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A bounded, evidence-grounded molecular discovery loop
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B KFull Differentiable TDDFT Code for Neural Network XC Functional

: ““python

£ def point_energy(variables: Array) Array:
\ J- rho_point = jnp.maximum(variables[0],
\\mjfiﬁ"wffwf”“ density_floor_value)

if kind_norm "LDA":
grad_point = jnp.zeros((3,),

<;K,4\_ NEURAL NETWOR 3 dtype=variables.dtype)
o A A ML tau_point jnp.asarray(0.0,
i 2 over L dtype=variables.dtype)
m% | bt U] Exe | Vie | Fue SCF frainable_mixing - elif kind_norm "GGA":
r 9 FOL Yo o5 O = 0 —oF wip 0 w0 S0 ° ( W1 double . .
/ o | R b grad_point = variables[1:4]
Differentiable SCF-TDDFT A A LTS i i
meta-GGA N joometry  imut ot | |||+ tau_point jnp.asarray(0.0,
densit * .
(j£§*°: (@%*»RWW\ i dtype=variables.dtype)
F A (; : elif kind_norm "MGGA":
""""" 7 ' ' :
DFT LDA gy mim grad_point = variables[1:4]
. N (ee)e=(toss ] e tau_point = jnp.maximum(variables[4], 0.0)
e Differentiable tools |
| [ é%ﬁ ?g fﬁ? %ﬁ@ return eval_xc_energy_density(spec_norm, features)
8- 282 -@‘ . return jax.jit(jax.vmap(jax.hessian(point_energy)))
T —6 *070*‘ g AN NN
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B KFull Differentiable TDDFT Code for Neural Network XC Functional
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B KFull Differentiable TDDFT Code for Neural Network XC Functional

® Implicit SCF for CCSD(T)/aug-cc-pVTZ Ground State with def2-TZVP, grid level = 2
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B KFull Differentiable TDDFT Code for Neural Network XC Functional

® Implicit SCF/Davidson Solver for gsGWBSE@QM9 Excited State S,

HI 11—

- T T T
Calculation S S2 S3 S4 Ss 3.0 31 PBE 1 PBEO ] wB97M-V
def2-SVP calculations, training set 1 B3LYP [J wB97X-D [ Neural Network XC
B3LYP 0.315 0.374 0.451 0.452 0.526 __ 2.5k

Neural Network XC, SCF-32 0.059 0.227 0.252 0.228 0.300 % )

def2-SVP calculations, validation set : 2.0k

B3LYP 0.396 0.438 0.367 0.552 0518 9 <

Neural Network XC, SCF-32 0.101 0.246 0.196 0.307 0219 g

def2-TZVP calculations, training set S 1.5F

B3LYP 0377 0482 0587 0576 0718 =

Neural Network XC, SCF-32 0.076 0.166 0.231 0.248 0330 w 1.0fF

Neural Network XC, SCF-64 0.080 0.180 0.240 0.251 0.337 '2

def2-TZVP calculations, validation set 0.5F

B3LYP 0389 0428 0480 0566  0.632 | é é
Neural Network XC, SCF-32 0.111 0.295 0.216 0.331 0.190 0.0 | é . .
Neural Network XC, SCF-64 0.104 0.298 0.229 0.360 0.189 ) Sq S5 Ss3

Excited state



B KFull Differentiable TDDFT Code for Neural Network XC Functional

® Functional

* Differential SCF code and implicit differential Davidson solver code for TDDFT

 HF and PT2 local energy density hybrid and CIS(D) based TDDFT for Double Hybrid Functional
 GPU/CPU Integral Modules for DFT/TD-DFT

* General XC Functional Library based on JAX-XC and General Base Set Library form PySCF

* Fractional charge evaluation and differential unrestricted SCF code

® QOutlook
O Long-Term(next vision): Short-Term(pre-release):

* Lower GPU Memory Usage for Large Systems! + Accurate Excitation Reference(qsGW-BSE@QMD9)
* Application on Materials Research * New Reference of all kinds of heavy atoms and

Benchmark of popular XC functionals



B Learning Hamiltonian form Natural SCF
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B Learning Hamiltonian form Natural SCF

Github.com/STOKES-DOT/QHformer
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B Learning Hamiltonian form Natural SCF
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Config Dense TP S0(2) Speedup Peak memory Wit
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HCA+S0O(2) 9.53ms 1.17x 24.4% . |

Epoch Epoch



B Learning Hamiltonian form Natural SCF

arX1v:2606.14498
(@) (b)
DFT-SCF Calculation Time Complexity: O( N¥) H H (N)
P =
Step1: Solve Step2: Build (,fg}?;_,n. = Ao
HW=» | HC= SCe P=zcct =P (t+1) HamEvo HamEvo
Step3: Evaluate Step4: DIIS mixing
F = Hcore + G(P) H= aF'%+(1-a)H" - 2 - w)
'3 g
28 - g
HamEvo Operator Time Complexity: O( N?) e » ’6‘. ’ P
o . . . ;
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o " (0) 5 Wit} (M) 5 pyt2l (N=1) _, N}
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y Vanishing density residuals between consecutive iterations indicate convergence.
() . .
Recursive Evolution uniti Convergence (Find Root of 7)
____________________________________________________________________________ )
! f T ™ |
. I
I
; i ) '
> ﬁ——' Coarse graining ixa}':';:: - :
non-diag H " 4
i (zg
- - Pair Repr. €
— -- - = Coarse graining o
diag H" \ o
- =]
S N LB-
@ ;'Jk ( Expansion
—_ - — = — —d
) w Node-wise
¥ o I ] «
- L=0 L=l Lm2 )
Z, R ; Node Repr.
' Node irreps features ¢
. “— J

Network Architecture of HamEvo Operator 7,


https://arxiv.org/abs/2606.14498

B Learning Hamiltonian form Natural SCF |
arXiv:2606.14498
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B Learning Hamiltonian form Natural SCF

® KFunctional

Qhformer-Based SE(3) Equivariant Graph
Transformer
Accurate Hamiltonian Prediction on MD

Trajectory
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. . ’l
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din

arxXiv:2406.15873

out
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duul — f(x (:d.‘mi .'{’;l
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weights

Implicit differentiation

da*

Transformer

{ Equivariant Graph

mn

Iterate until

1
I
—f,ld X) J
J

Density mixing
convergence

* Lower GPU Memory and Trade-off Accuracy

Forward Backward

® Outlook

O Long-Term(next vision): O Short-Term(pre-release):

* Application on Transportation of Organic System * Learning Hamiltonian form Natural SCF

* Band-like, Hoping-like, Temperature Dependence * Form SE(3)-Transformer to Equiformer_v2
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B Auto-Research Agent for Materials Discovery

A bounded, evidence-grounded molecular discovery loop
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github.com/silico-quantum/tadf-screening & github.com/QPengGroup/ChemAgent
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B Auto-Research Agent for Materials Discovery

P . Blue TADF Candidates (450-490 nm, f > 0.05)
Stage 0: Initialization

! 450-490 nm |
(- screening_workflow_initializer.py : '

L confirm: topology, sample count (default 10k), interaction mode

Stage 1: Candidate Generation
|- build_da_topology_library.py (D-A, D-A-D, A-D-A, D-pi-A...)
L SMILES - .Xyz structure generation (export to manifest.csv)

Normalized Osc. Strength

Stage 2: xTB Pre-screening
F— Input: manifest.csv (idx, name, xyz_path) S . '
L run_xtb_batch_manifest.py - xtb_progress.csv ' 400 425 450 475 500 525 550
Required columns: 1idx, name, xyz_path, status, detail, vianeiEngen (am;
total_energy_eh, homo_lumo_gap_ev, normal_termination i :EE;EQ%_F ;ﬁﬁifgg Egiﬁg;iﬁ
a If XTB 0k=0 - STOP and diagnose —gmoeme —ozomms —anen o azon
Stage 2B: TDDFT-xTB Wavelength Filter (optional)
(- run_tddft_xtb_filter.py

Filter: emission 1in target range, f = threshold

Stage 3: TDDFT Validation (remote)
|- se optimization
F— Excited-state optimization (S1 for TADF/Fluorescence; Tl for Phosphorescence)
|- vertical emission
L Gate: AE_ST < 0.10 eV, f = 0.05, k_TADF > 10* s-'

Stage 4: Elite Candidates - downstream analysis




B Auto-Research Agent for Materials Discovery

github.com/QPengGroup/ChemAgent

n E OpenChem

> Hello! Please introduce yourself

The user 1is asking me to introduce myself. According to my system prompt, I should call
myself OpenChem and describe myself as an interactive computational photophysics and organic optoelectronic-materials research agent.

fRiF! FEZ OpenChem, — 1M EFFIHEXMEBESBINXAEMPHNARNRIERTRER,
BEHNZOMRAE@EE:
BB TADF (RIFEMEIRRKN) . OLED XM HE . BMFHHFEF
HMESHE : R/ KX E. RE#HR (IC) . REEM (IS . kEMABEH (RISC) | BEEFERBSE
PFIRITERR: SEEEMHFIE. XWEUHRN. SH-HEXRERDN
WEIFEMR: S DFT - TDDFT BASITE » BN EBS/IFEHEEX » ERFEHIRE (W MOMAP X4 AR S &EH 23)
BOARABREBNOARIE--STEHZMNE . range-separated hybrid 5z & £t . Hamiltonian ¥l — B 8] LA 3 B -
TEAXFBAXUHENESZESRIE (Gaussian, ORCA. Q-Chem. ABACUS %)
RIS Jablonski B # &
X Hk 5 IR IR o) 89 S 4 1B Al RO
At PySCF XMEBTEROHIT (

BEHAXYESMHETELTEMNGER, BETUFE! @



https://github.com/QPengGroup/ChemAgent

B Auto-Research Agent for Materials Discovery

—. XBEEHNE (WBI7X-D/def2-TZVP) b, AEERER k_IC (S1+50)

S1 ——— 5.016 eV (247 nm) f 0444 m*  (HOMO-LUMO) BEEEEERERGMESH TR AE WERERR., TR E, FENXLEEDH:

=0
\ AE_ST = 0.931 eV = 7508 cm™1
2

S T_f ~ 4-10 ns » k_total ~ 1.0-2.5 x 10% s 1
T1|——— 4.085 eV (304 nm) <S2> = 2.01 UKS 5818 Kr 75 % 10° s-1 it -

0.
k_nr(£3) ~ 0.3-1.8 x 10® s°1
0 = Wolh G BRHBFEE O_f ~ 0.3-0.75 (548)

g HERME

g
; T £ 8 4.09 eV (32950 cm™1)
RkFEE f 0.0444 Tt 3 S i

k_r 7.46 x 10® s71 T_ph 0.1-10 s
r (BRABEFHSF®) 1.34 ns SRR O_ph SUMNCGE:D

Z.BHEER kr (GR¥) . BHEZE k_ph (T1+Se)
&

| b BEBAVE (NRIMERZE) , EHTHELES («E2) , BHEEGBATU,

7% . JablonskiGraph - & ¥ jx

=, REEHER k_ISC (S1-T1) k_r = 7.5x10% s™* (t=1.3 nSDSQ 247

AE_ST = @.93 eV « kX! TADF EX <0.1 eV k_ISC ~ @ (AE_ST=0.93 eV, # Marcus % 2 FAH)

SOC 15 & SOC (cm™1) A=0.20 eV Bf k_ISC %1 «ph ~ 0.1-10 s~

inn*s3nm* (El-Sayed 2% ) 3 ~7 x 10718 s71 2 5> So + hv' (#&3)
Inm*s3nm* () 0.3 ~7 x 1072°2 71
N R F|E (73 cm™ 1) 73 ~4 x 19715 571 Z k_nr(IC) ~ 1-2x10® st (LI fHit)

| ISC # AE_ST = 0.93 eV #9 Marcus # 2% (>1.4 eV) LM #.




B Auto-Research Agent for Materials Discovery
V FBRAMERR - TBREE4ER
hRERFRE
W GmEFEESR

aniline_report/

— REPORT.md - TEMREKRE (AX)

— wb97xd/

— results_wb97xd_tzvp.json wB97X-D & S IR
— run.log TEARE
solvent/

— results.json PCM & 5l 3% Iz £ 42
— run.log

rates/

L— run.log EEITERE
aniline_photophysics_out/

L— results_corrected.json B3LYP/STO-3G i %

M ==mBHARESE

Bit B NES XBER

1. M && B3LYP/STO0-3G » wB97X-D + CAM-B3LYP/TZVP Si1=5.02 eV (iLb), S2=5.92 eV (iLa), A vs exp ~0.8 eV
2. Bl LR-PCM: Gas -» cyclohexane » MeCN » Hz20 P(M 2% ~0.07 eV; H BN MREKERNSE TR ERFTSER
3. X k_r, k_ISC, k_IC, k_ph t_r=1.3 ns, ISC # AE_ST=0.93 eV [HUr, IC F S I8 5

@m

KB S1-T1 BRN 0.93 eV, ISC s HZF L EMHEE, ~&&5HUEN TADF 57, EENEEF4Hk, A#E D-A 2 TADF
ZREY——XE F—L 0 FIRITHE BREM,




B Auto-Research Agent for Materials Discovery

Agent Loop :
® Functional Planner Executor EI;TE:':En Summarizer
« Computation Task Management - @9 g ‘ - @
* Organic Materials Screening ; t * T —— i
* Simple Computational Error Correction ﬁ ] (
. Only Skills Based :
O
® Qutlook
O Long-Term(next vision): O Short-Term(pre-release):
* Standard of HPC for Both Human user * Auto-Research for New Materials
and Agent user Discovery
* Git tools for Code Management for Both * Experience and Knowledge form Auto-
Human and Agent Research Loop

LLM-Wiki for Knowledge Data Set * Standard Workflow in Materials Discovery



