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Figure 1 (a) Schematic illustration of energy-level splitting under the
combined effects of octahedral crystal field and spin-orbit coupling; (b)
effective magnetic moment mg calculated from Kotani theory for vari-
ous electron occupancies; (c) phase diagram of ground states based on
the relativistic orbital basis of ji» and j3». Reprinted from ref. [49],
with the permission of APS.
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Figure 2 Calculated magnetic moments for single-site, two-site, and
three-site clusters with different electron fillings. The corresponding
systems are M;NaRuClg(d®) (a), Cs;RuCle(d*) (b), and Cs;WClg(d?)
(c). The calculations considered different spin-orbit coupling strengths
A, trigonal crystal fields A, Hund’s coupling Jy, hopping parameters  (in
eV), and o (in emu/mol). Reprinted from ref. [49], with the permission
of APS.
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Figure 3 (a), (b) Magnetic moments as well as schematic ground and
excited states of the d' system. Temperature dependence of the magnetic
moments for d' (c), d* (d), d* (e), and @ (f) within the model including
tye, €g, and p orbitals. Parameters: Jy = 0.4 eV for the 4d-d* system, Jy
=0.3 eV for the 5d-d*/d° systems, and the tye-e, crystal-field splitting is
set to 3 eV. Reprinted from ref. [49], with the permission of APS.
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Figure 4 (a)—(c) Local structure and energy-level evolution of a face-shared bioctahedral dimer M, Oy as a function of spin-orbit coupling strength A;
(d) theoretical ground-state phase diagram of a d*> dimer system; (e), (f) temperature dependence of the effective magnetic moments m.¢ for 4d and 5d
dimers; (g) experimental and theoretical comparisons of the average magnetic moments; (h) ground-state jj -3/, orbital configurations for the dimer
compound M3Ru,Bry. Reprinted from ref. [60], with the permission of APS.
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Table 2 Electronic and magnetic properties of 4d/5d dimer systems with d>>-d° electron fillings

HT 7 WA PHES T2 TR A P FEA LA EE PN
Ru: TCHA T, 4T A ER;
>3 Ba;NaRu,0q; Ba;LiOs, 0, Ru?3+/0s>%* ~F 4k Os: BEFETT LA Jor = 1/2803/2fF %%, [104,105]
Tk — 28I & ) R E RS
% {kRu: fed = 172 Ir: Jug =
&3 Ba; YRu,0y; BasInRu,Oy; Ba;Lilr, Oy Ru*5*+ /I35 — &k FORu: ARERES = 1/2; 1 Jon [42,44,46,81,104]
3/2, 5555 1A St
Jur ~ 3/2801 /2(% R AR
&5 BasInlr, Oo; BasSclryOy; Bas YIr, Oy I B fk e 3/2801/2(R LA ): [43,47,95, 106]
I_J/Jmmff ~ \FHB ﬂ&/ }:l}lean
(Wi a5, Mufn
& Ba;NiRu, Oy (K A1) Ru* 2§ PR LR AR, 10F [42,97,107)

AR A 72 B T A AR 75 20

ghipg U i, ZnyMosOgH 1 = 5 44 55 GaTay Seg
R DY SR A S 48 45 440 3 9 4 P15 (a) A (b) BT 7.

TE VY B 4K J7 T, PetersenZs AWEFL T B A B Jig-5L
HEWESUer = 3/DRETHRR, KR EREIHFE
B R, R o5 N R A R 2 AR T,
Fld 3 S R AL A R R SR 1 S R B R A T S
FEAEAT 7. J & 8201 20604 ACLARAE B n) H4 A
J\THAAMLg $L T HR 8 T 2 9L, ¥ K FRLE P ey
JE () ] 25 it s 11061,

Petersen® N\ B fi 70 #1809 5 A H 285777 e
SEAE [PIM Ly 5 7, 31X 6 25 1) B o I 4 8 (M) DY T 44
i J TC AR (L) A4 s 140 8 TR HE 22 20 i, ST 5 e -
AR TR " EEENLHIE Er AR T
MAEREE. BdETFHEE, i T IZHEHH
Jig-L T8 S 1R AH AR B SR EE, R IR T SR
B A At 43 IR B H - B AH O 1O 2 AR W B AT M.
X} GaTaySeg It 3% FAF 34 1 X 28 B B 42 1 38 i
fifRE, FEiE X PG A 2R S50 5 ER T g, 48
TN T HRBNHE G TR AR Ay v 1 O A £

5 (a) ZnoMo;Og H 17 = JA&; (b) GaTa,Ses H 1 Y 5 4 45
)
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Transition-metal compounds with strong spin-orbit coupling (SOC) have attracted significant attention due to their potential
for hosting exotic magnetic states such as frustrated magnetism, as well as their promising optoelectronic applications in
hybrid halides. In these systems, the pronounced SOC effects often lead to magnetic behaviors that can not be adequately
described by the standard Curie-Weiss law. In this review, based on our recent investigations, we summarize progress
on the temperature evolution of magnetic susceptibilities and magnetic moments in SOC-driven systems. We first outline
the general background. Using perovskite compounds as representative examples, we then systematically introduce the
microscopic origin of the temperature dependence of magnetic susceptibilities for d'-d° electronic configurations. We
further discuss the evolution of magnetic moments and susceptibilities in systems based on magnetic clusters, such as
dimers or trimers, and introduce modified Curie-Weiss fitting approaches that account for the temperature dependence of
magnetic moments. Finally, we summarize current research trends and offer an outlook on potential future developments
in this field.
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