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MR-TADFs

Multiple Resonance Thermally Activated 
Delayed Fluorescence

"I recognize the 
words, but NOT

the whole 
sentence History and Essential theoretical 

background of TADF
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What is TADF and Why we need TADF?
When a device is electrically excited: 3:1 ratio of T:S

For Normal fluorescent material only S state can be 
used for emitting lights: Maxium EQE: 25%

DEST small enough (<=100meV)

Fast enough RISC (Reverse ISC, T1→S1)

(<=100meV

Maxium EQE: 100%
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What determines DEST

Δ𝐸 𝑆𝑇 = 2𝐽

𝐽 = නන𝜙𝐻 𝑟1 𝜙𝐿 𝑟1
𝑒2

𝑟1 − 𝑟2
𝜙𝐻 𝑟2 𝜙𝐿 𝑟2 𝑑𝐫𝟏 𝑑𝐫𝟐

Exchange Integral
(交换积分)

Physical Meaning:

泡利不相容原理，三线态的两个电子无法在空间中靠近。减少了电子斥力

Δ𝐸𝑆𝑇 ∝ 𝐾 ∝ 𝜙𝐻 𝜙𝐿

HOMO-LUMO overlap

Small HOMO-LUMO
overlap

Small DEST Faster RISC; better EQEMolecular design?
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Gen1 TADF molecular Donor- Acceptor type 

Chihaya Adachi (安达千波矢)

Kyushu University

Highly distorted from the dicyanobenzene

plane by steric hindrance

HOMO/LUMO locates on Donor/Acceptor

S1 usually represents a Charge transfer state 

(donor to acceptor)

Chihaya Adachi etal. Nature 492, 234–238 (2012).
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Gen1 TADF molecular Donor- Acceptor type 

Highly distorted from the dicyanobenzene

plane by steric hindrance

HOMO/LUMO locates on Donor/Acceptor

S1 usually represents a Charge transfer state 

(donor to acceptor)

DEST =83meV
EQE=11.2%

Much higher than 1gen OLED 
(apox. 5%)

Chihaya Adachi etal. Nature 492, 234–238 (2012).
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How small DEST could be?

DEST could be <0 with proper molecular design

But, At what cost?

𝑓 ∝ නϕ𝐻 𝑟 𝑟 ϕ𝐿 𝑟 𝑑𝑟

2

振子强度: 
描述发光
“速率”

For HzTFEX2 only very low emission

Miyajima, D. etal. Nature 2022, 609 (7927), 502−506.
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What determines KRIST

𝑘𝑅𝐼𝑆𝐶 ∝ 𝐻𝑆𝑂𝐶
2 ⋅ exp −

Δ𝐸𝑆𝑇
𝑘𝐵𝑇

DEST is NOT the only factor matters in RISC process

Spin-Orbit Coupling

෣𝐻𝑆𝑂𝐶 =෍

𝑖

𝜉 𝑟𝑖 ෡𝐋𝑖 ⋅ ෡𝐒𝑖

Both S1 and T1 are Charge transfer state (usually p-p)

Other state need to be coupled

Normally it should be 3𝑳𝑬

For Acceptor/Donor Design an Energy Accessible LE State Should be Find

“Heavy atom effect “
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Donor- Acceptor type TADF materials

Chemical Reviews 2025 125 (14), 6685-6752
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Major Drawbacks in Gen1 TADF 

Several drawbacks (low stability, roll-off, etc.) origins from the D-A molecular

But there’s one that is Intolerable.

No way this is a blue emitter. 

Chemical Reviews 2025 125 (14), 6685-6752
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What determines FWHM?

DQa : measurement of structure difference between Excite state and ground state.

σ2 =෍
α
𝑆α ℏωα

2 2𝑛α + 1

𝑆α =
𝑀αωαΔ𝑄α

2

2ℏ

𝐹𝑊𝐻𝑀 = 2 2 ln 2

How to achieve small structure difference ? 

S1 of D-A type TADF: CT state huge difference

Simplified graphical explanation
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MR-TADF

畠山 琢次
Takuji Hatakeyama

Takuji Hatakeyama etal. Adv. Mater. 2016, 28, 2777–2781
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MR-TADF

畠山 琢次
Takuji Hatakeyama

Takuji Hatakeyama etal. Adv. Mater. 2016, 28, 2777–2781
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Three major family of MR-TADF Molecular
B-N type molecular

Chemical Reviews 2025 125 (14), 6685-6752
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Three major family of MR-TADF Molecular
N-CO type molecular

MR properties relays on CO’s pai* 

Chemical Reviews 2025 125 (14), 6685-6752
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Three major family of MR-TADF Molecular
N-PAHs type molecular

MR properties relays on PAH’s pai* 
Chemical Reviews 2025 125 (14), 6685-6752
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Three Key Challenges within MR-TADFS 

Full-Color, Narrowband, 
High-Efficiency 

Electroluminescence

Avoiding ACQ
In solid phase: breaking the 

Aggregation through molecular 
design

Avoiding roll-offs and TTAs:

Towards faster KIST
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Towards Deep RED Emission: The issue

lPL: 437 nm
FWHM: 33 nm

lPL: 564 nm
FWHM: 60 nm

Challenge：Adding Donor/Acceptor on the compound 
Will cause decrease property in MR-TADF

Small step in wavelength
Huge step in wavewidth

Short-Term Charge 
Transfer Dominates (SRCT)

More LRCT combines
More properties like D-A type TADFs

Chemical Reviews 2025 125 (14), 6685-6752
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Solution 1: Finding the balance 

Takuma Yasuda et.al Angew. Chem. Int. Ed. 2021, 60, 23142 –23147 

Chenglong Li et.al Angew. Chem. Int. Ed. 2023, 62, e202216473

Chuluo Yang et.al Adv. Funct. Mater. 2021, 31, 2102017
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A-para-B/ D-para-N

Takuma Yasuda et.al Angew. Chem. Int. Ed. 2021, 60, 23142 –23147 

Takuma Yasuda et.al Angew. Chem. Int. Ed. 2023, 62, e202216473

Chuluo Yang et.al Adv. Funct. Mater. 2021, 31, 2102017

Donor

N

B

Acceptor

N

B

D-para-N: Red shift A-para-B: Red shift

Donor

B

D-para-B: Blue 
Shift

And vice versa
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Solution 1: Finding the balance 

Takuma Yasuda et.al Angew. Chem. Int. Ed. 2021, 60, 23142 –23147 

Takuma Yasuda et.al Angew. Chem. Int. Ed. 2023, 62, e202216473

Chuluo Yang et.al Adv. Funct. Mater. 2021, 31, 2102017
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Solution 2: Enhancing SRCT/LRCT

Takuma Yasuda et.al J. Am. Chem. Soc. 2020, 142, 19468−19472

Lian Duan et.al Angew. Chem. Int. Ed. 2021, 60, 20498– 20503

Chuluo Yang et.al Angew. Chem. Int. Ed. 2024, 63, e202318433
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Solution 2: Enhancing SRCT/LRCT

Takuma Yasuda et.al J. Am. Chem. Soc. 2020, 142, 19468−19472

Lian Duan et.al Angew. Chem. Int. Ed. 2021, 60, 20498– 20503

Chuluo Yang et.al Angew. Chem. Int. Ed. 2024, 63, e202318433
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Solution 2: Enhancing SRCT/LRCT

Takuma Yasuda et.al J. Am. Chem. Soc. 2020, 142, 19468−19472

Takuma Yasuda et.al Angew. Chem. Int. Ed. 2021, 60, 20498– 20503

Chuluo Yang et.al Angew. Chem. Int. Ed. 2024, 63, e202318433
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Solution1: Heavy Atom Effect
Where should we put the heavy atom?

Chuluo Yang etal. Nat. Photon. 16, 803–810 (2022)

*As sensitizer

2PXZBN kRISC/104 ​=4.3

BNSSe
kRISC/104 ​=190

BNSeSe
kRISC/104 ​=2000

BNSSe kRISC/104 ​=600

40.5% EQE: 
Super 

dominating

low roll-off*
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Solution1: Heavy Atom Effect
Where should we put the heavy atom?

More than heavy atom 

effect

LE of Cz contribution

FWHM: 24 nm

FWHM: 26 nm
KRISC/104 =0.9

FWHM: 28 nm
KRISC/104 =22

FWHM: 33 nm
KRISC/104 =18000

Conformational flexibility increased
Yasuda etal.Angew. Chem. Int. Ed. 2022, 61, e202205684
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Solution1: Heavy Atom Effect
Through Space Heavy atom effect

Emitters FWHM (nm/eV) krISC​ (104 s−1)

CH2-SFBN 25 / 0.12 0.81

O-SFBN 23 / 0.12 0.81

S-SFBN 24 / 0.12 5.16

Se-SFBN 24 / 0.12 10.50

CO-SFBN 24 / 0.12 6.64

BNCz 22 / 0.11 3.0
Zuo-Quan Jiang etal.,Chem 11, 102353

Avoid Flexibility of C-Chalo
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Solution2: Transient 3LRCT state

Chuluo Yang etal., J. Am. Chem. Soc. 2023, 145, 12550−12560

Simplified:
3SRCT →3LRCT → 3SRCT

Mathematically: recalls

Similar KRISC
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Solution2: Transient 3LRCT state

Chuluo Yang etal., J. Am. Chem. Soc. 2023, 145, 12550−12560

But very interestingly……

Huge difference in FWHM
Why?
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Solution2: Transient 3LRCT state

Chuluo Yang etal., J. Am. Chem. Soc. 2023, 145, 12550−12560
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Solution2: Transient 3LRCT state

Chuluo Yang etal., J. Am. Chem. Soc. 2023, 145, 12550−12560

The emission should happen in 1SRCT
3SRCT >> 1SRCT=3LRCT > 3SRCT
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Solution2: Transient 3LRCT state

• highly twisted core • Linear π-conjugation extension • Substitution with Oxygen

Chuluo Yang etal., Nat. Photon. 18, 1161–1169 (2024)
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Solution2: Transient 3LRCT state

• highly twisted core • Linear π-conjugation extension • Substitution with Oxygen

Chuluo Yang etal., Nat. Photon. 18, 1161–1169 (2024)

Ultra-fast RISC Rate (2.29×106s−1) without Heavy Atoms
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Solution2: Transient 3LRCT state

• highly twisted core • Linear π-conjugation extension • Substitution with Oxygen

Deep Blue 

Ultra Sharp

Current State of the art

EQE=39.2%(single device)
/74.5%(hyperfluorescence device)

Chuluo Yang etal., Nat. Photon. 18, 1161–1169 (2024)
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Introduction of steric hindrance

Lian Duan, etal. Angew. Chem. Int. Ed. 2022, 61, e202113206

FWHM 
(nm)

kRISC​ 
(104 s−1)

DtBuCzB 25 3.0

S-Cz-BN 23 1.8

D-Cz-BN 22 1.8
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Introduction of steric hindrance

Chuluo Yang etal., J. Am. Chem. Soc. 2023, 145, 12550−12560

FWHM 
(nm)

kRISC​ 
(104 s−1)

DtBuCzB 25 3.0

S-Cz-BN 23 1.8

D-Cz-BN 22 1.8

NOT Current state of the art 
But non of the following work is interesting enough to discuss here 
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Conclusion

• Balancing DEST  , f, and Hsoc

• D-A type TADFs and their limitations: Huge FHWM

• MR-TADFs gives small FHWM (SRCT)

• Towards Deep RED Emission through controlling SRCT and 

bigger BN ring

• Faster RISC: Heavy atom effect + combing other state

• Against ACQs: Introducing stertics




