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Abstract:

Photocatalysis is a vital field for sustainable development, but many
published reports produce unreliable results because they often fail to
thoroughly consider all competing processes. Correctly assessing a
semiconductor's  activity = requires separating the effects of
photodiscoloration  (adsorption/photolysis), dye self-sensitization,
photodegradation, and mineralization. The common practice of using dyes
as model pollutants is problematic, especially under visible light, because
dyes can sensitize wide-bandgap photocatalysts, undergo photobleaching,
or form leuco-dyes, making simple photodiscoloration an unreliable
measure. While colorless compounds offer better analysis, they require
costly techniques like chromatography instead of standard
spectrophotometry.



This investigation proposes and validates a multi-step methodology for
more accurate photocatalytic interpretation using dyes and visible light.
We used the Bi,O3 semiconductor, which has a band gap below 2.7 eV,
along with three model dyes: Rhodamine-B (RhB), Acid Blue 113 (AB),
and Indigo Carmine (IC). The methodology involved theoretical
absorbance calculations, spectrocolorimetric degradation experiments that
explicitly account for competing processes, and Total Organic Carbon
(TOC) analysis for mineralization. Importantly, we highlight the
significance of analyzing the entire dye absorption spectrum over the
course of irradiation to effectively monitor the process.

Results showed that much of the observed photodiscoloration and
mineralization was mainly caused by photolysis or adsorption onto the
Bi203 surface, rather than complete degradation. This emphasizes the
need to measure each contribution separately. A simple test effectively
identified dye sensitization with the AB dye. RhB and IC were used as
models to detect photobleaching or leuco-dye formation. We propose that
IC can serve as a universal probe molecule for analysis, as its degradation
can be monitored through distinct absorption signals from its intermediates.
Therefore, by following the steps outlined in the methodology and using
the IC dye, we concluded that the visible-light activity of semiconductors
can be accurately assessed.
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