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Figure 1 (Color online) Electronic structure regulation: orbital catalysis and spin catalysis.
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Figure 2 (Color online) (a) Projected density of states (DOS) of a single-atom alloy based on Au(111) and crotonaldehyde [92]. (b) dZ/dV mapping of

different states under an elliptical confinement [93].
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Figure 3 (Color online) (a) ICOHP values of Pt-d and Ti-d orbitals in Pt-O and Ti—O interactions [94]. (b) The regulation of d-orbital energy levels

significantly enhances the electrocatalytic activity for CO, reduction [95].

I3 BN 2 F R B X S5 3 R 3 8 2 PR AR AR R
7T SR () % O T S S R B R R R
A B e A r T, A ERRERIIR T 1b 2 f R R bR
i AL BE ST AEAN, AL TR 2 B B e i
R, A28 S WA R LR E T B
BEAS I EFHEAT, A B e E AR R B AR
AN .

4.1 AFEIRES AR

RN AR H e sh B R A R R
BN, SRR EIESRVE; R, WET B et
R ERGER RS, BN ARG R
MEAERAT TR, 8L AL P rh o AR AR R 42 S
Y B e, A B OA B A BH B S B A 14 BR il

1680

et JRAE) 5 2 RN A, BRI R B LR
SO . Xu! TR S8 B BRI TR R
WA Fr A5 K OERBN /1 2 U T FE 1 R T, 48
AN T EBEE AR SN R AR R Bl )l R
M EAE . BN, AATI3R I T — e i ) Sk A/
0 SR A T O 9 5 A T 40 PR 1 R 4 s,
GRS A 05 T R AL P R S e e A
e R T ) L ] — e, AT S 2 3R THOERGE V.
IR TURY, AR A E A (R R A AR T
T A2 1 BEET FLRONE, 12BN A Dy E Bt BEHL
i, W E R FEE R AR R, DA fE ARk A
A SEHL A BRI Rt = 2 MM A R A 1R
S AL

2R AN TN RG PR (1) AL



REFR: b 2026 0 56 % 6 M

At -0.59+0.01V vs.RHE
1 LaNiO,, BSCF
Y

0.1+ 5
e

; o &
0.01 JLa,sCa,sMnOy., La,sSro;FeO,

D LaMnO;.;
SrTiO; A

YLaCrO;

T T

0.0 0.5 1.0 15 2.0

Bl 4 (M4 El) NERA M & BB A FH 12 TeLiE /7
R R 5 RO
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Figure S (Color online) Chiral-induced spin-selective charge and spin-enhanced photocatalytic hydrogen evolution reaction in organic-inorganic
hybrid perovskites [108].
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frameworks via adsorption of radical molecules [110].
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Figure 7 (Color online) Elimination of the limiting potential for electrocatalytic urea oxidation in dilute magnetic oxide Cu-In,O; catalyst by

applying a static magnetic field [116].
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CO, electroreduction [117].
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Abstract: The precise regulation of catalytic activity and selectivity represents one of the central scientific challenges in
energy conversion, environmental remediation, and the sustainable synthesis of chemicals. In response to this challenge,
this review summarizes recent advances and emerging trends in enhancing catalytic performance through the
modulation of electronic quantum states. Two representative strategies are systematically discussed: orbital regulation
and spin regulation. The former improves catalytic activity and selectivity by tuning orbital hybridization, energy-level
alignment, and orbital occupancy between active sites and reactants, thereby lowering reaction energy barriers and
steering reaction pathways. The latter influences reaction kinetics associated with key bond-forming processes through
spin polarization, spin-state matching, and magnetic-field-induced spin-dependent dynamics. This review highlights that
the synergistic integration of orbital and spin degrees of freedom offers a new, designable framework for catalytic
regulation, while emphasizing that further breakthroughs in mechanistic understanding, operando characterization, and
controllable catalyst construction are still required to enable the rational design and practical implementation of high-
performance catalysts.
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