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Background: Clusteroluminescence
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Background: DFT and TDDFT
Density Functional Theory
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Background: Difficulties !

𝜈𝑒𝑓𝑓 𝒓, 𝑹 = 𝜈𝑒𝑥𝑡 𝑹 + ∫ 𝑑𝒓′
𝜌 𝒓′

𝒓 − 𝒓′
+ 𝜈𝑥𝑐 𝒓

𝜈𝑒𝑓𝑓 𝒓, 𝑹 = 𝜈𝑒𝑥𝑡 𝑹 +
1

|𝒓|
+ 𝜈𝑥𝑐(𝒓)

N-electron system

One-electron system( 𝒓 → ∞)
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Background: Hamiltonian Learning
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Hamiltonian Matrix in Atomic Basis Function

𝐻𝐶 = 𝜀𝑆𝐶𝜓𝑖 𝒙 = ෍

𝑎

𝐶𝑎𝑖𝜒𝑎(𝒙)

𝐻 = 𝐻𝑖𝑗 = ∫ 𝑑𝒙 𝜒𝑖
∗ 𝒙 ෡𝐻𝜒𝑗(𝒙)

𝜒𝑖 𝒙 = 𝑅𝑛𝑙 𝑟𝑖 𝑌𝑙𝑚(𝜃𝑖 , 𝜙𝑖)

(𝐻𝑖𝑗)𝑚1,𝑚2

𝑙1,𝑙2 = ෍

𝑚1,𝑚2

𝐷𝑚1𝑛1
𝑙1 𝐷𝑚2𝑛2

𝑙2 (𝐻𝑖𝑗)𝑛1,𝑛2

𝑙1,𝑙2

Nat Commun. 2024;15(1). 

SchNet+H,  HamGNN, DeepTB, 

DHNet and other Works…

DeepH-E(3)

PhiSNet



J Chem Theory Comput. 2015;11(8):3851-3858.

Background: Exchange-Correlation Functional Optimization

𝐽 𝜔 = 𝐽𝑁 𝜔 + 𝐽𝑁+1(𝜔)

𝐽𝑁 𝜔 = |𝜀𝐻𝑂𝑀𝑂
𝜔 𝑁 + 𝐼𝑃(𝑁)|

𝐽𝑁+1 𝜔 = |𝜀𝐻𝑂𝑀𝑂
𝜔 𝑁 + 1 + 𝐼𝑃(𝑁 + 1)|

argmin[𝐽2 𝜔 ]
𝐸𝑥𝑐 = 𝛼𝐸𝑥

𝑆𝑅−𝐻𝐹 𝜔 + 1 − 𝛼 𝐸𝑥
𝑆𝑅−𝐷𝐹𝑇 𝜔 +

 𝛽𝐸𝑥
𝐿𝑅−𝐻𝐹 𝜔 + 1 − 𝛽 𝐸𝑥

𝐿𝑅−𝐷𝐹𝑇 𝜔 + 𝐸𝑐
𝐷𝐹𝑇

Range-Separated Hybrid Functionals Janak Theorem
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Science. 2021;374(6573):1385-1389Phys Rev Lett. 2012;109(22):226405.



Motivation: Efficient Deep-Learning DFT method

◆Accurate electronic structure calculations for the systems with complex structure 

and serious SIE – Aggregate or Cluster Systems

◆ SIE correction for complex organic systems 

◆ Efficient calculation method for complex organic systems 

Monomer Oligomer Crystal

𝑵~𝟏𝟎𝟏 → 𝟏𝟎𝟐 𝑵~𝟏𝟎𝟐 → 𝟏𝟎𝟑 𝑵~𝟏𝟎𝟑 → 𝟏𝟎𝟓 𝑵~𝟏𝟎𝟐𝟑

System

Size
DFTWFM DFTFull Quantum Mechanics ?

Polymer

Deep Learning +DFT !
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Technical Approach: Preparatory Work OPTXC

TDDFT@ML-ωB97XD/cc-pVTZTDDFT@B3LYP/cc-pVTZ

Electron

Hole
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Technical Approach: DeepRSH, DeepMolH and TD-DeepMolH
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Technical Approach: GNN Based Optimization Method

Janak TheoremBackpropagation
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Technical Approach: Hamiltonian Learning Method -DeepMolH
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Hamiltonian From 

DeepRSH
Backpropagation



Technical Approach: Excited State Method – TD-DeepMolH

𝐴 𝐵
𝐵∗ 𝐴∗

𝑋

𝑌
= 𝜔

1 0
0 −1

𝑋

𝑌

𝐴𝑖𝑎.𝑗𝑏 = 𝛿𝑖𝑗𝛿𝑎𝑏 𝜀𝑎 − 𝜀𝑖 +

           ∫ 𝑑𝒓∫ 𝒓′𝜙𝑖 𝒓 𝜙𝑎
∗ 𝑟

1

𝒓−𝒓′ + 𝑓𝑥𝑐 𝜙𝑏
∗ 𝑟′ 𝜙𝑗 𝒓′  

𝐵𝑖𝑎,𝑗𝑏 = ∫ 𝑑𝒓∫ 𝒓′𝜙𝑖 𝒓 𝜙𝑎
∗ 𝑟

1

𝒓 − 𝒓′
+ 𝑓𝑥𝑐 𝜙𝑏

∗ 𝑟′ 𝜙𝑗(𝒓′)

𝜓𝑒𝑥 = ෍

𝑎𝑖

𝑥𝑎𝑖𝜙𝑎𝑖

𝜓𝑑𝑖 = ෍

𝑎𝑖

𝑦𝑎𝑖𝜙𝑎𝑖

Casida Equation

?
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Timeline

Ground States:

Excited States:

◆ 2025.09-2025.12: Optimization of DeepMolH and DeepRSH modules

◆ 2026.01-2026.02: Expanding DeepMolH from monomers to oligomers

◆ 2026.03-2026.08: Photophysics properties of clusteroluminescence based on DeepMolH

◆ 2026.09-2027.02: Discussion of excited states theory and construction of TD-DeepMolH

◆ 2027.03-2027.08: Expanding TD-DeepMolH from monomers to oligomers

◆ 2027.09-2027.12: Rigorous interpretation of the photophysical mechanisms in clusteroluminescence
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Expected Outcomes: Electronic Structure Theory

◆ DeepRSH: Range-Separated Hybrid functional optimization module

◆ DeepMolH: Deep learning DFT Hamiltonian method for complex organic system

◆ TD-DeepMolH: Efficient excited states calculation method based on DeepMolH

Electronic Structure Methods:
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Expected Outcomes: Organic Functional Materials

Organic Photoelectric Materials:

◆ Basic photophysics mechanism of Clusteroluminescence for energy gap

◆ Accurate excited state information of Clusteroluminescence

◆ Structure-Property Relationship of Clusteroluminescence
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Appendix: Calculation results of OPTXC

Phys. Rev. Research 4, 033147



Appendix: Screened Range-Separated Hybrid Functionals
Phys. Rev. B 88, 081204(R)



Appendix: Optimization method of DeepRSH



Appendix: Optimization method of DeepRSH

Scaned-CAM-B3LYP/cc-pVDZ



Appendix: Test of DeepMolH trained on 270 molecules

B3LYP/cc-pVTZ



Appendix: Dataset



Appendix: Matrix Size of Hamiltonian in DFT and TDDFT

Ground State Hamiltonian Matrix: ~𝑶(𝑵𝒆
𝟑)for calculation

• (𝑵𝒐𝒄𝒄+𝑵𝒗𝒊𝒓𝒕) × (𝑵𝒐𝒄𝒄+𝑵𝒗𝒊𝒓𝒕)

Excited State AB Matrix: ~𝑶(𝑵𝒆
𝟓) for calculation ~𝑶 𝑵𝒆

𝟒  for memory

•  (𝟐𝑵𝒐𝒄𝒄× 𝑵𝒗𝒊𝒓𝒕) × (𝟐𝑵𝒐𝒄𝒄× 𝑵𝒗𝒊𝒓𝒕)

• (𝑵𝒐𝒄𝒄× 𝑵𝒗𝒊𝒓𝒕) × (𝑵𝒐𝒄𝒄× 𝑵𝒗𝒊𝒓𝒕) in Tamm-Dancoff Approximation

𝐴 𝐵
𝐵∗ 𝐴∗

𝑋

𝑌
= 𝜔

1 0
0 −1

𝑋

𝑌

𝐴𝑖𝑎.𝑗𝑏 = 𝛿𝑖𝑗𝛿𝑎𝑏 𝜀𝑎 − 𝜀𝑖 +

           ∫ 𝑑𝒓∫ 𝒓′𝜙𝑖 𝒓 𝜙𝑎
∗ 𝑟

1

𝒓−𝒓′ + 𝑓𝑥𝑐 𝜙𝑏
∗ 𝑟′ 𝜙𝑗 𝒓′  

𝐵𝑖𝑎,𝑗𝑏 = ∫ 𝑑𝒓∫ 𝒓′𝜙𝑖 𝒓 𝜙𝑎
∗ 𝑟

1

𝒓 − 𝒓′
+ 𝑓𝑥𝑐 𝜙𝑏

∗ 𝑟′ 𝜙𝑗(𝒓′)

𝜓𝑒𝑥 = ෍

𝑎𝑖

𝑥𝑎𝑖𝜙𝑎𝑖

𝜓𝑑𝑖 = ෍

𝑎𝑖

𝑦𝑎𝑖𝜙𝑎𝑖

Casida Equation



Appendix: Equivariant Graph Neural Network

Front. Comput. Sci., 2025, 19(11): 1–69



Appendix: Application of Graphormer-M-OFDFT
Nat Comput Sci 4, 210–223 (2024).
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