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ABSTRACT: Electrophotocatalysis (e-PC) is currently experiencing a renewed interest. Taking advantage of the highly oxidizing
or reducing power of excited state of electrogenerated ion radicals it allows to perform thermodynamically difficult redox reactions.
However, e-PC is facing various specific issues, such as its fundamentally heterogeneous nature implying that mass transport is
coupled to chemical reactions and light absorption; back electron transfer of the ion radical excited state with the electrode; local
heating near the electrode surface modifying mass transport conditions. Herein we address these issues in the context of cyclic
voltammetry as an analytical tool and we provide a rational framework for kinetic studies of electrophotocatalytic reactions under
realistic conditions and hypothesis based on literature data. This approach may be beneficial to rationalize the design and the effi-

ciency of present and future e-PC systems.

Introduction

Harnessing the energy of light to perform redox reactions is a
very active domain referred to as photoredox catalysis. ' In its
most common form, molecular photocatalysis of redox reac-
tions is a process where a photocatalyst (PC) is excited and
triggers an electron transfer reaction either via oxidative or
reductive quenching by a sacrificial electron acceptor (SA) or a
sacrificial electron donor (SD). This process takes advantage
of the fact that the excited state of the photocatalyst *PC is a
stronger oxidant and a stronger reductant than its ground state.
The anion or cation radical of the photocatalyst (PC™ or PC™)
thus formed is then either oxidized or reduced by a substrate
(Sox OF Syeq) to regenerate PC (Scheme 1). A molecular catalyst
can be additionally used to pick up the hole from the photoin-
duced oxidant (PC™) or the electron from the photoinduced
reductant (PC™) and activate the substrate (Soy OF Syeq). Similar-
ly, a molecular catalyst can mediate the electron transfer from
*PC to SA or SD. >**38789 The sacrificial acceptor or donor
can also be replaced by a semiconductor electrode (injection of
electrons in the conduction band or injection of holes in the
valence band) as in dye-sensitized solar cells (DSCC). ' Both
light absorption and charge separation can be directly com-
bined in a single step using a semiconductor electrode in which
a hole and an electron are generated upon light absorption.
Then the hole (photoanode) or the electron (photocathode)
reacts at the surface of the semiconductor with the substrate.
Such an interfacial photoelectrochemistry (iPEC) process is
known as “photoelectrocatalysis”. ** It is demanding as a sin-
gle material (the semiconductor electrode) has to be engi-
neered to perform efficiently two very different functions: light
absorption to separate charges and surface reactivity with the
substrate. It is therefore the reason why a buried junction con-

figuration is usually preferred in the context of artificial photo-
synthesis. *?

Scheme 1. Principle of common form of molecular photoredox
catalysis
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Alternatively, performing thermodynamically difficult oxida-
tion or reduction can be achieved via the very strong oxidative
or reductive power of radical or ion radical excited state as
reported some time ago ** or more recently. ** Several exam-
ples of such a process can be found both for oxidation ** and
reduction. "%

Scheme 2. Principle of photoredox catalysis via ion radical
excited states
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As compare to common molecular photoredox catalysis, the
basic principle is to invert the order of light absorption and
electron transfer to or from the sacrificial acceptor or donor so
as to generate a very highly reducing or oxidative species
(Scheme 2). The sacrificial electron donor or acceptor can be a
homogeneous molecule " or be conveniently replaced by an
electrode. Because a complementary redox reaction is neces-
sarily occurring at the counter electrode, the overall process
has been recently proposed in a comprehensive review on
synthetic photoelectrochemistry to be referred to as electro-
chemically mediated photoredox catalysis. ** To avoid confu-
sion with common photoredox catalysis we prefer to use here
the term Electrophotocatalysis (e-PC). The principle of e-PC is
sketched in Scheme 3 in the case of a reduction (transposition
to oxidation is straightforward).

Scheme 3. Principle of e-PC
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e-PC is currently attracting a renewed attention, 22223242526 jn

part from its ability to generate highly energetic chemical
intermediates (e.g. benzene radical cation %) to form new
bonds. In the case of oxidation, it allows avoiding strong oxi-
dants, often toxic. The case of reduction is also of potential
interest as scalable strong reductive reagents are not yet avail-
able. ¥ Some examples are given in Scheme 4.

In the following, we will focus on electro-photo-reduction as
sketched in Scheme 3. The process bears some similarities
with redox catalysis of electrochemical reactions considering
the catalytic redox couple as PC+ho/*PC™. ** However, the
presence of light allows for generating a strong reductant at a
moderate potential whereas redox catalysis does not provide
more reducing power than the applied potential, catalysis aris-
ing from spreading reductants in a tri-dimensional space out of
two-dimensional electrode surface.

Scheme 4. Examples of electro-photo-generated strong oxi-
dants **°? and reductants ***
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As recently pointed out,?® several challenges are faced in the
endeavor to design an e-PC system. First, the photocatalyst
(PC) has to undergo a facile one-electron transfer at the elec-
trode to yield a primary radical (PC™ in Scheme 3) stable
enough so that it can be excited. Second, this primary radical
(PC™) has to absorb light at a different wavelength than the
initial species (PC). Third, the radical excited state (*PC*") has
to be long-lived enough to interact with the substrate (S,,). We
note that if the first condition is easily met (i.e. very stable
primary radical) then a two-steps e-PC process can be designed



(decoupled photoelectrochemistry dPEC *°), akin to the “cation
pool” method in redox catalysis, ** in which a solution of PC*
is obtained via complete electrolysis of a PC solution, then the
reactant S, is introduced under illumination (Scheme 5). Ad-
ditionally this decoupled approach might be useful for mecha-
nistic investigation, i.e. for example characterization of *PC*”
photophysics and quenching by the substrate S,,. Performing a
one step (one pot) e-PC process allows circumventing the
requirement for PC*™ solution to be stable and to proceed to
manipulation in the course of the reaction. That been said, one
has to recognize that the one step e-PC process also requires
optimized conditions to reach an efficient transformation.

Scheme 5. Two-steps e-PC
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Among the various specific issues, we can mention that (i) as
any electrochemically induced transformation, this process is
fundamentally heterogeneous because PC* is produced at the
electrode surface and therefore mass transport is coupled to
chemical reactions and light absorption; (ii) as sketched in
Scheme 3 (dotted arrows) the highly reducing *PC*" is gener-
ated at a potential at which it can be immediately oxidized
leading to an energy wasting back electron transfer; (iii) non-
radiative deactivation of *PC*™ generated in the vicinity of the
electrode may also induce local heating modifying mass
transport conditions (convection). Addressing these issues and
more generally investigating e-PC mechanism calls for the use
of analytical techniques such as advanced spectroscopic, spec-
troelectrochemical and computational tools. *° We believe that
well developed classical electrochemical techniques such as
cyclic voltammetry (CV) can be relevant to explore e-PC as
will be shown in the present contribution. Cyclic voltammetry
was used in the very early investigation of e-PC systems, back
in the 70’s, *' with identification of specific challenges such as
the influence of thermal convection or back electron transfer **
but without quantitative analysis. To the best of our
knowledge, no fundamental kinetic studies have been per-
formed on e-PC beside preliminary cyclic voltammetry studies
132 and analytical tools are clearly lacking. A formal kinetic
analysis is thus now performed which provides a framework
for ongoing experimental studies.

Results and Discussion

We consider a system as represented in Scheme 3 and we
focus on process taking place at the working electrode (left
electrode in Scheme 3) which potential is controlled by a
potentiostat in a CV experiment. The molecular photocatalyst
(PC, assumed to be a neutral species for the sake of simplicity)
diffuses in solution (diffusion coefficient D) and can be re-
duced at the electrode surface. Upon steady-state irradiation
with a photon flux (1), that we assume to be from the backside
of the electrode, the anion radical PC* is the only species
absorbing light (molar extinction coefficient ¢) to generate
the excited state *PC*". While diffusing, the excited state fate
is threefold: non-radiative deactivation (rate constant
ko =1/ 7, ins™ where 7, is the *PC" lifetime); reaction with

a substrate (S,,) regenerating PC and re-oxidation at the elec-
trode surface also regenerating PC. The latter corresponds to
back electron transfer because *PC*” is a strong reductant and
eager to transfer an electron to the electrode in the range of
potential corresponding to the CV scan. Back electron transfer
can also occur via the homogeneous irreversible reaction:

*pC° + PC —» PC+ PC"

However, we note that this downhill bimolecular reaction can
be considered as limited by diffusion (kg ~10*°M™s™) and,

hence, considering a typical mM concentration of PC, its con-
tribution to *PC"" is negligible compared to the non-radiative

deactivation: kgi [PC]~10"s* <<k, =1/7, taking into ac-

count that the lifetimes of photocatalyst anion radical excited
states are typically sub-nanosecond. ****3 Therefore, in the
following, we will discard this homogeneous reaction.

In a cyclic voltammetry experiment at a planar microelectrode
which dimension (typical disk electrode diameter 0.3 cm) is
greater than the diffusion layer thickness, diffusion can be
assumed to be linear. The diffusion layer thickness is indeed

JDRT / Fv of the order of 10° cm taking D =10°cm®s™; T
=298 Kand v = 0.1 Vs™ (F isthe Faraday and R the gas
constant). Provided the scan rate is not too slow (> 20 mV s™),
linear diffusion can be safely assumed to be semi-infinite, i.e.
not perturbed by natural convection. This state of affair is not
necessarily true anymore upon irradiation as it causes an in-
crease of the temperature in the immediate vicinity of the
electrode thus boosting convection.*> Consequently, we con-
sider a planar non-infinite diffusion with a maximal diffusion
layer thickness equal to J being a function of the photon flux
I passing through the diffusion-reaction layer. We will show
later on how & can be experimentally evaluated from CV. The
maximal diffusion layer size ¢ defines the maximal space
zone in the solution in which the photocatalytic process can
take place because the concentration of PC*" is nil beyond this
layer.

Considering an irradiation of the solution from the backside of
the electrode (using for example a transparent ITO electrode),
light is absorbed by the electrogenerated anion radical PC*”
and therefore the photon flux 1 may decrease within the diffu-
sion-reaction layer. However, considering a maximal concen-
tration of PC*™ of 1 mM, a typical molar extinction coefficient
e~10* Mt cm™ * and a diffusion layer length of 3 10° cm,
then the photon flux attenuation is 1/15~0.93 (ly is the
photon flux at the electrode surface). We can thus conclude
that the light penetration length is much larger than the diffu-
sion layer size and therefore consider a uniform photon flux (
I = 1g) throughout the diffusion-reaction layer. Moreover, this
observation implies that the mode of irradiation of the electro-
chemical cell (from the backside of the working electrode or
from other directions) does not matter as light is only absorbed
in a diffusion-reaction layer much thinner than the light pene-
tration length.

Within the above framework (constant and uniform photon
flux 1 and maximal diffusion layer size ¢ ), we will as a first
task described the CV electrophotoreduction behavior of PC in
the absence of substrate. Then, we will describe the CV e-PC



response in the presence of the substrate S,.

The photocatalyst reduction is characterized thermodynami-
cally by a standard potential Egc and kinetically by a standard
rate constant kg and a transfer coefficient o assumed to be
0.5. The light absorption pseudo-first order process has a rate
constant £l . Non radiative deactivation of the excited state
*PC" occurs with a rate constant k, and *PC"" is oxidized at
the electrode surface at a very high rate because the corre-

sponding standard potential Eg is much more negative than

ESC. Therefore the concentration of *PC* at the electrode

surface is zero. Scheme 6 summarized this electrophotoreduc-
tion process. For the sake of simplicity, we assume that PC*~
cannot be further reduced so that there is no homogeneous
reduction of PC"™ by *PC"™ producing PC* as might be the
case with some photocatalysts, e.g. pyrene.*

Scheme 6. Electrophotoreduction of the photocatalyst PC
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Considering diffusion reactions equations for all three species
PC, PC* and *PC"" together with initial and boundary condi-
tions associated with a CV experiment, it can be shown (see
Supporting Information (Sl)), that the system is governed by

. . . I
the following four dimensionless parameters: Kzi—;

b
k
ﬂb:—b :TC—V; Aziks and I:—5 .
FVv/RT ¢, <DFV/RT JDRT / Fv
The first parameter is the apparent equilibrium constant for
PC* light absorption/ *PC* deactivation. For systems of

. | L .

interest, we have K :i—« 1. Indeed, the lifetime of anion
b

radical excited states is nano or sub-nanosecond, hence,

2 34

ky >10° s whereas &~10" mol™ cm? * and a typical value

for the photon flux is 1 ~2x10""mol s cm? ¥’ leading to
gl =2 s' <<k,. As a consequence the concentration of
*PC*” does not build-up in the diffusion-reaction layer. The
second parameter is a comparison of the excited state anion
radical lifetime and the characteristic time of the CV,
tcy =RT / Fv. For typical scan rate values, A, =7¢cy /7y

>> 1 indicating that the apparent equilibrium between PC*"
and *PC" is met. The third parameter A characterizes the
kinetic of the interfacial electron transfer compared to the rate
of diffusion. Finally, | indicates on whether diffusion is semi-

infinite (I >> 1) or constraint within a layer of thickness § (I
<<1).

The condition A4, =7cy /7, >> 1 allows for considering pure
kinetics conditions, i.e. a steady state approximation for the

quantity (K[PC"}—[PC"*]) due to compensation of diffu-
sion and reaction (see Sl). As a consequence and taking into
account that K << 1, it is shown that the system is governed by
only three parameters: |, A and K./4, , and that a closed-form
of the CV dimensionless equation can be derived:

tanh(lx/g) 1—51/76)@(:15/2)

I(//x@fl R dn=
0 Vs r—n 1+exp(—¢&)+exp(=&/ 2)%

with the dimensionless current w =

i 0

(Cp
FSCOoVDFV/RT = '¢
is the bulk concentration of PC, S the electrode surface area),

. . . F
the dimensionless potential §=—ﬁ(E—E8C) and

@—1[f (s)]H7 representing the inverse Laplace transform of

function f (s) atvalue 7 —7 where z=t/zg .

In the absence of irradiation (dark behavior), K\/[%, =0 and
| >>1 so that the CV equation becomes:

Wexp(—§/2)+1+exp(—§) V_dp-1

A \/; ‘([\/r—?]

which, with no surprise, is the exact CV expression of a chem-
ically reversible one electron redox coupled with possible
interference of electron transfer kinetics depending on the
value of A .** Characteristics of the electron transfer kinetics (
ks ) as well as the diffusion coefficient ( D) and the standard

potential (Egc) can then easily be extracted from peak poten-
tials and intensity from CV recorded at various scan rates.

Under irradiation, if electron transfer kinetics is fast (A — ),
then the CV equation simplifies to:

4 tanh(l«/g) 1

I(//x@_l _ dn =
s p— 1+ exp(—§)+exp(—§/2)%

and the system is controlled by two parameters

61 and K«Mb_gl D /k,
JDRT / Fv A kg
can be drawn representing the various cases that can be ob-
tained depending on the values of the governing parameters
and how manipulation of the operational parameters (scan rate
and light intensity) or intrinsic properties (ks ,& or ky) can
move the system from one situation to another one (figure 1).
For the sake of simplicity, the arrow for I in the compass of the
zone diagram was drawn assuming that the maximal diffusion

layer thickness ¢ is proportional to 1/1 .

and a zone diagram
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Figure 1. Zone diagram for electrophotoreduction CVs with
K<< 1and A— o and pure kinetics conditions A4, >> 1.

Dimensionless expressions and characteristics of the limiting
CVs corresponding to zones Dy, Sq, D, and S, are given in
Table 1. (zones D correspond to a semi-infinite diffusion type
wave; zones S correspond to sigmoid type CVs due to limited
diffusion layer thickness). KG corresponds to the general case
described by the complete CV equation given in the text.
Zones without names correspond to transition zones. The
compass rose summarized how the variations of the parameters
move the system from one zone to the other.

When K\/%:gl D7k, <<1 (left side of the zone dia-
A ks
gram), i.e. fast interfacial electron transfer compared to dy-
namics of light absorption, the photochemical process has no
effect on the CV and irradiation only induces local heating and
increase of convection. This effect tends to transform the peak
shaped CV into a stationary sigmoidal CV as shown on figure
2a.

a i b
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Figure 2. (a) Simulations of CVs in the limiting case

K‘/Z <<1 as function of |:L
JDRT /Fv
(blue), 2 (red), 5 (green), 10 (magenta). (b) CVs of pyrene (5
mM) in DMF + 0.1 M tetrabutylammonium iodide a: in the
dark, b: under irradiation (514.5 nm), v = 0.04 V s™. Repro-

=0.5 (black), 1

duced from figure 1 in reference 31.

The corresponding plateau current allows for an easy evalua-
tion of the diffusion layer maximal thickness o (
ipl = FSDCJc / 8 ) and hence to a calibration of the & = f (1)

experimental relationship. Figure 2b reports data from refer-
ence 31 showing from the plateau current enhancement upon
irradiation that §=6.3 um (Il ~0.8) taking into account an

evaluation of the diffusion coefficient D=10"° cm?® s™ from
the peak current of the one electron reversible wave in the dark

(ip =0.446FSCPc/DFV/RT with a disk electrode of 0.25
mm diameter).

Table 1. Dimensionless equations and characteristics of the
limiting CVs of the zone diagram in figure 1.

Zon | Equation Characteristics
e
D T
T Ry ip = 0.446FSClc /@
TNt 1+exp(=¢) RT
Eyp = ERc
S S iy = FSDCYc /6
v ~ l+exp(=¢) ol o Fe
Ei2 =Epc
D, 1z \/ﬁ
v . 0
[y = i, =0.446FSCOc, Jor ——
\/7.([ -7 n p PC RT
1 o RT, (el [D
Eij2 =Epc ——1In [«’j
aF ks \ Kk
l+exp[—§+ln%] s
2 A
Si yxl= . i =FSCPc /6
RT gl |D
K I {RALIN ™ LA el
l+exp[—§+ln\//1£J Fuz =Epc aFIn[ks kb]

% Ey, is the mid-point potential (Dg and D, zones) or the half-wave
potential (Sq and S; zones)

K 1yD/k
When \/% =& b

ks
gram), the photochemical process manifests itself via a shift of
the CV (figure 3) with an apparent standard potential (when
| — o0 ) or half-wave potential (when | — 0) equal to:

0 0 2RT el D/kb
Eap = Ev2 = Epc — '”(

F kg
el ,,D / kb
ks
ability to transfer electron to the solution species (via kg ) and

the ability to generate excited electrons within a thin layer
close to the electrode (of size JD /ky, ) able to be transferred

>>1 (right side of the zone dia-

actually measures the competition between the




1 JD7kp

&
back to the electrode. The condition
S

that the latter is greater than the former and hence in a range of
potential, where interfacial electron transfer rate is lower than

el D /Ky, there is no net current. Therefore, the wave is

shifted to more cathodic potentials where electron transfer rate
constant is larger. However, we note that such a situation (

K\ / A>>1) is difficult to be met with most systems. In-

>>1 indicates

2

deed, considering typical values, e~10" mol™* cm?

I ~2x10~"mol s* cm? D=~10"cm? s and ki ~10%s?, it

would require kg << 2x107 cm s Such a slow electron

transfer rate constant is unlikely as photocatalysts are usually
large organic molecules with delocalized electronic systems to
enable efficient light absorption in the UV-vis domain and
hence electron transfer is endowed with a small reorganization
energy leading to fast electron transfer. *“°** This remark is in
line with the observation on Figure 2b that the CV of pyrene
under illumination is located at the same potential as in the
dark.
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Figure 3. Simulations of CVs in the limiting case \//1% >>1
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We now analyze the CV response for the electrophotocatalytic
reduction of a substrate (S,,) as part of the e-PC process repre-
sented in the left-side of Scheme 3 and recalled in Scheme 7.
For the sake of simplicity, we consider a large excess of sub-
strate, i.e. no substrate consumption, and fast catalysis corre-
sponding to pure kinetics conditions on PC*” and implying a
steady-state approximation on [*PC"]. As detailed above, we

. . el
also consider that for systems of interest K =k—<< 1. It can
b

thus be shown (see Sl) that the CV equation under constant
and uniform irradiation is:

1

tanh(1\/p ) exp(—¢1/2)
T[1+ exp(—f)] + pf

The system is thus controlled by three parameters:

ks s

N=—=2—=, |l=—— and
~DFV/RT NDRT / Fv
kcath el

(kb + kcatcg) Fv/RT

where Cg is the substrate concentration and kg the bimo-

lecular rate constant for the reaction of *PC* with the sub-
strate Sy

Scheme 7. Electrophotocatalytic reduction of a substrate S,,.
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If we take into account that, as already discussed, photocatalyst
are large molecules with delocalized orbitals leading to fast
electron transfer (A —>), we obtain that the electro-
photocatalytic CV is a simple sigmoid with a half-wave poten-

tial equal to ES- and a plateau current:

/gl x KeqtCY
0
Kp +KcatCs

)
tanh 0
\/D / kcath \lkb +KeatCs

Knowing &1, k, as well as 6 from the CV study of PC
without substrate, the catalytic rate constant k., can in prin-
ciple be extracted from the plateau current. Because the life-

ip = FSCRcv/D

time of *PC" is short (k, >10° s™) it seems reasonable to

assume that in most cases Kk >> kcatcg, so that the photo-

chemical activation of PC*™ to the strong oxidant *PC" is a
pre-equilibrium. The apparent pseudo-first order catalytic rate

constant is thus chath leading to a catalytic plateau current:

\l chatcg

o

D/ KkepeCS

,/D/ chatcg is the diffusion-reaction layer where catalysis

takes place. However, if this thickness is larger than the maxi-
mal diffusion layer thickness 6 imposed by the local heating

ip = FSCpcVD

tanh



irradiation, i.e. L« 1, then

D/ Kk C2

ipl = FSCSCD/6. This indicates that catalysis is not fast

due to

enough to allow current enhancement when squeezed in a thin

layer of layer thickness ¢ . Alternatively, if ; >>
D/ KkgqCS
1, the plateau current simplifies to:

ip = FSCPc/D\KkeerCS and the catalytic rate constant is
easily obtained. We note that an evident limitation of using CV

. . . - o
to investigate e-PC is that the condition ——————=>>1

D/ KkqC2

may not be easily fulfilled as K <<1 due to the short lifetime
of the ion radical excited state. Taking again as an potential
example the electrophotoreduction of pyrene, ** in the pres-
ence of m-chlorotoluene, a catalytic current is observed (see
Figure 4 in reference 31 reproduced here in Figure 4) leading

to the evaluation of Kkey ~5x10°M™ s (D=10"° cm? s*

and 6=6.3 um, see above). Reduction of m-chlorotoluene by
*PC* probably leads to a radical that can be easily reduced at
the electrode, hence the plateau current takes into account a
stoichiometric factor:

Note that some doubt can be cast on the exact concentration of
pyrene given in reference 31 for the CVs reproduced in Fig-
ures 2b and 4, i.e. respectively 5 and 2 mM as the peak current
does not seem to scale with the concentration. However we
took those concentrations for our rough evaluations. A com-
plete characterization of the system would need to evaluate

el - N

K =k— as well as additional characterization of the photoe-
b

lectrolysis products. Nonetheless, this example shows that the

analytic framework that we propose is realistic and opens

opportunities to investigate e-PC mechanisms, get quantitative

kinetic characterization and thus improve efficiency.
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Figure 4. CVs of pyrene (2 mM) in DMF + 0.1 M tetrabu-
tylammonium iodide and m-chlorotoluene (0.08 M). (a) in the
dark, (b) under irradiation (488 nm), v = 0.04 V s™. Repro-
duced from figure 4 in reference 31.

Conclusion

We have established the CV responses for electrophotoreduc-
tion and electrophotocatalytic systems under realistic condi-
tions and hypothesis. We have shown that cyclic voltammetry
is a suitable tool to investigate these processes and get Kinetic
information. The present analysis reveals, via a dimensionless
formulation, that the efficiency of an electrophotocatalytic
process depends on the interplay between light absorption,
excited state deactivation, reactivity with the substrate and
mass transport. In particular, we have shown a catalytic current
can only be seen if the size of the diffusion-reaction layer,

,/D/ chatcéJ , is smaller than the size of the convection layer
induced by local heating of the solution upon irradiation.

The present analysis also provides a useful framework for
experimental studies and suggests a step-by-step protocol for
the full kinetic characterization of an electrophotocatalytic
reaction. Firstly, the CV analysis of the photocatalyst in the
dark and in the absence of substrate allows for evaluation of

the interfacial parameters (Egc, ks and « ) and the diffusion

coefficient (D). Secondly, preparation by bulk electrolysis in
the dark of the stable ion radical of the photocatalyst (PC*™ in
the case of a reduction) should allow determination of its pho-
tophysical properties (extinction coefficient ¢ and excited

state lifetime 7, =1/ky ). This should be the occasion to de-

termine the suitable excitation wavelength where PC*™ absorbs
light whereas PC does not. Thirdly, CV analysis of the photo-
catalyst under illumination (knowing the flux of photon | of
the used lamp) and in the absence of substrate should be car-
ried out to evaluate the effect of local heating on convection,
i.e. determination of the maximal diffusion layer thickness
&(1)). Finally, CV analysis under illumination and in the

presence of the substrate S,,, allows for an evaluation of the
catalytic rate constant K. .

This approach may be beneficial to the current renewed inter-



est in electrochemically mediated photoredox catalysis *°*° and

should allow for quantitative kinetic analysis helping rational-
izing the design of such processes.
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