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» Full Differentiable TDDFT Code for Neural Network XC Functional
= DL-TDDFT — A Test for Accelerating TDDFT

» Quantum Chemistry with OpenClaw, Hermes — Automatic Materials Calculation

Skills and Agents Team for Researching

Molecule = Na>
Ap(r) = |pccsp(r) — pe, prr(r)|

Epoch =1 Ap(r) = 6E-2

Mean Ap(r) = 1.926E-04
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NCLAW: Automated Quantum Chemistry

Automated TADF Materials Screening Platform

TADF SCREENING WORKFLOW

QUANTUM CHEMISTRY OUTPUT
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1. Electronic Structure
HOMO / LUMO / gap

2. Excited-State Screening
emission, oscillator strength

—LUMO 4,
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AUTOMATED
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3. Final Properties
Delta Egr, krapy
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@ Green: 500-570 nm
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OpenClaw orchestrates the full TADF screening pipeline—design, computation, and decision-making
to deliver high-confidence emitters with precision and speed.

2

Powered by OpenClaw

Generate
Candidates

SMILES




= Background — SIE and TDDFT

J. Chem. Theory Comput. 2019, 15, 8, 4305-4311 WIREs Comput Mol Sci. 2023;13(2):e1631
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= Background — SIE and TDDFT

Vet (X, {R}) & p(x) & {y;(x)}
[—% V2 + Vo (%, {R}) + vy(x) + vxc(x)] wi(x) = ;y(x)

Runge-Gross Theorem

Vet (%, AR}, 1) + CO) & p(x,1) & {wi(x, D)™V}

_>

1 .0
[—E Vz + Vext<x, {R}, t) + VH(x’ t) + ch(xa t)] Wi(x’ t) = lgllji(x’ t)

I Linear-Response — Adiabatic Approximation
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FO = [dry*(x,1) —3 V2 + v (2, AR} E) + vy (X, 1) + v (%, 1) py (x, 1)

ia

The Time-Dependent of XC Functional Vanished !

Casida-TDDFT
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= Background — SIE and TDDFT

Casida-TDDFT
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» TD-GradDFT — GradDFT for Ground State

H2 Dissociation Curve - Functional Errors vs FCI (r = 0.15 A)
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Total XC Energy

EY |p(r)] = Jdreﬁc[mr)]

XC Energy on grid ¢% [p(r)]

XC Potential on Grid
oe%[p(r)
ViLp(r)] = o)
a/O(f) |
0%ex.|p(r)
Y 1p(n] =
dp*(r)
Calculated by jax

jax.grad()/jax.hessian()
ed [p(n)] —

Vel P(D)] e £0 [ 5]

TD-GradDFT — Response Kernel with Automatic Differentiation

" “python
def point_energy(variables: Array) Array:
rho_point = jnp.maximum(variables[@],
density_floor_value)
if kind_norm ""LDA":
grad_point = jnp.zeros((3,),
dtype=variables.dtype)
tau_point = jnp.asarray(0.0,
dtype=variables.dtype)
elif kind_norm "GGA":
grad_point = variables[1:4]
tau_point = jnp.asarray(0.0,
dtype=variables.dtype)
elif kind_norm "MGGA" :
grad_point = variables[1:4]
tau_point = jnp.maximum(variables[4], 0.0)

return eval_xc_energy_density(spec_norm, features)

return jax.jit(jax.vmap(jax.hessian(point_energy)))



s TD-GradDFT — Response Kernal with Automatic Differentiation

e LDA
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TD-GradDFT — Response Kernel with Automatic Differentiation

 HF Exchange Kernel

EJ = Jdrchf [p(N)]ex/d(r)]
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s TD-GradDFT — Response Kernal with Automatic Differentiation

The Excited States of Benzene Molecule with PBE0/STO-3G in PySCF and TD-GradDFT

state Enery/ev(pyscf) Enery/ev(ours) Error/ev OSC(pyscf) OSC(ours) Error
1 6.56 6.56 3.21E-04 4.55E-11 6.83E-11 2.29E-11
2 7.97 7.98 8.22E-04 6.97E-10 4.32E-09 3.62E-09
3 9.08 9.08 2.42E-04 6.64E-01 6.64E-01 8.88E-05
4 9.08 9.08 5.34E-04 6.64E-01 6.64E-01 1.50E-04
5 9.19 9.19 2.29E-04 2.55E-24 2.59E-05 2.59E-05
6 9.30 9.30 1.08E-04 1.09E-20 2.31E-07 2.31E-07




= TD-GradDFT - Training Modes in Neural Network XC Functional

Fixed-Density Mode
D 0 — D ref

L=L®.D)p

VoL =0,L(6,D )]

Explicit SCF Differential Mode

p=p,,with dyD = 0

L = L(6,Dy) with D, = T%..(D,)

VoL = 0yL(6, Dy) + dp, L(6, D) - 0D,

with 9,0, = ) [K1 0,T% . (D%)]9,T

s=t+1 SCF
K-1

Implicit SCF Differential Mode
L = L(6,Dy) with D, = TX..(D,)

0
SCF
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Phys. Rev. Lett. 126, 036401



s TD-GradDFT - Training Test on QM9 with Ground State

Dense H2 Dissociation Inference from Trained Neural_xc Checkpoints
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s TD-GradDFT - Training Test on H, Dissociation Curve

Error

H2 S1-only TDA training vs FCI | b3lyp/sto-3g
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= TD-GradDFT - Improvement for Electrons Double Exciting with MP2 Hybrid

H2 S1-only TDA training vs FCI | b3lyp/sto-3g H2 equilibrium stick spectrum at R = 0.75 A
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TD-GradDFT — Failure of Full Absorption Spectrum Calculation

e TDDFT is not a rigorous theorem for excited state wave function

l//e(chS ¢ + Z xaz¢l

FCI _ k4
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e No Ground Truth has a good performance both on ground state and excited state for complex electron configuration
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" TD-GradDFT _ FllllCthllal and OllthOk Fractional Occupation Curves: nn-RSH vs B3LYP

== step 0: a=0.23, B=0.22
=—@= step 25: =0.41, =0.17
== step 50: «=0.53, B=0.14
=¢= : B3LYP: HF=0.20

=== PL line (final endpoing)
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Benchmarking three differentiable mode

More efficient code !
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&
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e KFunctional
 Differential restricted SCF code with three modes and differential LR-TDDFT code

 HF and PT2 local energy density hybrid
* Traditional RSH XC Functional optimization only depending on Janak Theorem (Under Testing)

* Fractional charge evaluation and differential unrestricted SCF code (Under Testing)



= DL-TDDFT — Accelerating TDDFT with CIS-like Graph Neural Network
Davidson Method Based Graph Neural Network Based

* Subspace

VvV, = [vl, Uy vy vm] W, = AV,

n=1C,[le) GATV2

e Residuals

* Node
Hm = VZ;AVm = Vrz;Wm Oi = focc(ni) Va - fvir(na)

H,y = 0y X = Vi + Edge

= e = Forltla) M = Urap Dy dy
I’k —_ Axk - ekxk al fUll’ ai
« Expansion * Interaction and Transition

_ ! VY
Zai = int([oz‘ ® Uy 0; — Up eai])

f, ~ (diag(A) — 0,1)'r,

Vims1) = 0rth< [V, 11515, ])

e Pair-Pair Decoder
D, pi = [z, ® Zpj» Zai — Zbj> ¢ai,bj])



= DL-TDDFT — A Test for Accelerating TDDFT

Broadened intensity
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= DL-TDDFT — A Test for Accelerating TDDFT

Broadened intensity

Uracil in Excitation Subspace(32 % 32)
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= Background — Inspiration From Claude Code

Water Molecule: Setup and Calculations Comparison of Different Functionals

Computational Setup:
@ Molecule: H,O (water molecule)
@ Method: TDDFT with various functionals Key Observations:
o Basis Set: 6-31G(d) and 6-31+G(d,p) e PBE underestimates excitation Functional Peak (V) Intensity
e Functionals Tested: energies PBE 1.2 0.85
o PBE (GGA functional) o B3LYP provides better agreement ~ So-LF 7.8 0.92
e B3LYP (Hybrid functional) with experiment CAM-B3LYP 8.1 0.88
o CAM-B3LYP (Long-range corrected hybrid) Exp. 7.9 -

o CAM-B3LYP improves for

charge-transfer states Table 1: Comparison of excitation energies

Vibe Coding Approach: | o
) ) o Basis set effects are significant
@ Used natural language to describe requirements
@ Al assistant generated Python code for TDDFT calculations
@ Automated spectrum plotting and analysis

@ Interactive refinement of visualization

Yuan DFT Theory Feb.15, 2026 41/55 Yuan DFT Theory Feb.15, 2026 43/55



= Background — High Throughout Materials Design

github.com/silico-quantum/tadf-screening

TRADITIONAL TADF SCREENING VS. OPENCLAW-POWERED AGENTIC WORKFLOW

TRADITIONAL MANUAL WORKFLOW €andidote Library OPENCLAW-POWERED AGENTIC WORKFLOW
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{ v
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ﬁ Scalability

4 Faster
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OpenClaw orchestrates the full TADF screening pipeline—automating design, computation, and decision-making [~ g
to deliver high-confidence emitters with precision and speed.
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https://github.com/silico-quantum/tadf-screening
https://github.com/silico-quantum/tadf-screening

= Openclaw and Hermes — Basic Architecture

. # Hermes A - AI Computational Chemistry Partner
# Silico @ - AI Research Partner

## Architecture
## Architecture
| Layer | Components |
Jemmmmes |emmmemmmmmes |
xxIdentity** | Hermes Agent - USER PROFILE - MEMORY |
x*Memory** | persistent memory -+ session history - reusable skills |
xxIdentityxx | x*xTasks** | todo : cron jobs - delegated subagents |

xxMemoryxx | **Skills*x | PySCF - xTB - Browser * Feishu - GitHub - visualization |

Layer | Components |

xxWorkflowxx* | . - task plans | .
## Runtime
**Skills** | OpenClaw tools - chemistry workflows - automation modules |
*xHostx*: Local Hermes environment + Feishu DM
## Runtime *xLocal Computexx: PySCF, Python, matplotlib, file/workspace automation
xxExternal Access**: web search, browser automation, messaging tools

X **Modelxx: OpenAI GPT-5.4 (current session)
xxInterface*x: Feishu DM

*xExecutionx*: Local macOS environment + optional remote HPC
*xModels**: Configurable LLM backend

*xAutomation**: Scheduled research and workflow jobs Computational chemistry workflows (PySCF, xTB, spectra, PES, MD analysis)
Scientific scripting, plotting, and reproducible project pipelines
Web lookup, browser verification, and literature cross-checking

## Key Capabilities

## Key Capabilities Sub-agent orchestration, file management, and result delivery

Quantum chemistry workflows (DFT, TDDFT, xTB screening) ## Working Style

Feishu docs / drive / wiki / messaging automation

. . Direct execution first, then concise reporting
Web research, code execution, and repo maintenance

Prefer reproducible scripts over manual operations
Long-running task orchestration and progress tracking Scientific correctness over cosmetic imitation
Fast +iteration with explicit documentation of approximations

## Self-Evolution (OpenSpace)
## Self-Evolution

Every task teaches - Every failure L plnsiil Every task teaches -+ Every correction sharpens the workflow

https://github.com/HKUDS/OpenSpace



https://github.com/HKUDS/OpenSpace
https://github.com/HKUDS/OpenSpace

= Openclaw — A Standard Skills Group For Quantum Chemistry Calculation

& Core Skills pysct/
— SKILL.md

I— VERSION_UPDATE.md
— references/

— theory/
| — pyscf-advanced.md

1. ® Structure & Sampling

» Molecular Sampler: Extract and sample molecular structures from cluster/ONIOM files. Union-Find molecule
identification + distance-sorted neighbor sampling.

« RDKit Chemistry: 3D conformer generation (ETKDG), molecular descriptors (LogP, TPSA), and Gasteiger charge | — pyscf-api-reference.md

L— practice/
|— 2d-potential-energy-surface.md

e xTB Cluster MD: Semi-empirical MD (GFN-FF/GFN2-xTB) for organic molecular clusters with automated
trajectory animation.

I— emission-spectrum-guide.md
2. / Electronic Structure Computing

|
|
|
analysis. | | L— pyscf-jax-integration.md
|
|
|
|

L— emissi on-spectrum-workflow.md

» PySCF: Python-based quantum chemistry. Supports Ground state (HF, KS-DFT), Excited states (LR-TDDFT, ||—_ SCL” ::/calcul —esiarr
TDA), and Post-HF methods. L— tools / ; e
« MOMAP: helper for molecular photophysics and charge transport. Predict radiative/non-radiative (IC/ISC) rate .
constants and quantum yields. I|: 3"31:’51 Y
cascf.py

3. W Analysis & Visualization — ccsd.py
I— dft.py

« Multiwfn: Advanced wave function analysis. Population analysis (Hirshfeld, ADCH, CM5), bond orders, and |— geometry.
spectroscopy (UV-Vis, IR, Raman). |— mp2.py

» xyzrender: Command-line driven, publication-quality molecular graphics. Supports transparent backgrounds, |__ pes.py
bond orders, and orbital rendering. I— scf.py

» Orbital Analysis: Streamlined workflow for MO composition, energy level diagrams, and isosurface generation. |_ spectrum.
L— tddft.py




= Openclaw and Hermes — A Standard Skills Group For Quantum Chemistry Calculation

Basic Ground State Calculation

Molecular Dynamic Simulation

Aggregation Dynamics
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= Openclaw and Hermes

Average nearest-neighbor COM distance (A)

Basic Ground State Calculation

T

Molecular Dynamic Simulation
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— A Standard Skills Group For Quantum Chemistry Calculation

Molecular Dynamic Simulation Visualization
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= Openclaw and Hermes — Skill For TADF Materials Design

Stage 0: Initialization
L screening_workflow_initializer.py
L confirm: topology, sample count (default 10k), +interaction mode

Stage 1: Candidate Generation
(D-A, D-A-D, A-D-A, D-pi-A...)

L SMILES - .Xyz structure generation (export to manifest.csv)

F— build_da_topology_library.py

Stage 2: xTB Pre-screening
F— Input: manifest.csv (idx, name, xyz_path)
- run_xtb_batch_manifest.py - xtb_progress.csv
Required columns: idx, name, xyz_path, status, detail,
total_energy_eh, homo_lumo_gap_ev, normal_termination
A If xTB ok=0 -» STOP and diagnose

Stage 2B: TDDFT-xTB Wavelength Filter (optional)
(- run_tddft_xtb_filter.py
Filter: emission in target range, f = threshold

Stage 3: TDDFT Validation (remote)
|- se optimization
F— Excited-state optimization (S1 for TADF/Fluorescence; T1

- vertical emission
L Gate: AE_ST < 0.10 eV, f = 0.05, k_TADF > 10* s-'

Stage 4: Elite Candidates - downstream analysis

for Phosphorescence)

{

"project": {

"name" :
"compute_tier":
"interaction_mode":
"question_mode":
"max_question_rounds":

}!

"'system_hardware_profile":
"hardware": {

"platform":
e -
"cpu_cores_logical":
"gpu": { "available": , "count":
},
"hpe_slurm": {
"remote_hpc_hint":
"slurm_detected":
"sbatch_in_path":
"squeue_in_path":
"slurm_env_present":
}

}!

"photophysical_targets": {
"emission_range_nm": [ -
"emission_type": -
"spectrum_width_requirement":
"default_fwhm_ev":

1,

"fragment_database": {
"builtin_sources": [
"augment_with_custom_db":
"custom_db_paths": []

}!

"assembly_topology_rules": {
"topology_preferences": [

’

"names":

(]

}




= Openclaw and Hermes — An Example For Bule Light OLED/TADF Materials

Blue TADF Candidates (450-490 nm, f > 0.05)

fskill tadf-screening ! 450-490 nm |
1.0 | 5
S
B8] tadf-screening ILf{Eifi. g
FIAOFRMG TN, BAMERRETR: g 0.81
Bfn R AR, TADF /[ fluorescence [ phosphorescence n
BinAS5SCHE, fla 450-490 nm J 0.6
REBREH, URIMESH BN g
#h#h, D-A | D-A-D | A-D-A | D-pi-A [ D_n-A [B& o
MRS, BRIA 10000 = 047
IFEEIRFRW profile, tE#l marcus; YRER xtb4stda/stda , BRERUEHETR §
KIETE, RAS 5 HHIRE, §10 SR = 02
NRFBEE, HIELE—9):
“FH RS TADF, 450-490 nm, D-A-D, 10000, marcus, fFRERMETE, R\ 0.0 . > . | . | .
BT . 350 375 400 425 450 475 500 525 550
Wavelength (nm)
FHIEN TADF, 450-490 nm, D-A-D, 10000, marcus, AFRERMETR, WAk, = — EEEETC’\;N — ‘éﬁiiﬁi& — gg;ggz nggg
marcus@y# N7 R Zssh ->marcus2@ssh marcus, {EAslurmBTIZRIAAITE —— CBZ-DCBN14 = CBZ-DCBN13 CBZ-AQ-F2 CBZ-AQ-F2
m—— CBZ-BN-F3 m— CBZ-AQ-F CBZ-AQ-F2 CBZ-CN-PHEN-F2

¥, BELEXTSRIEANDRYFT:

profile: yuanjiao_marcus

#&12: ssh marcus2 -> ssh marcus -> Slurm
B BigAE 5 oHKRE, 810 280K
A EBEER: skills/tadf-

screening/workflow_config_blue_10k_20260422.json
thEEDEXR batch

MERZE—EME7 EEXE TR
Stage 2 ) empirical Stokes shift FiZ /> ev?
RIS fixed 0.5 eV, XFEMNIIAETMERE—, thHRR.
fREEEIFR—5) “H 0.5 eV”, BIMMBEHAT—F,
#h—1a), YRARERERFNE PySCF, BiXAFNE, Stage 3 NERIRAERIE marcus LR
Gaussian + Slurm,




= Openclaw and Hermes — Powerful LLM for Skills and Test, Powerless LLM for Task !

aker and Tester:
GPT-5.3-codex
Gemini-3-Flash

aSK Executioner:
GLM-5
GLM-5-Turbo
Maybe Local Host !

e = =

/,

=

Token Free !
More Suitable Harness !
Silas: Naive !

From Logs to Loops: The Creation Cycle The Execution Funnel

Task Recognition
Analyzes intent (e.g., "Sample molecules")

d

The Filter

1. Execution 4. Extraction

Initiate a real computational
task (e.g., 2D PES scan).

\ 2. Friction
Encounter a computational
barrier (e.g., unknown grid range).

Distill temporary workarounds
into systemic experience.

5. Documentation /
Generate standard Markdown | |
references (practice/). | /

N\

Documentation Reading

Silico natively reads SKILL.md to understand API
endpoints and parameters before acting.

Execution Routing

/, \ Path A Path B Path C
\ | Built-in Tools External Scripts API Calls
a . N g . # Feishu document operations # Python script import requests
3. Solution —— 6. lntegratlon feishu_doc(action="read", doc_token="...") python3 ~/.openclaw/skills/molecular-sampler/
: : Inject directly into the OpenClaw sanpler.py input.xyz response = requests.get(
Test parameter iterations to - . o
b pags the barrier. directory structure for future # File operations "https://www.noltbook.com/api/v1/home",
V! 3 autonomous use. read(path="/Users/molbot/file.txt") # Node.js script headers={"x-api-key": api_key}
write(path="/Users/molbot/file.txt", content="...") node ~/clawd/skills/moltbook/auto-explore.js )

S

data = response.json()

A NotebookLM
x A NotebookLM



= Openclaw and Hermes — Cron, Heartbeat, Memory, Dreaming and Self-evolution

* Openclaw-planer and supervisor * Hermes-executor and worker

Cron

> Long-term tasks

> Accurate time point

> Isolated mode(work in sandbox)
Heartbeat

> Short-term tasks

> Ambiguous time point
> Only work in main process

Self-evolution

Real execution
— feedback from success and failure
— distillation of reusable lessons

— memory for facts, skills for methods, workflows for

Memory reproduction
Human — correction and compression of weak or stale
— daily Memory

structure
— long-term memory

— semantic retrieval — answer — better future execution

Dreaming A2A 1| ACP

past memory files

— semantic recall happens
— recalled chunks are logged //
— frequently used / high-signal chunks get tra
— future recall can become more targeted

Under Exploring...

-
L n N N N N | [ B N N N N N N §B N N N N § 8 N N § § N & N N N N § N N § § N §N _§N |}
/



= Openclaw and Hermes — Cron, Heartbeat, Memory, Dreaming and Self-evolution

Dreaming

past memory files

— semantic recall happens

— recalled chunks are logged

— frequently used / high-signal chunks get tracked
— future recall can become more targeted

April 24, 2026 at 3:00 AM GMT+8




Openclaw and Hermes — Openclaw Communicates with Hermes and Agent Teams

XRIBA Silico BYiTieid2 Round 2 — FR4E4NE(5)
Round 1 — F[a)&%/a) KiBia) 7T — P E xR
Fia) Silico: LB CAS(8e,60) 3 water low excited states F[EFB G372
how to use PySCF to calculate electronic states of water with CASSCF 2% CAS(8e,80) + diffuse/Rydberg orbitals E&X%?
including: Round 2 — Silico MZ GBI
reference geometry Silico BIEIZIESF B8
RHF/ROHF starting point CAS(8e,60) 3 H20 EMATERRTN, FETBRE,
basis choice BLEHNBIARSE:
active space SA-CASSCF + CAS(8e,80) (m¥EX) + aug-cc-pVDZJaug-cc-pVTZ
state-specific vs state-averaged EALYNEEZERERE:
excited-state targeting in PySCF BIETE
pitfalls CAS(8e,80) TR KX
minimal example fic aug-cc-pVDZ [ aug-cc-pVTZ
Round 1 — Silico BBLEIE BENELIBHE + X8 diffuse/Rydberg virtuals
Silico HILIER b beiaslid
N3 CAS(8e,60)
p BRES:
TR A8k FEIAT EASS
ﬂﬂﬁ ﬂ(ﬁ/demo
. BB orbi AT RES
H-O-H = 104.5° Tw ) .
&8 diffuse orbital B4f valence-only /\Z[8)
L T T T
PR H20: RHF

ROHF REFER/BF/I=ESZSHATARE KEOEBERSTAEAMENE, MEFHEHE Rydberg %
e 37| B FTLA R {8 valence CAS RE 5 :

¢ . 65318 W . SHEF

emo: : g CC. pv /|Z R MRS
B ™A excited-state: Z/ aug-cc-pVDZ SA RIS
BiF: aug-cc-pVTZ




= Openclaw and Hermes — Openclaw Communicates with Hermes and Agent Teams

Subagent Agent Teams

Main Agent (Team Lead)

Spawn Team &
Assign Tasks

Spawn Subagent Spawn Subagent Spawn Subagent

v v v
! |

Communicate Communicate Communicate
& Claim Tasks & Claim Tasks & Claim Tasks

v v

Teammate Communicate Teammate Communicate Teammate

Work Work

|

Work Work

https://code.claude.com/docs/en/agent-teams

e penggroup.SKILL with Agent Teams!
e Lammps Al !'—More Suitable Harness, Better Agent!
e SKkills for machine learning based materials design workflow!

e DeepSeekV4 vs GPT-5.5


https://code.claude.com/docs/en/agent-teams

