00 HL
FRLOEARK, T ZFS S 6 T i A 0 45+ 1
BN R 2T # R ZFS SRS 28 ik
THOWEEFG B ba S5 A8 TC 7 45, AN A 22 B 3 — bl 34
1) DT RKS TCIE ARAS AT S 1 45

3d° B TSRS, MUR S AHE 4 A H e
SR 12 AR ES. PR X ZFS S
DT, ATE 8 A Bl a8 % LA BTk, ok B
FE A5 A e DY 2 B BCA 1R 6 stk
eH /N, L FEZETTECR A [ e P A 0 SR,
FERRATITBE 3 DI, R STk 347 95% LA . SR,
XFF ZFS WS it (o - F) R FEZE2AF T2 E
D, HFERA A _ERE A ENESEA RO,
e H A BRSNS (a - F) B4 STER, 1 A e
A BMARON; (1 BT R BN FE R AT TR B A X
Wb ok A AR EAS S A e DY E SRS RO 5T
MR A X ML R <87, 8% <,y <200. 0% ,
I HE DU T 2 BRI, ) DRk R R L 15% .

VERA SCHLS B R, JRATTIESE T R 41 R
Fe’* . ALO, 1Y ZFS 8 ML MR 2L Hlig 5
ST ARG, LA R 5 IR AR L5 e A0 — 2. it
Sh,BATE I T SCHR[36 ] 5[ 37 ] A AR OR, IESE T

B | M = + 1/2) R REUERIF A BN
B(S=5/2) AMMER(S =32)WEHEHE, 5

FE AT, CSEHAMIES | M, = £3/2), | M,
+572) SHEBEEBY

=—12), |M,=
| M, = + 1/2) SE25—kEELAT HIRUEHAE.
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Abstract

The microscopic mechanism of the zero-field splitting parameters ( ZFS) including D and (a - F) for °S(3d’) state
ion in trigonal-symmetry crystal field have been investigated using the complete diagonaliztion method ( CDM) by taking
into account the spin-spin (SS), the spin-other-orbit (SOO) and the orbit-orbit (O0) magnetic interactions besides the
well-known spin-orbit (SO) magnetic interaction. It was found that the contribution to the ZFS parameters D and (a - F)
arising from the spin-orbit (SO) magnetic interaction is the most important in most of the crystal field (CF) ranges, but
the contribution to the zero-field splitting (ZFS) parameter D and (a — F') from the other three mechanisms, including the
SS mechanism, SOO mechanism and OO mechanism, can’t be ignored. The ZFS parameters D and (a — F') arise from the
net spin quartet states as well as the combined effects of the spin doublet states and the spin quartets states, and the
contribution to the ZFS parameters from the net spin doublet states are zero. Our investigation shows that the rank-2 ZFS
parameter D) primarily results from the net spin quartet states whereas the rank-4 ZFS parameter (a — F') primarily results
from the combined effect of the spin doublet states and the spin quartet states. An illustrative evaluation is performed for

+

the typical crystal material Fe’* ; AL,O,. Good agreement between the theoretical values and the experimental finding are

obtained.

Keywords: °S(3d’) state ion, zero-field splitting ( ZFS) parameter, magnetic interaction, complete diagonalization
method (CDM)
PACS: 75.10. Dg, 76.30. Fc, 71.70. Ch, 71.70. Ej
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