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Regulation of Functional Materials by Jahn-Teller Distortion
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Abstract The intrinsic lattice distortion induced by Jahn-Teller-active ions reduces the symmetry of the coordina-
tion geometry and the degeneracy of d-orbitals, thereby stabilizing reaction intermediates on the catalyst surface and
effectively regulating the electronic and ionic conductivities of electrode materials during charge-discharge processes,
which in turn significantly influence the macroscopic properties of the materials. This review systematically elucidates
the origin and triggering mechanisms of the Jahn-Teller distortion, outlines its primary characterization methods, and
highlights the applications of this effect in functional materials such as catalytic conversion and energy storage,
aiming to provide a systematic reference for an in-depth understanding of the structure-property relationship between
the Jahn-Teller distortion and macroscopic material performance.
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Fig. 1 Schematic of Raman spectroscope(A), schematic diagrams of a Jahn-Teller distortion and
the resultant energy shift of Mn e, levels(B), and Raman spectrum of LaMnO,(C)™!
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Fig. 2 Rietveld refinement of neutron diffraction data(A), polyhedron representation of the CaFe,O -type

NaMn,0O, structure(B), and bond distances(in angstroms) from structural refinements of neutron

diffraction data at 7=200 K(C)*"

Open access.
2.3 X STE&RKEE

VER— P T [ PR R AR, XM O L1, (XAS) TERA 2 T 3R YA A 25 B BC A 2R 5E 77 THI

RAEE RIS, XASH)— A E AL T HOCR bt BIMEARS TP S A 20K, XASHAER
VR HL PRI B AR 7 R LA S5 A 15 B 78 XS RR G fit b, N2 B PR30k 2R S R 40E, B
FRETEE 70 o X SR IGI 1 25 K (XANES ) 15 97 Ji X SR 2 M SORS 445 H4 (EXAFS) A J2 28 DX
XANES Y3 32 4 S e H AR 1Y 54548 (A AL2S ) S SR RIRRE , T EXAFS SGHE WIS 7%k |
KA S5 TC 7 S T 25 A5 B0, R, EXAFS RS 2 MO S DU S 7 S 0] Sl AH AR 1 i v Ay 1
/AR, X AHIEST Jahn-Teller A2 S 25 MH TSR BE TARCT-Be . Xu S5 SR ] XAS X i1 R s M i A
To3Hr, LUEZR Jahn-Teller 8O0 AAFAE . FERIERAS (LO) T, 1T-VSe, FRBLH 855 1L AT, Wi £5FE
i VR R NA FREEAAAE R G . BEE SR TR0, OIS &R B2 1 NLO & L1 258
SRR A (L2), JIHTugEss B 2w gom , 3R V-Se /AP HH AR B2 20 s [ 3(A) FN(B) 1. itF—2
AL VA EXAFS /3T IESE , 1T-VSe, fEi Flid FE & 24 T 4674 Jahn-Teller 48 . 76 LOARZRTT, V—Se
SRAN R I —FP A (0. 213 nm) 5 MIAE L2ARAT , V—Se S5 2L Ry RN W] (4 5K (43 310607 0. 155 il
0.208 nm) , Herfilifi) V—Se f i E 455 [ 1813(C) |, R Lt AIE A T 4 Jahn-Teller 2405 . 4
= EXAFS 73T A9 70 B, SFER dhA T T /NR s e (WT)ARBE . P 3(D) Al L, WT-EXAFS 4% 3 4 4]
HI AL B, C 3NN FAHF M kEAL , 3008 F Se i+ FIREE AP RBIN : LR T IR — V—=Se
FEAE PR B T AL AR ZAE TR 20 2O RN [A)H BE A V—Se B, LA HT H BB 50 V—Se BRI T
B G T B A9 4, I MR 9 47 L /TR K Jahn-Teller B 7% .

Chem. J. Chinese Universities, 2026, 47(9), 20260202 20260202(5/11)



Jd E% s Ky g R

I ' I CHEMICAL JOURNAL OF CHINESE UNIVERSITIES

A) ®
—L0 -L0

-2 ;
==V (Ill) oxide Al
== V(IV) oxide
-=V(V) oxide

Normalized yp (E)
Normalized yu (E)

L2

0 30 60 90 120
Specific Capacity (mAh g”')

5460 5480 5500 5520 5464 5468 5472
Energy (eV) Energy (eV)
©) A D) 4
12 —Lo .
—L2 <
o
0.9 d 3
. .d* ~ o » @
< - v
Z 06} B L
= C ®se OV =
=
03} 4
<
14
0 1 2 3 4 5 6 0 5 10 15
Radial distance (A) k(A"

Fig.3 Local structure analysis for V via XAS spectra(A—C), and Wavelet transforms(D)"”
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Fig. 4 Electronic configurations and local geometries of Jahn-Teller active Ni** and Jahn-Teller inactive Ni**
sites in optimized NiSe,/FeSe,(1, 2) and bulk NiSe,(3, 4) models(A)™, and schematic representation of
electronic spin configurations(B)*"

(A) Copyright 2023, John Wiley and Sons; (B) Copyright 2024, American Chemical Society.
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Bl 5 A AR AL H #5252 BIOCHE, DLRO AT RELLBRIR ARy 28 1) S0 755K, Xm0 B fb Rk 8 5K
IEAENNERE . ZESefEAb T, Jahn-Teller R0 7] AT BR BT IS, BEARAR R X FRME, A HIHDEA B 525
S A . Jahn-Teller B A8 23 FHURER UL AS , FEMEALF ™ A= TEPE O, s AN 50 At iXA
FIF RS CanoK . CO,55) B4R W i Fnid 4k . P, 1 FH Jahn-Teller 2500 45 20 U 4 J& FEGAE AL 71
YL F-45 0 5 LA 7Y, © IR R S R B 2 — . Liang %Vl i Mn 82%
1753 Jahn-Teller B AF , ZETCTT /NI I B 5504 N S2BL T BiFeO, £k B BB PR AL 2% 10 14 X, DT I
FARTE T oL CO R R RE . BRI R, BT R AT FAY T (1,0%,!) 1Y Mn™ 25 - [H e, #LIH L F
AXFFR P8, 51 & MnOg/\ AW 2 5 &% 4 Jahn-Teller 57 /I AS | JE 107 fA% = A2 Ry 4 4% 1) S v 7
JILEI6(A) ], 1228 38 o H 52 (1) U 7% 35 SR AHAR I FeO, /N HIA, IK{H Fe 5 O JEFWT[001 ] 717 & A=
DRGNS . Hodr, O [ BT i A i B o R i 2, R BUE T A b0 S (8] 438, T8 BUE ) H (AR
PR AR 1 A & (001 7 T ge—HES , i am R HLk AR AL . 7 R AL HE 379K 5
T, A -2 O AR DL A 25 S AR, B AR B K, sRARIR R T OB {R o, my
AN, LiuSE 2k SR IE PR S 5 EHEAL COL AR s A a) 4 2 18] 1Y 55 40 FAE 25 BR A s 1 S5 ik
PEPE. St M]3 i 44 g3 55 X5 R 1P Co-Co(Co,) . FIAXIFRAY Fe—Co LA R 3 AS X FR A Cu—Co = Ff AL
Jahn-Teller fi 53, RGARIE T Jahn-Teller SN X G PERER M [ E 6(B) |, SCE045 SRR, smAKIHR
Y Cu-Co XY Jahn-Teller {37 5 RE W% e KR E M AL CO, 43T, It HAE Gt #E b 5 ¢, vp [a] (A iy DC g 7
B 5 AT 59K R Fe-Co FE5 KR Co, X Jahn-Teller 17 5, , MR IRFEAR T S N REZ2 .
3.3 Jahn-Teller B2 B8 it 14 BE AT #E

Bl 5 T RE TR VR A PR R S, B fE T A R R R 2RI 0, AT B D S S A B Y ]
Fre B . ESEIEMARE, Q2 REE RS LiMnO, . 22 fhA 4544 1 Li,Mn,0, S8 p08E, 8= RSt
i RS AR AR A 3, DRI B A 8 H Y TE AR B S A A A AL SR, T
Mn* f£1E Jahn-Teller BAE , 7oL 3L R A Mn®/Mn** 2Z [8) (R M 255578 2 5 805 L AR 3k 111 45 44)
KRR, SEM A Ao i, BEDMELLSCIN R AR N . DR, RS R TE AR R A
T AT RS K JE A TS L, Mn™ 5| AL 1 Jahn-Teller B A8 A7) S8 $& T HL 45 F B2 e M 0 S B fL 201,
MR R AT AL B A R PR A SR L X —MERL . H AT, © A 2RO e iE T Jahn-Teller 2%
N FRE B AR S5 IR R T LR A R B . XS vE RS (1) @R c R B AEE A,
AR AN S, ATTTHI 55 Jahn-Teller R0 5 (2) SR FH R Fe 5 BAF 7 R o TR T 1 AR 254, 315
TG Jahn-Teller W25 19 & HER FL 2R AL PIA BE; (3) SIAERAAZE AL, T Mn A2, Db Mn* R f5] .
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“ BFO

Weakly symmetric Co, dual J-T  Weakly asymmetric Fe & Co dual Strongly asymmetric Cu & Co dual

sites J-T sites J-T sites

@ Unsteady adsorption formation & Middling adsorption formation @ Steady adsorption formation

& Weak interaction with @ Middling interaction with @ Strong interaction with
intermediates intermediates intermediates

Fig. 6 Schematic illustration of the electron transfer(A)“", and schematic illustration of
the dual Jahn-Teller sites(B)“*
(A) Copyright 2025, American Chemical Society; (B) Copyright 2023, John Wiley and Sons.

58 ZU 11 Jahn-Teller A8 25 3 80™ H ) G5/ TE | XA K HBEZ W T FL AR A B R R E . SR
1M, XuE"RBL, 55 Jahn-Teller B0 AN REME PRI B Z5 AT E , 10 BEVR T HUARA B HAE 0 5 F o
R RN R SR AT T 1T-VSey/Mg FEIR A& (Mg /Lit) Hith , UESE T Li'ZEHR A 1T-VSe, B 5|
KT 457 Jahn-Teller RN, M2 HETF T MU AR Z5 A feoe HERMIRIR 5 122 B8, AT RHEAR
NS T RAEA A SRR AR L S H Ak 2E A i . % TAERL 1T-VSe, MR, #E 71 R
TRAL T X Jahn-Teller U0 R PRAR , ST 8 25 BUIGIR AR RHZ AL TR R . IEAh, Liu %Sl e
P2 R RR ALY IER AT R R B ARG R, B4R T HA Jahn-Teller JEPE N 55 7. Ni¥ & T 4A7E
A BT Na 7E 2 R 0 A A5 B 50, NI s bR s i e Pk . S kIRl , BLAT Jahn-Teller 1% 14 i)
Ni* B8 F BEAS AT S0 4 L8] [ 28 7 1 0 e A, E TR AIG Natie A S AR B b i RE S i, A2 adF
Z Na B8 litne, SRTHPRHSEPR A & . SR, 2 N B iad i (295 NiJoE B R 1 74% )i,
B2 Jahn-Teller WAE , FECRASHLR, JEm AR R M ERE SURUEAL . SEFRHE /R T Niv s X
P2 R A IR 22 B2 ML, by s 2o . o S PR A S H b E AR A R AL TR
SR 5 T4 SEL
3.4 Jahn-Teller B5ZE X8 2% BB & 23 HU B4

VAR, BEEATAS AR . AT FAERETR . R LR BE i P & SR 4Tk Dkl & i, B n4Ekie
PR B SRS G AL H 25 MR, R G . SR HL TR M RE TR AR R AR S A kB b)) EX—T 5
T, RERAAEE AR S Z 8 Tz E. o, AR —F s G rese &, ST Hol
FRIVERB LA, U B AT TR £ A5 . Jahn-Teller 200 PRI HOph AR (4 e RS F-2544) , 1 Aok a4
P“TFORT, FESETE AR T H 1 5 88 FAEAE B 122 7 T R 3 T AR VERT . BN, Zhu S0 T 2
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AR K MnO, H Jahn-Teller B 7225 X 4544 e J6% F 25 6 GEPE BB (R IR 4 LA, 45 10 ORS00 ik 1 38 3 iR 4
Mn**/Mn* HBIOE AT B L &S PERE AR TT R . BFR R, 7R MnO, iR A K5, F43
Mn* (CHLF AR : ¢, ) B IR JF A Mn™ (FEF A Y 2 ¢, %e ). 76 /TR f R, Mn™ (5] e BILIE 7 I 5 | &
Jahn-Teller W72 , 3 MnOg/\ TR K A AXFRPLAR S Hedie , T2 AR SE M B9 Mn—O S . B2 iR
BT — 2478, 33 B 1Y Jahn-Teller B A8 5 Z 8 T MR %5, {1 K, ,sMnO, {9715 B 7S
0. 84 eV, JHAES KRR IEF H H Mn,, F1 0, PLIE SRR AR 3 724, TR IR $E T AR L 5
R EHAEERE . (T AR, BB —PIRE, AR e, AR s, BT
PR R, S5 Pl AL, PERE N RE . % TAEM Jahn-Teller 500t &, SN T B ARFREE | 47 PS8R
HL S 5 I L AR PR RE 2 [ A OCIG , SR 2RV 4 T | Ak e B o 25 d v i i BT HR AL T IR Z1
ST T7BE e it o

4 BESRE

ARG VAR T 254, WA 3075 & Jahn-Teller BiA% . 12 AR REAE ISR o BIE AT, [
AR R B ARRE R, MBSl ks & A2 A R ARt . HARZRI A ot 1) B 4G 5 B A k2 W 2578
b, S5 TUTES AR R PRI T . IR A8 A4 B HE— 05 TR R T DA T P 0T S, H ] (A 2 s g
RSIGALRER:, oy — il e e e B T RS 00 5T A% , IR THNREM RHE AL | Setkss
L RE IR 4 S5 TR PERE . A AT WIFSE SR BH i 25 Jahn-Teller I 728 Xof A BEAAE 1 S5t HAT 8 S 24
F, AE F AR T 302 Jahn-Teller Wy 28 72 FLS2 S 13 o e P AT A4 T 0 K 0 SOz A2 PR 2 e AL il 475 AR
AR L, BEAE R RAE SR B AT AR , SE IR B 25 R AR T S [ B84 oA 2 R R e A3 4
PRI , HEiiHE 7R 20725 Jahn-Teller 00 5 22 M REZ I NS, AT 2 G T 2
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