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Abstract

White-light-emitting mixed lanthanide complexes, combining the narrow-band emission and long
luminescence lifetimes of lanthanide ions with the strong light-harvesting ability of organic ligands,
have emerged as promising materials for solid-state lighting and optical sensing. This review sys-
tematically evaluates recent advances in this field within the framework of “ligand antenna-hetero-
nuclear design-luminescence regulation.” We first elucidate the energy matching principle between
ligand triplet states and lanthanide excited states in the antenna effect, as well as the roles of
Eu3+/Tb3+ energy transfer and concentration effects in tuning emission chromaticity. Three catego-
ries of heteronuclear lanthanide complexes—discrete, doped, and MOF-based—are discussed, high-
lighting that doped systems enable precise color tuning through continuous metal-ratio adjustment,
while lanthanide MOFs achieve warm white light with high color rendering index (CRI up to 88.7)
via multicomponent synergy. The cooperative sensitization mechanism in d-f heterometallic com-
plexes is then emphasized, where Zn2+/Cd2+ complexes serve as “clean” antennas avoiding d-d tran-
sition interference, and Ir3*/Pt3* noble-metal systems extend excitation windows and enhance
quantum yields (up to 59%) through MLCT states. Spectral engineering strategies are summarized
from ligand functionalization, dual-ligand synergy, and bridging ligand design, revealing the critical
role of ancillary ligands in modulating energy transfer pathways. Representative applications in
white LEDs and ratiometric temperature sensing (maximum relative sensitivity 7.94%-K-1) are re-
viewed. Finally, remaining challenges—low solid-state quantum efficiency, insufficient thermal sta-
bility, and scalable synthesis—are discussed, along with future directions including AIE ligand inte-
gration, machine-learning-assisted screening, and flexible device integration.
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Figure 1. Schematic diagram of antenna effect principle [1]
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RE R .

SEIGHIF 78 2R W HUAR IE RN FT 7E£2000 em ! i Bl Y =B A RE, A2 LLEEM Tb* (D4, £ 20,500
em D) E] Bu® (°Do, 49 17,200 cm )RS 2 [ 1]. £ p- ~FHREC AT, BB LB, hfac)
BAZHEQE: FUET R T8O A = SRR T &, E&5 T3+, R C-F 8  miae
AMRIRBN AR PR T AEFm S st a2, HER g- —HR L & WTE IR IR 5T H K R fe e MR 2 5] Bk
IRECAR (AN 2,2'-EIERE bpy AT 1,10-3ER MR phen) ) — HARESIE H A7 T 21,000~23,000 cm ™' Ju [, 5 Tb*
[ SDs REULHC R4, (HR[EILAE bpy/phen B 48 5| ALY R hE 5 Eu¥ IIREHITEC[4].

SR, K R PEREFE bR B T 5 L 28 SRy o0 EUAEZE o, 74 LG &4 1) 22 BE AT TS b S . 7l YAG:
Ce* ek i PLQY HJ 3L 90%LL F, #AaE ML R (150°C N R IG IR E >90%), HELEH)% LED 7~
M H R RIS, R — A4, AHEGZ R, H AT R A7 LRGBS EHE B R PLQY (U unity){Y
J9A5 Li-Ln 54 J8 MOF I, K2 %0tk 2 19 PLQY 7E 10%~40%705 [, B #FaEMEIE A & YAG:Ce¥—
—Z B AEIAE 100°C FARIGHRER FREE IR S0%LL T EARRKZIAE T TIEHa: &k WLED
FAEI L70 2 an OIS IR WL 70% 8 []) AT iA 50,000 /N LA, 46 AL &4 5 WLED 234 1)
FEE B AT I [ H B B /R, 6 AR AR R R BRI . X R, R LA T R AT
AR A T L (YAG:Ce* /) CRI G H A 70~75, 1fifki+ MOF nlik 88 LA I), {HH PLQY
A TR R AT 75 AR AR A SR 7 e A 368 FH R P 4l 5 7 ™ i 3 4 o

5.2. SWEC A/ BL R L Sk

FEFRA LRC AT, B R AR AR XE LR e A OGS P 22 7 B3 1R R T 9
a1, 5 T[] 5D4 REFRULAC R4 AUECiR, Hout Bu® AR 28R vl e R R R K & 2% ik, S 8edl
DA o BRI E A [F]— B A h SINPIR = SRR A R R ERBCR, 70 Bk PR BUE A T
Mt B, R — R 7RO R

Salerno 5 N8 14T Dy** <@ e Bk i 5410 DU € (e SR & 8 R P2 e BERCAA b A R 141 4
HTC, (EF— 7 HSEHL 17X Dy 2N RASETE 2 ALBUL, N7 BDER R DR it
6] WL 2 P C 1A 18] RE A% 336 (156 -5 B [FL2 S200 1O BRI GBI 3R . ML A4 1) = HL A e
PAFAEZ N, FRERCIR T REFIRBE AR R R RE AR, PR RICR W . R AR 0 BT A& P R G 40 1
= AREG I BT PRI - T I IRBE A iR R UL RS A 1 Py, ELCAA [R) e B o /N T O A 2 1
BT R EAREE R3]

6. PSR
RERE R LR AW A e B =R AR SIS 1 R, 12007 T 7 T ik A SR 14

DOI: 10.12677/jocr.2026.143034 399 HHL A5


https://doi.org/10.12677/jocr.2026.143034

EHUHE

KEEPEI -

KB 73 s e & ) FOCARHE IS BA LN &R 17 R (% 30%~60%), (H[E A TEEIRIEE 10%
AR R ZMRIEAE T BT 2708 - SFERMEN - S0 AR FTIT 7800 AR5 5 ot
T, R A BT R PR R G RN R 1SS TR . AR S EA TR SN T ——AE B A R
AN RAEFRBACTE AU T 25 . S NGedR) DA I o 7 1A B 2, BORAC S 3L BB T8 T 3R & i B seil oy
TR . AIE BCARSRIS IRME A OGUE, I R T AL 82 ST 25 A6 s My AR 8 K

M LA MAE A 1 TARIRZ(60°C~100°C) N ARG IAL 73— % Lol IO AL 87 RN T K Zh 2
. BCAR S KRR R, PR SRS IR 2T IR, &R 1 AR v A = B . IR
IR T SN AREC AR CLBR oA A AR e VE L SR JE T 7RI 0 A, S5 A V8 B 7R T B XSz, A B 5 Wt
EF A ARSI S R, O AR T RSA AR, (EIX S GO IE & DU A6
e T A

MSESS = 50 5 R DMV AR T 58 G 2 T AEAE BRI o K 2 Bk R BC S 0 5 s 26 At
WAL M S 8, PR, HAS FIHEUE] P P AL O AR 5 2% T AR 2 o o B 1 B SERrR L) A7 8 B 2
ZE 5t o HUBBAG 2 P (R BB 5 AN R it B P SR TR 8 R, (L X7 W 95 o FEE RS o7 485 ) ) T 4240
fef 5 952 1E o

JEHEASR, DA EAE S, B—, AIE BAESHEE T4 66 E MR R E &
WRPERER R, SR B T RCR MBS R R S . B8 =, HLas S >0 Sl B A TC AR 7 46 A0 R P RE LIRS
HHT R O AP I —— I8 M R AR A R - = AR - SRR R, TR IE 4 kAR
Fie =, LR EWEEMRLS AL K5 s 70 R FLAE AT 27 5 i a6 A SR S s s ) LA

SE

[1] Devi, R., Singh, K. and Vaidyanathan, S. (2020) Synergy in the Energy Transfer between Ligands and Eu III Ions in
Molecular Europium Complexes: Single-Component White Light-Emitting Luminogens. Journal of Materials Chemis-
try C, 8, 8643-8653. https://doi.org/10.1039/d0tc01360a

[2] Reddy, M.L.P. and Bejoymohandas, K.S. (2025) Single-Component White-Light-Emitting Materials Based on Lantha-
nide Coordination Assemblies. Dalton Transactions, 54, 9441-9452. https://doi.org/10.1039/D5DT00172B

[31 Ui, F., Shao, S., Li, Z., Wang, S., Chaudhuri, R., Guo, Z., et al. (2021) A Cyclic Peptide Antenna Ligand for Enhancing
Terbium Luminescence. The Analyst, 146, 3474-3481. https://doi.org/10.1039/d1an00530h

[4] Salazar-Medina, A.J., Navarro, R.E., Santacruz-Ortega, H., Orozco-Valencia, A.U., Lopéz-Esquivel, R.I., Soberanes, Y.,
et al. (2024) Luminescence Properties of Eu** Complexes Based on Macrocyclic Ligands and Its Colorimetric Analysis
for White Warm Phosphor. Optical and Quantum Electronics, 56, Article No. 1064.
https://doi.org/10.1007/s11082-024-07013-2

[5] Chen, J., Xie, Z., Meng, L., Hu, Z., Kuang, X., Xie, Y., et al. (2020) Luminescence Tunable Europium and Samarium
Complexes: Reversible on/off Switching and White-Light Emission. Inorganic Chemistry, 59, 6963-6977.
https://doi.org/10.1021/acs.inorgchem.0c00392

[6] Salerno, E.V., Eliseeva, S.V., Petoud, S. and Pecoraro, V.L. (2024) Tuning White Light Emission Using Single-Compo-
nent Tetrachroic Dy** Metallacrowns: The Role of Chromophoric Building Blocks. Chemical Science, 15, 8019-8030.
https://doi.org/10.1039/d4sc00389f

[71 Zakrzewski, J.J., Sieklucka, B. and Chorazy, S. (2020) Europium(IIl) Photoluminescence Governed by d8-d'° Hetero-
metallophilic Interactions in Trimetallic Cyanido-Bridged Coordination Frameworks. Inorganic Chemistry, 59, 1393-
1404. https://doi.org/10.1021/acs.inorgchem.9b03114

[8] Wang, S., Sun, B., Sun, J., Hao, X., Li, X., Zhou, C,, ef al. (2022) Lanthanide Metal-Organic Frameworks Based on
Planar IT-Conjugated Ligands for White Light Emission, Temperature and Chemical Sensing. Dyes and Pigments, 202,
Article ID: 110256. https://doi.org/10.1016/j.dyepig.2022.110256

[91 Karmakar, S., Ghosh, A., Prasad, K., Rahimi, F.A., Rambabu, D., Haldar, R. and Maji, T.K. (2021) Multicolour Lantha-
nide(III) Porous 1D Coordination Polymers: Tunable Wide Spectrum Emission and Efficient Cu(Il) Sensing. Dalton
Transactions, 50, 13002-13011. https://doi.org/10.1039/D1DT01860D

DOI: 10.12677/jocr.2026.143034 400 HHL A5


https://doi.org/10.12677/jocr.2026.143034
https://doi.org/10.1039/d0tc01360a
https://doi.org/10.1039/D5DT00172B
https://doi.org/10.1039/d1an00530h
https://doi.org/10.1007/s11082-024-07013-2
https://doi.org/10.1021/acs.inorgchem.0c00392
https://doi.org/10.1039/d4sc00389f
https://doi.org/10.1021/acs.inorgchem.9b03114
https://doi.org/10.1016/j.dyepig.2022.110256
https://doi.org/10.1039/D1DT01860D

T

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

Chuasaard, T., Jittipiboonwat, P., Ngamjarurojana, A., Yotnoi, B. and Rujiwatra, A. (2023) Lanthanide-Acetate-
Phthalate Coordination Polymers: Energy Transfer, White Light Emission and Colorimetric Titration. Journal of Solid
State Chemistry, 324, Article ID: 124075. https://doi.org/10.1016/j.jssc.2023.124075

Zhang, R., Zhu, L. and Yue, B. (2023) Luminescent Properties and Recent Progress in Applications of Lanthanide Metal-
Organic Frameworks. Chinese Chemical Letters, 34, Article ID: 108009. https://doi.org/10.1016/j.cclet.2022.108009

Einkauf, J.D., Rue, K.L., Ten Hoeve, H.A. and de Lill, D.T. (2018) Enhancing Luminescence in Lanthanide Coordination
Polymers through Dilution of Emissive Centers. Journal of Luminescence, 197, 412-417.
https://doi.org/10.1016/j.jlumin.2018.01.045

Li, Q., Qian, J., Zhou, J., Du, L. and Zhao, Q. (2020) Highly Chemically and Thermally Stable Lanthanide Coordination
Polymers for Luminescent Probes and White Light Emitting Diodes. CrystEngComm, 22, 2667-2674.
https://doi.org/10.1039/d0ce00228c

Wei, M., Luo, L., Cui, R., Wang, X., Chen, J., Cai, Z., et al. (2022) Highly Luminescent and Stable Lanthanide Coordi-
nation Polymers Based 2-(3’,4’-Dicarboxyphenoxy)-Benzoic Acid: Crystal Structure, Photoluminescence, White Light
Emission and Fluorescence Sensing. Dyes and Pigments, 206, Article ID: 110650.
https://doi.org/10.1016/j.dyepig.2022.110650

Zhang, Y., Liu, B., Shen, Q., Wei, X., Zhou, Y., Zhang, Y., et al. (2020) Nucleotide-Based Green Synthesis of Lanthanide
Coordination Polymers for Tunable White-Light Emission. Green Processing and Synthesis, 9, 578-585.
https://doi.org/10.1515/gps-2020-0052

Manzur, J., de Santana, R.C., Maia, L.J.Q., Vega, A. and Spodine, E. (2019) Tuning White Light Emission in Dinuclear
Phenoxo Bridged Dy Complexes. Inorganic Chemistry, 58, 10012-10018.
https://doi.org/10.1021/acs.inorgchem.9b01153

Qian, J., Lu, H., Zheng, Z., Xu, M., Qian, Y., Zhang, Z., et al. (2021) Achieving Colour Tuneable and White-Light
Luminescence in a Large Family of Dual-Emission Lanthanide Coordination Polymers. Dalton Transactions, 50, 14325-
14331. https://doi.org/10.1039/d1dt01618k

Li, H., Liu, H., Tao, X., Su, J., Ning, P., Xu, X., ef al. (2018) Novel Single Component Tri-Rare-Earth Emitting MOF
for Warm White Light LEDs. Dalton Transactions, 47, 8427-8433. https://doi.org/10.1039/c8dt01477a

Yao, X., Wang, X., Han, Y., Yan, P., Li, Y. and Li, G. (2018) Structure, Color-Tunable Luminescence, and UV-vis/NIR
Benzaldehyde Detection of Lanthanide Coordination Polymers Based on Two Fluorinated Ligands. CrystEngComm, 20,
3335-3343. https://doi.org/10.1039/c8ce00516h

Zhang, F., Li, j., Zhao, Z., Wang, F., Pu, Y. and Cheng, H. (2019) Mixed-LnMOFs with Tunable Color and White Light
Emission Together with Multi-Functional Fluorescence Detection. Journal of Solid State Chemistry, 280, Article ID:
120972. https://doi.org/10.1016/j.jssc.2019.120972

Igoa, F., Peinado, G., Suescun, L., Kremer, C. and Torres, J. (2019) Design of a White-Light Emitting Material Based
on a Mixed-Lanthanide Metal Organic Framework. Journal of Solid State Chemistry, 279, Article ID: 120925.
https://doi.org/10.1016/].jss¢.2019.120925

Jena, H.S., Kaczmarek, A.M., Krishnaraj, C., Feng, X., Vijayvergia, K., Yildirim, H., et al. (2019) White Light Emission
Properties of Defect Engineered Metal—Organic Frameworks by Encapsulation of Eu*" and Tb3*. Crystal Growth &
Design, 19, 6339-6350. https://doi.org/10.1021/acs.cgd.9b00824

Ghazy, A., Lastusaari, M. and Karppinen, M. (2023) White-Light Emitting Multi-Lanthanide Terephthalate Thin Films
by Atomic/Molecular Layer Deposition. Journal of Materials Chemistry C, 11, 5331-5336.
https://doi.org/10.1039/d3tc00464¢

Yu, X., Ryadun, A.A., Kovalenko, K.A., Guselnikova, T.Y., Ponomareva, V.G., Potapov, A.S., ef al. (2023) 4 in 1:
Multifunctional Europium-Organic Frameworks with Luminescence Sensing Properties, White Light Emission, Proton
Conductivity and Reverse Acetylene-Carbon Dioxide Adsorption Selectivity. Dalton Transactions, 52, 8695-8703.
https://doi.org/10.1039/d3dt01323¢

Xu, H.-B., Chen, X.-L., Deng, J.-G., Deng, Z.-H., Huang, S.-L., Kurmoo, M. and Zeng, M.-H. (2018) Sensitized near
Infrared Emission through Supramolecular d — f Energy Transfer within an Ionic Ru(I)-Er(IIl) Pair. Dalton Transac-
tions, 47, 2073-2078. https://doi.org/10.1039/C7DT04041E

Li, D, Jia, Y., Li, Z., Liu, L., Wu, N. and Hu, M. (2023) Identification of Folic Acid and Sulfaquinoxaline Using a
Heterometallic Zn-Eu MOF as a Sensor. Dalton Transactions, 52, 696-702. https://doi.org/10.1039/D2DT03446H
Zhang, G., Xia, X., Xia, L., Sun, F., Dong, J., Li, R., et al. (2021) A Series of New Hetero-Decanucleus Sandwich Cd-
In Clusters Constructed from Open-Chain Ether Schiff Base and Niacin Ligands: Synthesis, Structure, Luminescence
and Antioxidant Activity. Inorganica Chimica Acta, 522, Article ID: 120371. https://doi.org/10.1016/j.ica.2021.120371
Liu, X., Yang, X., Ma, Y., Liu, J., Shi, D. and Niu, M. (2020) Construction of a Nano-Rectangular Zn(II)-Yb(III) Com-
plex with Near-Infrared Luminescent Response towards Metal lons. Chinese Journal of Chemistry, 38, 1585-1588.

DOI: 10.12677/jocr.2026.143034 401 H WA


https://doi.org/10.12677/jocr.2026.143034
https://doi.org/10.1016/j.jssc.2023.124075
https://doi.org/10.1016/j.cclet.2022.108009
https://doi.org/10.1016/j.jlumin.2018.01.045
https://doi.org/10.1039/d0ce00228c
https://doi.org/10.1016/j.dyepig.2022.110650
https://doi.org/10.1515/gps-2020-0052
https://doi.org/10.1021/acs.inorgchem.9b01153
https://doi.org/10.1039/d1dt01618k
https://doi.org/10.1039/c8dt01477a
https://doi.org/10.1039/c8ce00516h
https://doi.org/10.1016/j.jssc.2019.120972
https://doi.org/10.1016/j.jssc.2019.120925
https://doi.org/10.1021/acs.cgd.9b00824
https://doi.org/10.1039/d3tc00464c
https://doi.org/10.1039/d3dt01323e
https://doi.org/10.1039/C7DT04041E
https://doi.org/10.1039/D2DT03446H
https://doi.org/10.1016/j.ica.2021.120371

EHE

https://doi.org/10.1002/cjoc.202000098

[29] Zou, X., Fei, B. and Li, G. (2020) Structural Effect on NIR Luminescence of Three Salen Type Heteropolynuclear 3d-
4f Erbium Complexes. Polyhedron, 192, Article ID: 114811. https://doi.org/10.1016/j.poly.2020.114811

DOI: 10.12677/jocr.2026.143034 402 HHL A5


https://doi.org/10.12677/jocr.2026.143034
https://doi.org/10.1002/cjoc.202000098
https://doi.org/10.1016/j.poly.2020.114811

	混合稀土配合物白光材料：配体天线效应、异核设计与发光调控
	摘  要
	关键词
	White-Light-Emitting Mixed Lanthanide Complexes: Ligand Antenna Effect, Heteronuclear Design, and Luminescence Tuning
	Abstract
	Keywords
	1. 引言
	2. 稀土配合物的发光机制与天线效应
	2.1. 配体天线效应：从吸收到敏化
	2.2. 稀土离子间能量传递机制
	2.3. 浓度效应对发光性能的调控

	3. 异核稀土配合物的白光设计策略
	3.1. 离散型异核稀土配合物
	3.2. 掺杂型混合稀土配合物
	3.3. 稀土配位聚合物与MOF白光材料

	4. d-f异金属配合物的协同发光
	4.1. d区金属配合物对稀土发光的敏化机制
	4.2. Zn-Ln和Cd-Ln异金属配合物
	4.3. 贵金属–稀土(Ir-Ln, Pt-Ln)异金属体系

	5. 配体设计与光谱工程
	5.1. 天线配体的功能化修饰
	5.2. 双配体/多配体协同敏化策略

	6. 挑战与展望
	参考文献

