
CASSCF vs NEVPT2: High correlation for 

oscillator strengths, triplets 

❑ Organic semiconductors offer a sustainable alternative to traditional, inorganic semiconductors 

across a range of applications and benefits:

Organic Semiconductors

2. Why is it important?

Malin Zollner,a and Tahereh Nematiaramia

❑ Excited states control key optoelectronic applications.

❑ In OLEDs, TADF and INVEST exploit reverse intersystem crossing (rISC) to harvest otherwise dark 

triplet states, overcoming fluorescence-only singlet emission limits.

A Multireference Excited State Database for Correlation-Aware Screening of Organic 

Semiconductors in Excitonic Energy-Materials Discovery

a Department of Pure and Applied Chemistry, University of Strathclyde

Develop a multireference excited-state benchmark dataset for organic semiconductors and screen for inverted singlet-triplet gaps (INVEST), thermally activated delayed fluorescence (TADF) and anti-Kasha 

candidates.

1. Research aim

❑ Anti-Kasha emission enables blue/UV emitters via higher excited states.

❑ To calculate excited states:
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❑ TD-DFT is not sufficient for important molecules, but useful for pre-screening.

❑ Multireference datasets are required.

❑ Theory level accuracy depends on structural families and properties.

❑ Dataset can be used for theory level guidelines.

❑ Dataset enables application-driven screening for desired properties.

This work was supported by the Physical Sciences Data Infrastructure (PSDI) 

initiative, funded by the Engineering and Physical Sciences Research Council 

(EPSRC) under the Digital Research Infrastructure programme (EP/X032701/1 and 

EP/X032663/1). 

Results were obtained using the ARCHIE-WeSt High-Performance Computer 

(www.archie-west.ac.uk) based at the University of Strathclyde.

4. Result comparison

6. Conclusion

5. Applications

TADF Anti-Kasha❑ Comparing TD-DFT, CASSCF and NEVPT2 to assess the reliability of lower-cost methods:

Scaffold-dependent

3. The Project

❑ Fragment-wise normalised mean deviation ∆Xj values reveal whether lower-cost methods are 

reliable for specific molecular families.

Excited States

Method-dependent

❑ Lower-cost theory levels do not fully reproduce the excited-state landscape.

❑ Some properties are captured at lower levels, but singlet states remain poorly described.
❑ 0 < S1 - T1 < 0.25 eV

❑ f1 > 0.05
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TD-DFT vs NEVPT2: High correlation for triplets

TD-DFT vs CASSCF: High correlation for T1 only

Variety of Applications1-4

❑OLEDs

❑Solar panels

❑(Bio)sensors

❑Lasers

Sustainable5-6

❑No rare metals

❑Mild fabrication 

conditions

Flexible7

❑Less brittle

❑Wearable

❑Useable on curved 

surfaces

Structural variations

❑Easy to fine tune

❑ TD-DFT is widely used for 

efficient, generally 

reliable excited-state 

calculations.

❑ However, TD-DFT breaks 

down for strongly 

correlated, near-

degenerate and INVEST 

systems relevant to 

emerging technologies.

❑ Multireference methods can 

treat these systems.

❑ CASSCF adds static 

correlation.

❑ NEVPT2 adds dynamic 

correlation.

Initial

Database

40,000 molecules from 

CSD and their TD-DFT 

computed energies by 

Omar et al.8

Select

Molecules

Small singlet-triplet gap

OR

double excitation 

character

Ground state 

optimisation

B3LYP / 6-31G* SA-CASSCF (8,8) & SC-

NEVPT2 (8,8) /

def2-TZVPP

S1, S2, T1, T2, f1, f2

for ~1,500 molecules

INVEST

TADF

Anti-Kasha

Excited state 
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❑ S1 - T1 < 0 eV

❑ f1 > 0.05

❑ S2 - S1 < 0.7 eV

❑ (S2 – S1) / (S1 – S0) < 0.5 eV

❑ f1 > 0.05

❑ The dataset was filtered for INVEST, TADF, and anti-Kasha candidates, then theory-level agreement 

was compared to evaluate lower-cost screening reliability.

❑ TD-DFT is insufficient for candidate screening.

❑ CASSCF identifies some TADF and anti-Kasha candidates.

❑ NEVPT2 is required for robust candidate identification.

❑ Lower-cost theory levels are sufficient for some smaller, more rigid heterocycles

TD-DFT vs NEVPT2 CASSCF vs NEVPT2
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❑ Utilise dataset for machine learning (transfer learning, classification, generative AI, …).

❑ Validate identified candidates.

❑ Expand dataset further.

7. Future Work
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Dataset available 

here
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