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S'1.Theoretical derivation of chemical capacitance

When the quasi-Fermi level (Eg,) of a dye-sensitized solar cell is much lower than the band edge
energy of conduction band (E) of its TiO, photoanode, the chemical capacitance (C,) is

dominated by the trap state distribution. C,, can be written as(S!l:

on
C, = —= (s1)
OE.,
where e is the unit charge, ntis the density of trapped electrons. At this time, the chemical
capacitance reflects the capability of a system to accept or release additional trapped electrons
with density nt due to a change of quasi-Fermi level.
nt can be written as(82]
E g
ny =[x (E)f(E, Eg)AE = Ny expl(Ey, — B, )/ ko T ] (s2)
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Where E,;, is the band edge energy of the valence band, gr(F) is the density of trap states as a
function of energy E, E, Ef,) is the Fermi-Dirac function, Nt and T are the total density and the

characteristic temperature of the trap states.

For trapped electrons in Boltzmann distribution, C, can be expressed as[S*!

N. E. —-F
X — eZ T exp Fn cb (83)
kBTT kBTT

Because of Vi, = (Epn-Eredox)/€, Eredox 18 the redox energy of electrolyte. Eq. (s3) can be expressed

e
C, = e’ { B exp( KT Vi ﬂ (s4)

So C,, is exponentially dependent on ¥}, The pre-exponential factors B is

B: NT exp Eredox_Ecb (SS)
kBTT kBTT

as
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