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= Vanadium substitution in Lindqvist POMs introduces new low-energy absorption bands;
= TD-DFT with PBEO geometries provides reliable UV-Vis spectra simulations;

= QTP functionals show better correlations with experimental excitation energies;
]

QTPs outperform other functionals for absorption intensities, correctly reproducing experiments.

Although absorbing only ~5% of incident sunlight, polyoxometalates (POMs) are key materials in electro- and
photocatalysis, such as CO: reduction and pollutant degradation [1,2]. Thus, the search for more efficient POMs
motivates addenda metal substitution (notably with vanadium) [3]. Therefore, the understanding of their
electronic spectra is crucial. Time-dependent Density Functional Theory (TD-DFT) is widely used, but it is
unable to accurately describe charge-transfer and Rydberg states with traditional DFT functionals, although
range-separated hybrids seem to provide promising alternatives [4,5]. In this work, equilibrium structures and
ultraviolet/visible (UV-Vis) spectra of pure (NbeO1g®, MosO192, and WeO19?) and substituted (VMos01g73,
VWs0193, and VWs019#) Lindqvist POMs were studied with Orca 5.0.4 [6] (def2-TZVPD basis sets and CPCM
solvation with acetonitrile are considered). Mean Absolute Deviations (MADs) relative to experimental structures
[7-9] were 0.017, 0.022, and 0.012 A with B3LYP, PBE, and PBEO, respectively, recommending to the use of
PBEOQ for geometrical investigations. Tests carried out with 50-200 states showed that high-energy transitions
require, at least, 200 states to proper comparison with experiments. Vanadium substitution introduces new
lower-energy bands, which is consistent with experimental data [3]. All functionals systematically overestimate
excitation energies and PBEO and CAM-B3LYP give the lowest MADs. However, linear regressions against
experimental data [3,11-14] are more appropriate to investigate substitution effects. Hence, Quantum Theory
Project (QTP) functionals (CAM-QTP-00, CAM-QTP-01, CAM-QTP-02, and LC-QTP), which are based on
Correlated Orbital Theory arguments, yield the strongest correlations for excitation energies (r2 = 0.76-0.79) and
slopes closer to unity (= 1.08 with LC-QTP). For absorption intensities, correlations are generally lower (r* <
0.60), but QTP functionals outperform the others (r* = 0.45-0.57) and correctly reproduce the relative order of
bands. Furthermore, after excluding less reliable intensity data, r? values for QTPs improve to 0.85-0.94.
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