WEEKLY LITERATURE BRIEF

Validation Criteria for Molecular Inverse
Design under Sparse Excited-State
Constraints

OLED inverse design - 11-17 September 2026

Assessment. This week contains no direct TADF-emitter, PhOLED-host, host—dopant/exciplex, or
OLED-device study. The strongest signal is methodological: generative hit rates under rare
excited-state criteria must be separated from electronic-structure fidelity, host effects, reaction-aware
synthesis, and out-of-distribution validation.

Read first: Lv et al. screen about 100 million generated molecules and validate a random 1% by TDDFT, reporting a 90.8%
hit rate under their singlet-fission energetic filters. That percentage is not experimental synthesis success or OLED
performance.

Prepared for a DFT/ML materials-science workflow. All eight selected items are preprints. Numerical values are source-reported unless explicitly
marked as reviewer inference.
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Ranked shortlist

1. Sparse singlet-fission chemical space — ~100 million generated structures; random 1% TDDFT check; 90.8% energetic-filter
hit rate.

2. First-principles triplet-spin coherence — Zero-field decoherence: ~6 guest nuclei; high-field: ~600 host nuclei.
3. DMRG excitation energies improved by ML — Up to 34 active melectrons; ~1.6 mHa at D=200-500 for several OOD tests.

4. QALPA property-guided diffusion — 6,253-conformer alloQM dataset; 169 additional molecules along a six-step property
trajectory.

5. Autonomous multireference QC agent — QUESTDB 558 transitions; decision ladder 44.1% coverage and 0.339 eV MAE.
6. Fraglingo attachment-aware retrieval — Seven-property Joint@1x 69.65%; inference libraries up to 4x larger.

7. Nonempirical TDDFT response correction — Restores the nonlocal-Hamiltonian f-sum rule; experimental Al/Si/C spectral
checks.

8. Leakage-aware VQE criterion — Chemically accurate projected energies coexist with mean leakage 0.398-0.426.

Evidence boundaries

Execution boundary OLED relevance

Singlet fission Generator + predictor + sampled TDDFT Closest rare multi-state inverse-design analogue

Triplet coherence
DMRG+ML
QALPA / Fraglingo
TDDFT correction

VQE leakage

Classical first-principles/CCE

Classical tensor-network + regression
Generative benchmarks + fast labels
Classical response + experimental spectra

Noiseless statevectors; no QPU

Host environment and spin bath
High-level excitation check
Search and attachment control
Response-consistency diagnostic

Reporting criterion, not quantum advantage
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Direct and near-direct photophysics

1 - Navigating Sparse Singlet Fission Chemical Space

Lv, Fu, Zhou, Zhao & Zhao - arXiv:2609.15136 - 14 Sep 2026. A generator, property predictor, and multi-criteria validator
are coupled iteratively. The source reports about 100 million generated structures, a random 1% TDDFT validation subset, a
90.8% hit rate for its singlet-fission energetic criteria, and 283,559 candidates after favorable excited-state energetics and
synthetic-accessibility screening. The fragment CN([O])N(C)[O] is associated with target satisfaction.

Limitation. The reported hit rate is not synthesis, packing, fission kinetics, device efficiency, or TADF. Sampling 1% does
not remove TDDFT systematic error or scaffold bias. Workflow translation. Replace a single AE_ST target with joint
S1/T1/Tn ordering, CT/LE character, oscillator strength, and SOC/spin-vibronic proxies; retain higher-level electronic
structure, reaction routes, and host calculations as independent gates.

2 - Molecular photoexcited-triplet spin coherence

Pmunicm & Bayliss - arXiv:2609.16851 - 15 Sep 2026. Generalized cluster-correlation expansion models pentacene in
para-terphenyl. At zero field, roughly six guest nuclei dominate decoherence. At high field, convergence requires about 600
hydrogens across ~45 host molecules. Host-only T2=8.9 us closely follows the full system; guest-only T2=65 pus. Larger
longitudinal zero-field-splitting D prolongs T2 in the calculations.

Limitation. This is a spin-coherence benchmark crystal, not OLED RISC or operational lifetime. Translation. Store host
nuclear composition, packing ensemble, and hyperfine/SOC provenance beside molecular descriptors.

3 - ML-refined DMRG excitation energies

Golub & Veis - arXiv:2609.12616 - 11 Sep 2026. Truncation error and entanglement-graph descriptors correct
low-bond-dimension DMRG S1-S0 gaps. Tests reach 34 melectrons. Octacene is within 1 mHa except at D<200; three
other systems approach ~1.6 mHa at D=200-500 after errors up to 6 mHa at small D. Bis(phenalenyl) exposes an
entanglement-distribution shift. Comparable uncorrected accuracy needs D=3,000-8,000.

Translation. Use as an escalation layer for CT/LE mixing or biradical candidates; flag entanglement OOD. Oscillator
strengths, triplets, SOC, and relaxed geometries remain untested.
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Generative and workflow methods

4 - QALPA property-guided diffusion

Hanna et al. - arXiv:2609.16527 - 15 Sep 2026. E(3)-equivariant diffusion, active learning, and EquiDTB/DFTB3+MBD
navigate many-body-dispersion and HOMO-LUMO-gap space. alloQM contains 6,253 conformers from 241 molecules;
combined training contains 47,790 conformers. A six-step trajectory yields 169 additional molecules. Elements are limited to
H, C, N, O, P, S, and CI; maximum size is 78 atoms.

Translation. Replace navigation coordinates with S1/T1, CT/LE character, and conformational variance. Relabel every
round under one TDDFT/TDA protocol; fast labels do not certify excited states.

5 . Autonomous multireference calculations

Lee & Rondinelli - arXiv:2609.13357 - 11 Sep 2026. On 558 QUESTDB vertical transitions, an unguided agent reaches
24.9% coverage and 0.373 eV MAE. A decision ladder raises coverage to 44.1% and lowers MAE to 0.339 eV. With
complete published workflow context, 378/558 transitions are scored (67.7% coverage) at 23 meV MAE; 42% of target
calculations finish on the first attempt and 75% within seven.

Boundary. The 23 meV result is a context-rich replication setting, not autonomous method discovery. Version active-space
heuristics, recovery rules, and state identity matching; report execution success separately from accuracy.

6 - Fraglingo attachment-aware retrieval

Nguyen et al. - arXiv:2609.13519 - 11 Sep 2026. Continuous latent retrieval jointly predicts fragment and attachment site.
The BFE variant reports 100.0% validity, Joint@1x 69.65%, Joint@2x 97.75%, and 6.56/7 mean property satisfaction. It can
search libraries up to four times larger without retraining. Replacing the contrastive objective with MSE drops Joint@1x to
26.85%.

Boundary. Targets are logP, MW, QED, TPSA, HBD, HBA, and rotatable bonds—not excited states or synthesis. Use
reaction-compatible building blocks and track torsional strain plus excited-state uncertainty at each attachment.

7 - Nonlocal-XC response consistency in TDDFT

Moldabekov et al. - arXiv:2609.18584 - 16 Sep 2026. Standard linear-response TDDFT can violate the response implied
by a nonlocal KS Hamiltonian. r2SCAN/HSEOQ6 overestimate an ambient-Al plasmon shift by >1.5 eV. A nonempirical
additive kernel correction restores the exact f-sum rule and is compared with XRTS/EELS for Al, Si, C, and warm dense Al.
The source reports a GPAW implementation without additional asymptotic cost.

Translation. This is periodic collective response, not a molecular exciton. Preserve functional, kernel, pseudopotential,
response-consistency, and sum-rule provenance in a TDDFT label factory.
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Quantum-method feasibility and weekly experiment

8 - VQE leakage: energy is not a state-validity certificate

Chen - arXiv:2609.13521 - 11 Sep 2026. Noiseless eight-qubit STO-3G/Jordan—Wigner tests cover H4, H6, BeH2, and LiH.
Projected-energy optimization is chemically accurate in 200/200 runs for BeH2 and LiH while mean leakage is 0.398 and
0.426. A 30-parameter hardware-efficient H4 ansatz reaches mean leakage 0.9574 as projected energy falls. UCC-style
families remove ansatz-induced particle-number leakage but do not guarantee the ground state.

Adaptive hybrid selection lowers mean projected error at selected budgets: H4 chain at m=16 improves from 9.49x10"-4 to
1.45%x10"-4 Ha. These are finite-shot-free statevectors—no QPU, routing, sampling, error mitigation, or matched wall-time
baseline. Report raw/projected energies, particle-number and spin leakage, parameters, two-qubit depth, shots, and
classical cost together.

Practical experiment

Generate 1,000-5,000 candidates from 12—24 donor—acceptor scaffolds using reaction-compatible fragment attachments.
Define the inexpensive gate as a joint window over S1, T1, AE_ST, oscillator strength, and CT/LE score. Recompute the top
1% under one conformer ensemble and TDDFT/TDA protocol; escalate only 10-20 uncertain or state-order-changing cases
to low-D DMRG+ML or multireference calculations.

Split validation by scaffold and attachment motif. For two or three host pairs, add dimer-separation and torsion scans plus
hyperfine/SOC proxies. Preserve gate survival rate, OOD score, failed calculations, and plausible synthesis routes. This
keeps a generative hit rate from being misread as an OLED validation rate.

Coverage gaps

No credible new paper directly addressed TADF/PhOLED synthesis or devices; host-dopant/exciplex validation; OLED
degradation or operational lifetime; SELFIES-specific constraints; CRBM/Boltzmann molecular sampling; D-Wave/annealing
or QAOA with matched classical budgets; or actual-QPU VQE at an OLED-relevant active-space scale.
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Source ledger

1. Lv et al. - Navigating Sparse Singlet Fission Chemical Space: An Intelligent Generative-Predictive Paradigm

14 Sep 2026 - preprint - TDDFT validation

2. Pmunicm & Bayliss - Understanding the spin coherence of molecular photoexcited triplet states from first principles
15 Sep 2026 - preprint - classical CCE

3. Golub & Veis - Fast and Accurate Excitation Energies from DMRG Calculations Improved by Machine Learning
11 Sep 2026 - preprint - classical DMRG+ML

4. Hanna et al. - QALPA: Property-guided diffusion modeling for flexible molecules

15 Sep 2026 - preprint - diffusion + DFTB3/MBD

5. Lee & Rondinelli - Can Autonomous LLM Agents Execute Multireference Quantum Chemistry Calculations?

11 Sep 2026 - preprint - ORCA benchmark

6. Nguyen et al. - Fraglingo: Attachment-Aware Autoregressive Fragment Generation

11 Sep 2026 - preprint - generative benchmark

7. Moldabekov et al. - Nonempirical TDDFT Framework for Nonlocal Exchange—Correlation Potentials

16 Sep 2026 - preprint - TDDFT/experiment comparison

8. Chen - Energy Is Not Enough: Leakage-Aware Ansatz Criterion for VQE

11 Sep 2026 - preprint - noiseless statevectors

Editorial note. Evidence cutoff: 17 September 2026. All numerical claims and execution boundaries
follow the cited sources. OLED translations and the practical experiment are reviewer inferences. No
selected quantum paper reports actual QPU execution.
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