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Derivation of Equation 7

The kinetic model for the photocurrents in the PFCs was formulated on the basis of the

principle shown in Scheme 1. The equilibrium constants K, and K, were defined in the main



text for the separation of electrons and holes in anodic TiO, and cathodic BiOCI,
respectively, which are irradiated by light. The concentrations of O,, H, and H,O in the
electrolyte solution and those of Ti*", Ti**, 0>, O, Bi**, Bi’, Cl, and CI° in the
photocatalysts, with the subscript “a” (anode) or “c” (cathode), are represented by [O;], [H'],
[H,O], [Ti*], [Ti**], [0*7], [O7], [Bi**], [Bi%], [CIT], and [CI°], respectively. The hole
concentrations at the VBs of TiO, and BiOCI are denoted by [O7] and [CI7], and the electron
concentrations at the CBs of TiO, and BiOCI are denoted by [Ti**], and [Bi’]., respectively.
On the basis of the reported band population diagram versus energy, the predominant charge
separation due to the electron transition from CI 3p (and O 2p) to Bi 6p was assumed to occur

following irradiation with UV—visible light.
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Nitrogen gas was bubbled through the acidic TiO; solution to purge O,. The reaction rate
at the anode is formally proportional to the fourth power of [O7], because it is a four-electron

oxidation (Scheme 1):
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For the O, photoreduction equilibrium, the forward and reverse reaction rates were formally
proportional to the four-thirds powers of [Bi’]. and the fourth power of [O7]., respectively,

because they are also four-electron reactions (Scheme 1):
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The net electron flow rate (photocurrent) is the difference in the forward electron flow
from Ti0, to BiOCl via the external circuit and the reverse electron flow from BiOCl to TiO,

via the external circuit.
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Thus, eq. 7 was obtained. Here, the equilibrium constants with the prime symbol are as

follows: Ka'zKa[Ti‘”l[Oz’l , KC':KC[Bi“l[CI’I, K.'=K. /([HZO]C)Z, and

k,'=k, ((H,0].) -

The solubility of O, in water is insensitive to the pH value: 4.063 and 4.060 mg per 100
mL of water (1.27 mmol L!) at pH values of 2.0 and 4.0, respectively. The H*
concentrations (10 mmol L-') were greater than that of the dissolved O, at pH 2.0 for the
reaction O, + 4H" + 4¢~, whereas the H* concentrations (0.1-1.0 mmol L") were lower than
that of dissolved O, at pH 3.0-4.0 for the reaction. The experimental dependence of the
photocurrents on pH (Fig. 5B) was consistent with the kinetic model (eq. 6) in the pH range

from 2 and 4.
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Fig. S1 Components of the PFC comprising TiO, and BiOCl photocatalysts.



