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Abstract: Efficient harvesting of triplet excitons is crucial to the development of high-performance organic light-
emitting diodes(OLEDs). Other than phosphorescence, the thermally activated delayed fluorescence(TADF) mecha-
nism enables the upconversion of triplet excitons to singlet ones via reverse intersystem crossing(RISC) , followed by
fluorescent radiation from the spin-allowed singlet excited states, providing another pathway to transition metal com-
plexes for utilizing triplet excitons. However, the past decade has witnessed a blooming research interest in the pure-
ly organic TADF materials while the TADF metal complexes has only received much less attentions. Whereas, it has
been shown that the presence of metal atom can boost the RISC rate through its heavy atom effect, leading to im-
proved TADF emissions with high efficiencies and short lifetimes. Therefore, TADF metal complexes hold advanta-
geous for the fabrication of high-performance OLEDs in terms of high-efficiency and small efficiency roll-off. This ar-
ticle summarizes the advances in TADF metal complexes by focusing on the excited state nature related to different
electronic configurations, the photophysical and electroluminescence performance of representative TADF metal com -
plexes. The structure-property relationship has been discussed which is conceived to provide useful guidelines for fur-

ther design of TADF metal complexes, particularly those based on inexpensive metal elements.
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Tab. 1 Physical data and OLED data of the complexes reviewed in this paper

In solution/RT In film/RT OLED performance
C 1 T/,C AL Ref.
OMPIEY T Solvent D/% Host ™ /% EQE,, /% CIE ¢
nm nm
Cu-1 2-MeTHF — 58 — — — — — 16. 10 — [9]
Cu-2 CH,CL 498 8 PMMA 466 41 - — - - [10]
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In solution/RT In film/RT OLED performance

Complex g pemt ™ gy Host wl gy TIC Aud EQE,, /% CIE e,
nm nm

Cu-3 CH,CI, 602 4.9 PMMA 570 22 — 574 15. 64 (0.48,0.51) [20]
Ag-1 2-MeTHF 568 6 PS 512 79 — — — — [21]
Au-1 MCB 550 — — — — 334 500 26.30 - [22]
Cu-4 2-MeTHF 492 100 PS 474 100 — 460 9. 00 — [23]
Cu-5 2-MeTHF 542 55 PS 506 90 — 543 19. 40 - [24]
Ag-2 2-MeTHF 512 95 PS 472 100 — — - - [25]
Au-2 Toluene 505 89. 6 PS 464  65.5 322 500 5. 80 (0.15,0.24)  [26]
Cu-6 Toluene 638 12 CBP 599 65 — 628 21. 10 (0.58,0.42) [27]
Au-3 2-MeTHF 650 — mCP 562 75 249 — - - [28]
Au-4 2-MeTHF 650 — mCP 565 94 332 579 12.75 (0.48, 0.50)  [29]
Cu-7-1 Toluene 624 29 mCP 567 88 325 582 18.70 (0.51,0.48) [30]
Cu-7-2 Toluene 555 58 mCP 508 89 346 521 20. 60 (0.27,0.57)  [30]
Cu-7-3 Toluene 660 14 mCP 581 66 377 619 14. 40 (0.58,0.42) [30]
Cu-7-4 Toluene 635 15 mCP 568 76 350 — - - [30]
Cu-7-5 Toluene 502 74 mCP 470 52 312 474 23. 60 (0.14,0.22)  [30]
Au-5-1  2-MeTHF 587 — DPEPO 525 66 395 531 23.90 (0.37,0.57)  [31]
Au-5-2  2-MeTHF 612 — DPEPO 529 66 311 — — — [31]
Cu-8 CH,C, 518 19 mCP 492 74.6 347 501 7.42 (0.21,0.43)  [32]
Ag-3 CH,CI, 500 59.6 PMMA 471 99.1 328 — — — [33]
Ag-4 CH,CI, 533 — mCP — 62 332 560 8.76 (0.45,0.62) [34]
Pd-1 CH,CI, 534 — PMMA — 72 - - 20. 00 (0.30, 0.61)  [35]
Pd-2 CH,CI, 472 70 — — — — 476 25.10 (0.14,0.25)  [36]
Pi-1 MCH 654 — TPP — 31 — 607 7. 40 (0.62,0.37) [37]
Au-6 Toluene 524 79 PMMA 517 84 228 500 23. 80 (0.27,0.51)  [38]
Au-7 Toluene 594 25 TCTA/TPBi 568 80 347 — 23.40 (0.40, 0.55)  [39]
Au-8 Toluene 612 49 TCTA 568 89 — — 25.03 (0.43,0.54) [40]
Au-9 Toluene 599 7 mCP 535 79 399 544 15.00 (0.40, 0.55)  [41]
w-1 Toluene 554 14.7 mCP 554 84 — 580 15. 60 - [42]
Zr-1 THF 581 45 — — — — - - — [43]
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Fig.2 (a)Chemical structure of Cu-1. (b) Excitation and emission spectra of the vapor-deposited 1% Cu-1/1, 1-bis (4-bis(4-
methylphenyl) aminophenyl) cyclohexane (TAPC) film at 295 K and 100 K ',
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Fig.3 Chemical structures of Cu-2, Cu-3 and Ag-1.
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® Coplanar D-A orientation
® Facile M-N rotation

® Twisted D-A orientation
® Restricted intramolecular motion
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Fig.6  (a)Sketches of reported carbene - metal -amide (CMA)
complexes. (b) Design concept of twisted CMAs. (¢)
Chemical structures of Au-3 and Au-4. (d)Schematic
three-state TADF mechanisms of Au-4. (e) Calculat-

ed HOMO and LUMO for Au-4 based on DFT'*’.
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