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Crystal defects in photocatalysts have long been regarded as recombination centers that
degrade catalytic activity. However, we found in this work that certain visible-light-responsive
photocatalysts exhibit intrinsic defect tolerance, whereby photogenerated carriers avoid deep
deactivation states and remain available for catalytic reactions even in the presence of
crystalline defects. To probe the underlying mechanism, we combined time-resolved transient
absorption spectroscopy (TAS) and density functional theory (DFT) calculations, revealing the
origins of defect tolerance from two complementary perspectives: control of electron trapping
and control of hole trapping. For electron trapping, comparison of Bi4aNbOsCl and BiOCl
revealed that interlayer hybridization of Bi-6p, orbitals between neighboring [Bi202]** slabs
forms a bonding-based conduction band minimum (CBM), preventing deep electron traps at
anion vacancies. For hole trapping, systematic study of tantalum-based oxynitrides established
a unified classification: Type A (deep polaron trapping in UV-responsive oxides), Type B
(shallow band-edge states in oxynitrides stabilized by high anion polarizability), and Type C
(shallow states in hybridized visible-light oxides sustained by d-p orbital mixing). These
findings demonstrate that, in visible-light-responsive photocatalysts, holes are inherently
resistant to deep trapping, thereby maintaining catalytic activity even in the presence of defects,
and reveal that performance is governed more by the design and durability of cocatalysts than
by defect control in the photocatalyst itself.
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(N2p-dominated VB)
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