
Journal of
Materials Chemistry A

COMMENT

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 3

0 
M

ar
ch

 2
02

2.
 D

ow
nl

oa
de

d 
on

 8
/1

6/
20

25
 2

:5
5:

27
 P

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n 
3.

0 
U

np
or

te
d 

L
ic

en
ce

.

View Article Online
View Journal  | View Issue
Reply to the ‘Com
aDepartment of Chemical Engineering, Imp

UK. E-mail: anna.hankin@imperial.ac.uk
bLaboratory of Renewable Energy Science a
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ment on “Flat band potential
determination: avoiding the pitfalls”’ by M. I. Dı́ez-
Garćıa, D. Monllor-Satoca and R. Gómez, J. Mater.
Chem. A, 2022, 10, DOI: 10.1039/D1TA06474F

Anna Hankin *a and Franky E. Bedoya-Lora b

The comment of Dı́ez-Garćıa and co-workers on the article ‘Flat band potential determination: avoiding the

pitfalls’ is a very valuable contribution to the discussion about the appropriateness of various models and

techniques used for the determination of flat band potentials of semiconducting photoelectrodes, as

well as other parameters. Such discussions will benefit the community and should improve the reliability

of published parameters characterising photoelectrode interfaces with electrolytes. Herein we respond

to the specific topics addressed in the comment: (i) the correction of the geometric photoelectrode

surface area by surface roughness to enable more accurate characterisation of materials with

nanotextured surfaces and (ii) the inclusion of photon flux limitation in the Gärtner–Butler model.
Mott–Schottky analysis – geometric
surface area vs. real surface area

We agree that if a roughness factor (r) of a semiconductor
surface is known, then the geometric surface area (Ageom) can be
replaced with a real surface area (Areal) in the Mott–Schottky
equation, as shown in eqn (1) in ref. 1 and also in eqn (1) below,
by substituting Areal ¼ r � Ageom.

Ageom
2

CSC
2
¼ 2

e3r30NDr2

�
U �UFB � kT

e

�
(1)

In this updated formulation, CSC denotes the space charge layer
capacitance in the unit of farads (not normalised by the surface
area), 30 represents the permittivity of free space, 3r is the relative
permittivity (dielectric constant) of the semiconductor, e is the
electronic charge, ND is the density of donor states (carrier
density), and U and UFB denote the applied potential and the at
band potential, respectively. In doing so, the apparent violation of
one of the assumptions underpinning the Mott–Schottky equa-
tion – “The semiconductor surface is perfectly smooth” – is
nullied, as pointed out by the authors of ref. 1. We agree with
this, except for the situation where the dimensions of the nano-
features, such as nanowires or dendrites, are comparable with the
width of the semiconductor space charge layer.2 If this is the case,
the depletion layer thickness could be highly non-uniform across
the surface of the semiconductor, leading to effective surface area
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values, Ageom # Aeffective # Areal, that will change as a function of
applied potential and would be expected to results in non-linerity
of the Mott–Schottky plot. These effects have been reported and
discussed in more detail by Cesar et al.3 and Mora-Seró et al.4

Gärtner–Butler model – requirement
of photocurrent limitation by the
incident photon flux

We agree that the original Gärtner–Butler equation, which we
used tomodel the photocurrent as a function of band bending in
ref. 2, did not include a limitation by the photon ux. Although
we imposed such a constraint in several of our other publica-
tions,5–7 where wemodelled the photocurrent, we did not do so in
ref. 2. Hence, we agree with the authors of ref. 1 that our pre-
dicted photocurrents were not constrained by the maximum
value that could be generated at 100 mW cm�2 irradiance.

Imposing a limitation on the photocurrent, jphoto, by photon
ux (I0e) in the denominator of eqn (2), would limit the effect of
high doping levels on the proportion of applied potential that is
dropped across the Helmholtz layer rather than across the
depletion layer.

jphoto ¼
alI0

�
2e303r

ND

�1
2ðDfscÞ

1
2

0
BBBBBB@
1þ

alI0

�
2e303r

ND

�1
2ðDfscÞ

1
2

I0e

1
CCCCCCA

(2)
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Symbols in eqn (2) represent: jphoto – photocurrent density,
Dfsc – band bending at the semiconductor interface, l – wave-
length, a – absorption coefficient, I0 – incident photon ux; the
remaining parameters were dened in the above text.

Further, as explained in ref. 3, other important corrections
can be made to eqn (2) to account for (i) bulk recombination, (ii)
surface recombination and (iii) a spectrally resolved absorption
coefficient.5
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