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Abstract: Fe”-doped near-infrared luminescent materials have drawn increasing attention due to their tunable broad-
band emission, excellent biocompatibility and low toxicity , demonstrating promising applications in bioimaging and nonde-
structive testing. Understanding the structure-property relationship between crystal structure and luminescence perfor-
mance, along with optimization strategies, is crucial for developing novel high-efficiency Fe”-doped materials. This
review summarizes recent advances in Fe*-doped NIR luminescent materials. Using Tanabe-Sugano diagrams, we analyze
the luminescence mechanisms of Fe* in both octahedral and tetrahedral coordination environments. A systematic compari-
son of materials reported in the past five years is presented, focusing on their luminescence properties, optimization
approaches and application fields. Finally, we discuss current challenges and future prospects to provide valuable insights

for understanding emission mechanisms and developing high-performance Fe**-doped NIR luminescent materials.

Keywords: near-infrared luminescence; Fe' doping; crystal structure; luminescent performance optimization

strategy

Bk AR A RO . A P L Al S i (i C—
H ., O—H 1 N—H) (945 51 | 22 B sl 45 50 Wi A 1y
AT £L 416 (Near-infrared , NIR) B AT B B9 ZF 4P TR £LA0X" 0 UL, 20N /e NACHL LB

13l

nu\A

W #e B 2025-12-09; €T H#: 2025-12-21

HEETE: HEHRFEIEAE(12374376) 5 INAA [ AR 34 (ZR2021ZD 10, ZR2024MEO057) 5 | 7348 3 Al 5 1o FH il F 7 56
(2024A1515010408)
Supported by National Natural Science Foundation of China (12374376) ; Natural Science Foundation of Shandong Province
(ZR2021ZD10, ZR2024ME057) ; Guangdong Basic and Applied Basic Research Foundation (2024A1515010408)



570 K b/

¥R 58471 %

st 73 T A5 A G AU B AR ) AR AR AR I T JBER
o) S5 B 2% B A R )Tz B R i S
FH LSRG 21 A1 6 YR A L iy B B 380R M 5 e I ke
o BGRYIT L AMDLIR AN AT, B AR OETE T
LR & AWUECAW( 2= SR ) & 3 Ny
S AR s ELOR RO X LA T g 1 80 4 45
R BRI T LSS B M T A R S A 8
W 58 3 R 3L 21 50 KO A RS K0t A (Light-
emitting diode, LED) it i 45 & , il % WL 21 4h 9%
I ¥ Y K 6 — W4 (Near-infrared phosphor-con-
verted light-emitting diode , NIR pc-LED) , iX F i1 £1
SR EIR A RCRE R ST/N  fi I Oig 5E A ET
I A I AR

T RS AOE ML LED S A B2 Kk e
3 LB, R T NIR pe-LED 9P g £ 2 e T
LA ROEAR S R, SR T R s AR
5E Tk 4 1 3L £0 81 A6 #E B A NIR pe-LED #F 4
A SCHE . H AT, T 28 RO BRI BT 5 AR
FERR L8 F (P (Nd™ Tm™ , Yb™) Bl i ¢ 43 /i 5
T (NP Fe™ [ Cr™) #5822 10 JC ALk o0 A R
LR B T BRI LA RO BER £ R R Al
Je i, AN BE W 2 FE A NIR pe-LED 9 sR™20 2f
W 4 R/ Cr™ 8 1 Al LUALE 55 /T AR & 4R 37 vh ™ AR
650~1 200 nm {9 AT 3 T2 45 % 5, A Oy 2 92 B 98
T ZL A0 KO0 B BRSO R B GRS
S AL B Cr® 45 25T BUROE RO FR AR T 1R 4
)| S\ P 7 2/ AW\ oy v S o e B A
5T 4L A58 — % A (Second near-infrared win-
dow , NIR- I ) X 3, & S e B IC . SR T, L A7
TE R CRAAR AR E T 28 45 (] A

AT BIRE T, HAT R 500 i T 454 (3d°)
() Fe™ B FAREE , X BRBE 0075 et/ H 2R 24
VWRSTHEZE TR EAEYEETHEAEX
FR L FH S 3, BN S — ol BRAEL A RS R Fe™
B AT LLA SR DR R AR R M A2 2E T 5
i NIR pe-LED #9325 o [a] if, HCAE A= ) A% LT
P AP B B 20 R R L 5 L T W 5 A AR R %
AR SR, Fe™ 48 2% 3T 21 Ah & 6 # B F 52475
FEAE— SE PR, 0, A S PR B R S AR R A
IR DL S A AR PR 22 5 AR SCHEIR T Fe™ 48 2%
T ZLAh R G R R Y B BT BT R, R T Fe B
AT LT AN R K AL BE 25 5 Ak A 2
PET

2 Fe"#g A AL

Fe™ B (1 1 7 HE A R [Ar]3d7, &b T2 580 4R
Ao HESNZMWSA 3d B (d, deded od)
TEH H B ReE R E A TAMNZ 2 ik
SR BB DR U, T R R U Fe Y
ROCHERE . Y Fe' 4b T U 1 42 5 /\ T A B 457 3
B, TC A4 H 37 2 fof DA 17 O 1) 3d T8 & 2R e
73348 i = IF Y o P08 (d,, dd,,) FESCE
7 IF 14 e, B (d . .od ), BAR s 2407 U0 &L 1 i
AR LT R G 25 B IC A 3R BE AR AL 7E DU If R
R (4/9)A, NTHAR S o A(H H A=10D,) . 7]
DL R 28 a3,

D, = zezr: ’ (1)

6R

Hoh D& AR SR, R 0 BH S RG22 []
MRS 2 2B T I B e e L FHIAT  rig d
W PR AR
‘é: dey d d_ d_
-;§&§£;y NQQJQ@J% M
ﬁm)eyj 01’})ilalt3f~z/‘w§)‘ll L4 L

{4/1“ /" Free ion ™ : ~.8/3Dq

- - - b, f T ]
ods % _o B
©.L/ L L v

Fopop. e
' d, “d “d d.

dyee

i()l] in octahedral field lon in tetrahedr;ﬂ field

LT N4 D T4 FR T 3d Bl 9B IR L K 54> d 3L
it A B

Fig.1 ~ Under octahedral and tetrahedral symmetries, the shapes
of 3d orbitals and the energy level splitting of the five

d orbitals"™"’

Fe' HAT 3d° WL T4 B A7 7w A e AR A e
PIRARAS . SR T RO RE K T A 1A
Yoy 2468, il TR R N 23 5 BUIE HL A e AT
T RUAR SE B~ T i 1 E S (68, L=0) , B AT BRX
PRAVE s E5R AR (I CNO) b, R AR 37 00 2468 o
S, LTI S O AR RE L IE L B AR A e
B W T Fe" MR Z ARG RS , A Y
Z R AR TR ARESES R 6S(L=0),
A A A X R P TR AR 3 (/T A I T A 55 ) v 3
ANRAREHR I IR LRI A A AT
SREYN — F A AR K ™ K
FARREWM A IR TAHF A A B s o (G,
P, AE /T AR T AR 3 rh LA LA S 2R
T T A WESERES . I TRENANES,MAS



%4

MIEEYT, 55 Fe™ BRI L0 ROUM RHIT IE ik R 571

VO E A, P d-d BRAE 8 [ e AR PHER AT .
TR RS B 3 B, B 3dT S Y e 7E Y
TR 5\ AR 3 o B A 25 L Y Tanabe-Sugano fig
G A SC LA NN 37 v Fe™ (1 g 91 16 Ry 151 E 4T
Wig.

75 2 Jit 7 59 /N T AR BE AR 35 Fe™ 1 Tanabe-
Sugano BEZ B W, 3d L F A S A 7E 16 4~ Rus-
sell-Saunders 3, fL 45 2 /N EA(°S.°D) .74~ 1M
EACSUPUDVFUCUHS DA TAZEACS P,
DUFCGCH DM B LR TR R AR
HAT B 5K 0 0k 2 R oy B B e R
AW T RE R BT AR R B A Y
B g, M Fe kT D/B>0 M EL R L, A
H1 B 15 WORE & AR BB 9003 T e A2 O B AR 3 1%
T, R A e 2 RN R . BRI
AOSHFAS R ARG R A VE VT, BT,
PEEAS R T D 43BN B RN, F MR AE S A

60
ap
4A2
50 T,
B
=D _ 40 [_ R
ip a7
2
e “AJE
3 30
20
‘Tz
10k 7
(ss
0 °A,
0 5 10 15 20 25

10D /B

M2 T AR 3d° fL R LAY T-S g g &)
Fig.2  T-S energy-level diagram of the 3d’ electronic configu-

ration in the octahedral field™’

Sy M T-S RE G I AT AL, AL CAL/E R YA, fiE
G Ry K2R, R BT RE B Bl AR 37 0 R RO
HV9 2 HAT AR B 28 MR o 22 v -
BB BRI A9 3 2 v I e - A
FORGE . A LT REGRIN A R AN UK
1 G N FE S A 1) RE G BR AT N, o - A
AR, 2 R R B . ML
LT R RE 2R B AR 7 1 R TR B, B E AT
HES AR THEAR . —BimE , AR BT

A Z ] A BRAE 2 77 AR B v i i A, HAA S 22 %
MR BEHARTE . I, AT, (D) BR 1T 7 AR Y
A LA ' ECD) B 5 (H LG A, — T, (G ) A,

SR, i Fe JE NS WA B A S iE )2
R AR BRGT R B A T RS NAES
(S=5/2) , ¥ & 24 0 U E 45 (S=3/2) , A JE s A% it
AS=1(#0), )& T HHEAEBHERE " 33k 3 Bk I BR
T K Bk AN A R I BR AT (DL HUE X AE L RE
) di e BT, N RO T AR AR, SRR
BARK R RO AR M kot Far (2R a5 .
BEAI AR B R (SRR TR W), fE B
AR L 1 4 B8R AL SRV [ AR AR
A [E) LT BRE . R, b TN BC AR 3 i
Fe, M d-d BRAF 32 21 7™ 4% FR 61, 52 90 3 o 4 I B
14 Vo 280 R AT T i 5 Rk

3 Fe'#pleimsr bR A A AR
bl

BT R SO R S LB A I IR Fe Y & O
P BE SR ZUAKH T H R WA A 5 . il i A B
$E L A RE L 9 BC A S5 K B o s, T A R
W Fe WY R BT K R N ROR G L SR
ARG T I AAF R CT Fe WUH T 2040 R
6B R 5 0 R | Fie BEEE 25 4 S ALK H Ay oy
PR 2 IR PRANPE IR T 45 28 R & o6 M fE 5
FEHAR .
3.1 RBAEW

I dib AT ZE K S — PR UL BB A R A B R A
¥y, Hoam ol L€ R A AB,O,, Z=8, =5 Al B N
Fd3m,J& T3 fh &Y R ASHIL 08 T
R SR ST 07 % HE R R R SRl S R IR A
PRI A WA . 72 IEJ d A, A o 4 D 1 44
25 B, B TR S B 5 T AE TR DL B AR A
AT AT SRR B ] & 8\ AR as
Tl 4 2 B0 BN A DU T AR 2 B B 2RI Fe
B F RE 08 o 4l e A% DU A s AR 07 A, AT
SEPAT LA RO

Zhou %5 45 B T Mg, Al 0,: Fe™ T 2T 4h &
MR, 5 R 3(a) firn™, AT i Mg /AT
BH 25 7 AR R 95 Fe™ 1Y Jm 3804 R 9 B8 R o o7, 5
BRI AT R S A S SR E . 7R 3(h)
J& 7~ 19 ) EUR O (Photoluminescence , PL) Y6 1% |
AL F 730 nm 09 98 & 5 A A LU Al Sy A e A



¥R 8415

(a)
AMO,
(h)
or —PL
[ Peak 1
[ Peak 2
= 4T
é
=
z
2
=
2k
AIO,
0 - n :“;r_ e,
600 700 800 900 1000

A/mm
B3 (a)MgALO, M a4 45 14 B PR B 0 65 Y e A JL A I
PR3 (D) MgALO,: Fe™ ) PLOGTE K o 7 #0145 i £
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Fig.6  (a)The NIR transmission spectra of alcohol and water. (b)The absorption spectra of alcohol and water*. (¢)Bio-imaging
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of blood vessels in the human hand'
the dark using a near infrared camera on a black background plate under ultraviolet excited light'®. (f)Images of a series

of numbers “63988” are recorded under the radiation of natural light. (g) As-prepared NIR pc-LED light'”". (h) The PL

spectra of NIR pe-LEDs devices and the mechanism of night-time supplementary lighting in cultivation environments'*’
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