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Abstract

A simple, rapid, and effective photoelectrochemical method is proposed to quantitatively characterise photocatalytic degradation behaviour
of organic compounds at nanoporous TiO2 film electrodes in a thin-layer photoelectrochemical cell. This method uses the charge obtained by
integrating the photocurrent originating from the photocatalytic oxidation of organic compounds to quantify the extent of degradation. Complete
mineralisation was observed for all organic compounds investigated. A double-exponential kinetic rate expression was acquired using a computer
simulation method, indicating two simultaneous kinetic processes. Photocurrent profiles of different organic compounds complied well with the
proposed theoretical model. Both pre-exponential and exponential constants were obtained. The rate of the fast kinetic component is 10–25 times
faster than that of the slow kinetic component. It was found that the identities of organic compounds have no significant effect on the photocatalytic
oxidation kinetics, whereas the availability of the organic compounds to capture photoholes plays a decisive role.
Crown Copyright © 2007 Published by Elsevier Inc. All rights reserved.
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1. Introduction

Up to now, TiO2 has been the dominant semiconductor pho-
tocatalyst, although many other types of semiconductor pho-
tocatalysts are available [1–4]. The domination of TiO2 in the
field can be attributed to its superior photocatalytic oxidation
ability and nonphotocorrosive, nontoxic, and inexpensive char-
acteristics. TiO2 can be readily synthesized in its highly pho-
toactive nanoparticle forms [1–3]. To date, much research effort
has been devoted to understanding the fundamental processes
of TiO2 photocatalysis in attempt to improve photocatalytic ef-
ficiencies [2–8]. Nevertheless, much of the published data has
been obtained from bulk reactors (cells) of slurry and immo-
bilised TiO2 photocatalytic systems [1–4,8–11]. In practice, the
use of a thin-layer reactor can improve the photoefficiency be-
cause of enhanced mass transfer and reduced UV absorption by
the aqueous medium. In this regard, the investigation of photo-
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catalysis processes in thin-layer reactors is of particular interest
to the researchers in the field.

In a bulk reactor (cell), the reaction is often nonexhaustive,
and the ratio between the volume of the solution and the elec-
trode area is large. Consequently, the change in the substrate
concentration in the bulk solution is negligible during the re-
action [12,13]. For this reason, a steady-state mass transfer
condition can be achieved, and a limiting (steady-state) pho-
tocurrent can be attained. The relationship between the current
and the substrate concentration can be obtained mathematically
by solving the differential equations of Fick’s law using a set
of identified semi-infinite boundary conditions [14]. Neverthe-
less, the circumstance in a thin-layer cell is very different from
that of a bulk cell. First, the ratio between the solution volume
and the electrode area is very small, which makes the sub-
strate concentration in the bulk solution decrease rapidly once
the reaction begins. As a result, the steady-state mass transfer
condition cannot be sustained, and a limiting current cannot be
attained. Second, the semi-infinite boundary conditions are in-
valid for a thin-layer cell process, because the thickness of the
concentration depletion layer is limited by the thickness of the
cell (<200 µm) [14,15]. Thus, the mathematical treatment of a
. All rights reserved.
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thin-layer system is quite different from that of a nonexhaus-
tive degradation mode in a bulk reactor [14,15]. The present
work aimed to investigate the characteristics of exhaustive pho-
toelectrocatalytic degradation of organics in a thin-layer cell. In
particular, the investigation focused on quantifying the extent
of the degradation and expressing the kinetics of the exhaustive
degradation processes.

Although the photocatalytic degradation of a wide spec-
trum of organic compounds has been extensively investigated
[16–18], a method to provide simple, rapid, and accurate quan-
tification of the extent of photocatalytic degradation has not yet
been realised. Most of current methods quantify the extent of
the degradation by measuring the amount of original compound
that disappeared. Under these conditions, extra caution must be
taken in data interpretation, because the photocatalytic degra-
dation of organic compounds (even the simplest ones, such as
formic and oxalic acids) will take a few steps and involve inter-
mediates [16,19]. In fact, the amount of the original compound
disappearance can be used to represent the extent of the degra-
dation only under the situation in which the final degradation
products are accurately known. In addition, for these methods,
the accuracy of the measurement is questionable due to the
complicated experimental procedures involved [12,13,20,21].

The kinetics of TiO2 photocatalysis has been extensively
investigated [10,11,22–24]. Recent systematic studies have pro-
vided much meaningful insight into the kinetic characteristics
of the TiO2 photocatalytic processes [25–30]. A Langmuir–
Hinshelwood kinetic model [27–29], a two-site kinetic model
[25,26], and a newly proposed kinetic model [30] were used in
these studies. These kinetic models are applicable to describe
the kinetics of a photocatalytic process under equilibrium or
pseudo-steady-state conditions. The measured kinetic parame-
ters tend to be apparent rather than inherent, however. With
these methods, the rate of disappearance of the target organic
compound was used almost exclusively to represent the reaction
rate. As a result, the information regarding the extent (percent-
age) and degree (final products) of oxidation becomes neces-
sary and must be taken into account for interpretation of the
obtained kinetics data. This is because the oxidation of differ-
ent organic compounds requires transferring different numbers
of electrons, and even for the same organic compound, differ-
ent degrees of oxidation require transferring different numbers
of electrons.

It is apparent that existing methods are unsuitable for study-
ing the kinetics of a photocatalytic process in thin-layer re-
actors. In this work, we propose a new photoelectrochemical
method to quantify the kinetic characteristics based on a sim-
ilar principle of measurement as described previously [21,31].
Because a photocatalytic degradation process is essentially an
electron-transfer process, the rate of the electron captured from
organic compound can be considered an inherent property of a
photocatalytic system, which can be used to best represent the
photocatalytic activity and photoefficiency [21]. For this rea-
son, a photoelectrochemical method based on measuring the
total amount of photoelectrons generated from the photocat-
alytic oxidation of organics is used to quantify the extent and
the degree of the degradation, in accordance with the Fara-
day’s law. The use of charge to express the degradation process
can greatly minimise (if not completely eliminate) the effect
of many interfering factors of the solution processes (e.g., the
rate of mass transfer) and interfacial processes (e.g., adsorp-
tion). In addition, the rate of electron-capturing (photocurrent)
can be used to describe the kinetics of photocatalytic degrada-
tion process in the thin-layer cell. The ability to investigate the
degradation kinetics of organic mixtures is a unique advantage
of the proposed method. Because the degradation mechanism
and reaction kinetics are strongly influenced by the adsorption
properties of the organic compound [32], two groups of model
compounds were chosen for the investigation: a strong adsor-
bate (e.g., carboxylic acid) and a weak adsorbate (e.g., aliphatic
alcohol).

2. Experimental

2.1. Materials

Indium tin oxide (ITO) conducting glass slides (8 �/square)
were supplied by Delta Technologies Limited. Titanium bu-
toxide (97%, Aldrich), potassium hydrogen phthalate (AR,
Aldrich), formic acid (AR, Aldrich), oxalic acid (AR, Ajax
Chemicals), succinic acid (99%, Sigma), malonic acid (Sig-
maultra, Sigma), methanol (99.8%, BDH), D-glucose (99%,
BDH), salicylic acid (AR, Aldrich), sodium acetate (AR, Ajax),
phenol (99%, Sigma), phenylalanine (99%, Sigma), sodium ni-
trite (AR, Aldrich), 4-chlorophenol (99%, Aldrich), acetone
(AR, Aldrich), phenol (99%, Sigma), and glutaric acid (99%,
Sigma) were used as received. All other chemicals were of
analytical grade and purchased from Aldrich unless stated oth-
erwise. All solutions were prepared using high-purity deionised
water (18 M� cm; Millipore Corp.).

2.2. Preparation of the nanoporous TiO2 film electrode

Aqueous TiO2 colloid was prepared by the hydrolysis
of titanium butoxide according to the method described by
Nazeeruddin et al. [33]. The resultant colloidal solution con-
tains 60 g dm−3 of TiO2 solid with particle sizes of 8–10 nm.
Carbowax (30%, w/w based on the solid weight of the TiO2
colloid) was added to increase the porosity of the final TiO2
film. The colloid thus obtained was used for the fabrication of
TiO2 nanoporous film. ITO slides were used as the conduct-
ing substrate. Details of the ITO pretreatment were given in our
previous publication [12]. After the pretreatment, the ITO slide
was dip-coated in the TiO2 colloidal solution. The coated elec-
trodes were then calcined in a muffle furnace at 700 ◦C for 16 h
in air.

The surface morphology of the film was examined by scan-
ning electron microscopy (SEM), which revealed a rough and
porous film surface [31]. Crystallite size of 30–50 nm was ob-
served, indicating that the particles are sintered aggregates from
primary nanoparticles (8 nm). X-ray diffraction (XRD) analy-
sis was used to identify the crystalline phase of the TiO2 film.
It revealed that the resultant TiO2 film was a mixture of anatase
(96.8%) and rutile (3.2%) [31]. The ratio of the two different
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Fig. 1. The schematic diagram of the thin-layer photoelectrochemical cell.

crystal forms was calculated in accordance with the peak inten-
sity ratio of IA(101)/IR(110). The average crystallite size of
the mixed-phase film was ca. 33 nm, which was also calculated
from XRD peak broadening of the anatase (101) plane using
Scherrer’s equation [31].

2.3. Apparatus and methods

All photoelectrochemical experiments were performed at
23 ◦C in a three-electrode thin-layer photoelectrochemical cell
with a quartz window for illumination (see Fig. 1a). The TiO2
film electrode was used as a working electrode, with the area
defined by an aperture of a 0.65-cm2 spacer window (Fig. 1b).
The thickness of the spacer was 200 µm, which defined a cell
volume of 13.0 µL. A saturated Ag/AgCl electrode and a plat-
inum mesh were used as the reference and auxiliary electrodes,
respectively. A voltammograph (CV-27, BAS) was used for ap-
plication of potential bias in photoelectrolysis experiments and
linear potential sweep experiments. Potential and current sig-
nals were recorded using a Macintosh computer (7220/200)
coupled to a Maclab 400 interface (AD Instruments). Illumi-
nation was carried out using a 150 W xenon arc lamp light
source with focusing lenses (HF-200w-95, Beijing Optical In-
struments). To prevent heating of the sample solution by the
infrared light, the light beam was passed through an UV band-
pass filter (UG 5, Avotronics Pty. Limited) before the electrode
surface was illuminated. The light intensity was 6.6 mW/cm2,
as measured with a UV irradiance meter (UV-A Instruments of
Beijing Normal University).

3. Results and discussion

3.1. Photocurrent–potential responses

For a thin-layer cell, the solution resistance is high due to
the thin solution channel between the working and the reference
electrodes, which could generate significant IR drops, leading
to the deformation of current–potential responses. To avoid this,
a high concentration electrolyte (i.e., 2.0 M NaNO3) was used.
Fig. 2 shows a typical linear potential sweep voltammogram
of a porous TiO2 film electrode in 2.0 M NaNO3 under il-
lumination. No distortion in photocurrent potential responses
Fig. 2. Linear potential sweep voltammogram of a TiO2 porous film electrode
in 2.0 M NaNO3 solution in the photoelectrochemical thin-layer cell under UV
illumination.

Fig. 3. Typical photocurrent responses obtained from the thin-layer cell. 2.0 M
NaNO3 (dash line) and 2.0 M NaNO3 plus 100 µM potassium hydrogen phtha-
late (solid line).

were observed, indicating that the 2.0 M supporting electrolyte
is sufficient. In fact, the photocurrent potential characteristics
observed were similar to those of the electrode in a conven-
tional bulk cell [20,21]. As shown in Fig. 2, in the low potential
range, the photocurrent increased with potential bias, indicating
that electron transport across the film was the limiting step of
the overall process [20,21,34]. The photocurrent saturation at
higher potential (> +0.3 V) is because the overall process was
dominated by the electron capturing rate at the TiO2–solution
interface [20,21,34]. To obtain a photocurrent response that rep-
resents the rate of electron capture at the interface without the
influence from the electron transport across the photocatalyst
film, a potential bias of +0.30 V was subsequently adopted for
all experiments [20,21,34].

3.2. Measurement of transient photocurrent and charge

Fig. 3 shows the transient photocurrent decay of the elec-
trode in a 2.0 M NaNO3 solution with and without potassium
hydrogen phthalate (KHP) in the thin-layer cell. With the blank
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Fig. 4. A plot of net charge against the initial potassium hydrogen phthalate
concentration.

electrolyte solution, a smaller photocurrent response spike (dot-
ted line) is observed, which is attributed to photocatalytic oxi-
dation of water. In the presence of KHP, the photocurrent spike
(solid line) increased due to photocatalytic oxidation of both
the organic compound and water. After depletion of the organic
compound concentration in the reaction zone, the photocurrent
decayed to a steady photocurrent due purely to the photocat-
alytic oxidation of water. The net charge originating from pho-
tocatalytic degradation of organic compound can be measured
by the charge difference between the two cases [21]. Note that
this net charge can be quantitatively converted to the equiva-
lent amount of organic compound being oxidised, in accordance
with Faraday’s law [21]. Also note that the net photocurrent due
purely to the photocatalytic oxidation of organics also can be
obtained by deducting the black photocurrent from the overall
photocurrent. Under the experimental conditions of this study,
this net photocurrent can be used to represent the instant rate of
photohole capture process at the interface, which should be the
limiting step of the overall process [20,21,34].

3.3. Stoichiometry of photocatalytic degradation

First, the photocatalytic degradation of KHP was investi-
gated. The stoichiometric oxidation of KHP can be represented
as

C8H6O4 + 12H2O → 8CO2 + 30H+ + 30e−. (1)

That is, the mineralisation of 1 mol of KHP requires 30 mol
of electrons. Consequently, Faraday’s law can be written as

(2)Q = 30FCV = kC,

where Q is the theoretical net charge, V is the volume of the
thin-layer cell, F is the Faraday constant, and C is the initial
concentration of the organic compound.

According to Faraday’s law, if the complete mineralisation
of KHP has been achieved, then the relationship between the
net charge and the concentration should be linear and with a
theoretical slope (k) of 0.03763 (mC/µM), where the cell vol-
ume, V = 13 µL, is used. Fig. 4 shows the plot of the net charge
against the concentration. A linear relationship with an exper-
imental slope value of 0.03711 (mC/µM) was obtained. This
Table 1
Number of electrons (n) required for complete mineralisation of different com-
pounds

Compounds n Compounds n Compounds n

Methanol 6 p-Chlorophenol 26 Malonic acid 8
Glucose 24 Glycin 6 Succinic acid 14
Phthalic acid 30 Oxalic acid 2 Glutaric acid 20

Table 2
Molar composition of mixture 1 and mixture 2

Mixture 1 (mol%) Mixture 2 (mol%)

Phthalic acid 10% Phthalic acid 20%
Salicylic acid 10% Phenol 20%
Glucose 10% Glucose 20%
Phenol 10% Methanol 20%
Methanol 20% Malonic acid 20%
Acetone 20%
Acetic acid 20%

indicates that >98% of KHP in the sample has been completely
mineralised to CO2.

Considering that the experimental net charge used in Fig. 4
was obtained by simple subtraction of the background charge
(due to the photocatalytic oxidation of water) from the overall
charge (due to the photocatalytic oxidation of both water and
organics), the excellent linear relationship shown in Fig. 4 im-
plies that the rate of photocatalytic oxidation of water does not
change with the concentration of organic compounds. This is
a very interesting finding, because the KHP is known to be a
strong adsorbent [34], and an increase in KHP concentration
certainly will result in a decreased surface coverage of water,
which normally would lead to a decreased rate of water oxida-
tion that underestimates the proposed method. But this did not
happen, as evidenced by the experimental observation, which
may be explained by a two-site kinetic model [25,26].

The extent of oxidation of other organic compounds was
subsequently investigated using the aforementioned method.
The stoichiometric photocatalytic mineralisation of organic
compounds can be generally represented as

CyHmOj NkXq + (2y − j)H2O → yCO2 + qX− + kNH3

(3)

+ (4y − 2j + m − 3k)H+ + (4y − 2j + m − 3k − q)e−,

where N and X represent nitrogen and halogen, respectively.
The numbers of carbon, hydrogen, oxygen, nitrogen, and halo-
gen atoms in the organic compound are represented with y, m,
j , k, and q , respectively.

The number of electrons (n) required for complete mineral-
isation of the organic compound can then be given as

(4)n = 4y − 2j + m − 3k − q.

Table 1 lists the organic compounds used for this study and
the number of electrons required for complete mineralisation
of each organic compound.

To evaluate the applicability of our method, we also inves-
tigated the mixture solutions containing different organic com-
pounds. Table 2 provides compositions of the mixture solutions.
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Fig. 5. A plot of net charge against the initial molar concentration for different
compounds.

Fig. 5 shows the plot of measured net charge (Q) versus mo-
lar concentration (CM) for different organic compounds and the
mixture solutions. As was shown in Fig. 4, linear relationships
between the net charge and the substrate concentration were
obtained for all cases investigated. As expected, the slope (k)
value obtained from individual case was markedly different due
to the differences in the number of electrons required for com-
plete mineralisation of 1 mol of individual organic compound.
The experimental slope of each organic compound including
the two mixture solutions was measured against their theoreti-
cal slope value; it was found that the experimental slope values
for all cases investigated were within 97.5–101% of the theoret-
ical slope values. Considering the experimental errors and the
purity of the reagents, it is reasonable to claim that complete
mineralisation was achieved for all cases.

The extent of oxidation for different organic compounds also
can be evaluated collectively by introducing equivalent concen-
tration, Ceq, which is defined as the molar concentration (CM)
multiples the number of electrons (n) required for complete
mineralisation, that is, Ceq = n · CM. The physical meaning of
this concentration unit is that the electron demands for complete
mineralisation of different organic compounds with a given Ceq
are the same regardless of their identities, molecular sizes, and
chemical structures. In other words, this unit conversion nor-
malises the molar concentration into a noncharacteristic con-
centration. With such a concentration unit, Faraday’s law can
be given as

(5)Q = nFV CM = FV Ceq.

That is, for different organic compounds, if complete min-
eralisation is achieved, then a plot of the net charge against the
Ceq for all organic compounds should fit into a single straight
line with a unity slope of k = FV = 1.254 × 10−3 mC/µEq.
Fig. 6 shows the Q/Ceq relationships for different organic com-
pounds. All compounds investigated can be fit into a straight
line. The experimental slope value obtained from the line of
the best fit was 1.225 × 10−3 mC/µEq (with R2 = 0.986),
which is almost identical to the theoretical slope value, indi-
cating complete mineralisation of all organic compounds. The
Fig. 6. A plot of net charge against the initial equivalent concentration for dif-
ferent compounds.

data distribution along the theoretical line were slightly differ-
ent for different compounds due to the edge effect differences,
because for a given equivalent concentration, the correspond-
ing molar concentration of different compounds can be 15 times
different.

Further experiments were carried out to examine the situa-
tion with different organic compounds coexisting in a sample
solution. Two different mixture solutions containing different
organic compounds were used for this investigation (see Ta-
ble 2). The calculated noncharacteristic electron transfer num-
bers (n) for mixture solutions (1) and (2) were 17.0 and 19.2, re-
spectively, assuming that all organic components in the sample
were completely mineralised. As shown in Fig. 6, the Q/Ceq
relationships obtained for both mixture solutions were almost
identical to those obtained from single organic compound so-
lutions, indicating that all organic components were fully oxi-
dised and that the coexistence of different organic compounds
does not affect the photocatalytic degradation process under ex-
haustive degradation conditions.

3.4. Kinetics of photocatalytic degradation in thin-layer cells

The kinetic rate expression can be mathematically obtained
if a set of appropriate boundary conditions can be defined. Nev-
ertheless, defining the boundary conditions for a given reaction
system leading to an exact mathematic solution can be difficult,
especially with a thin-layer cell, in which the boundary condi-
tions depend on geometry and dimension of both the working
electrode and the cell [15]. To avoid this problem, for this study,
a computer simulation method was used to obtain the kinetic
rate expression.

Under the experimental conditions used in this study, the
overall reaction is under the control of interfacial photohole
capture process [20,21,34]. Therefore, the photocurrent (Iph)
obtained represents the instant rate of photohole capture, which
in turn represents the instant rate of the overall photocatalytic
oxidation [20,21,34]. This provides a base for obtaining the ki-
netic rate expression from photocurrent profiles. In this study,
photocurrent profiles obtained from the thin-layer cell for all
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Fig. 7. Experimental photocurrent decay profiles and fitting curves: (a) 20,
(b) 80, (c) 200 µM of sodium hydrogen succinate.

organic compounds investigated were found to be smoothly de-
cayed with time (Fig. 3). All photocurrent profiles obtained
from a wide range of substrate concentrations can be fitted to
a double-exponential expression,

(6)Iph = I0 + k1 exp(−k2t) + k3 exp(−k4t).

Fig. 7 shows a set of typical curve-fitting results. It can
be seen that the experimental curves fit well with Eq. (6).
The double-exponential photocurrent decay implies that two ki-
netic processes occur simultaneously during the photocatalytic
degradation of organic compounds in the thin-layer photoelec-
trochemical cell. In Eq. (6), I0 is a constant, and its value is
independent of the type of organics and concentrations, which
can be assigned to the photocatalytic oxidation of water. k1 and
k3 are the pre-exponential factors, the values of which should
change with the initial concentration in the cell and the quan-
tity of organic compounds at the electrode surface. The absolute
values of k1 and k3 represent the instantaneous initial rate of re-
action; k2 and k4 are the exponential decay constants or rate
constants.

The pre-exponential constant k1 varied linearly with initial
molar concentration for all organic compounds investigated.
The slopes of different organic compounds differed greatly due
to the different numbers of electrons transferred. But plotting k1
against Ceq (nonspecific concentration) showed significantly re-
duced differences in the slope values among different organics
as the differences in electron number were normalised (Fig. 8),
indicating that the chemical structure of the organic compounds
has little influence on the initial reaction rate of the first kinetic
component. It can be seen from Fig. 8 that the slope for oxalic
acid at concentrations >500 µEq is higher than that of all other
organics, due to the current doubling effect [21,35]. It also can
be seen that a common intercept appears for all cases, due to
the photocatalytic oxidation of water.

For a given organic compound, the exponential decay con-
stant, k2, was found to initially decrease with concentration,
then reach a constant value at high concentration range. The
values of k2 for different compounds were dramatically dif-
ferent at the same initial molar concentration. When the con-
centrations were normalised to nonspecific concentrations, Ceq,
Fig. 8. A plot of k1 against equivalent concentrations for different compounds.

Fig. 9. A plot of k2 against equivalent concentrations for different compounds.

the values of k2 obtained were very close for all organic com-
pounds investigated and with the same variation trends shown
in Fig. 9. This indicates that the photohole demand is a decisive
factor in the kinetics of photocatalytic degradation of organic
compounds. If photohole supply (proportional to the light inten-
sity) is sufficient for the photohole demand, then the chemical
identity of an organic compound has little influence on the pho-
tocatalytic degradation kinetics.

The constant k3 is the pre-exponential factor for the fast
photocatalytic process. Fig. 10 shows the plot of k3 against
Ceq for different organic compounds. As shown, the weak
adsorbates and strong adsorbates exhibited very different be-
haviours. For the weak adsorbates (e.g., methanol, glucose,
p-chlorophenol), k3 values were virtually independent of con-
centration and smaller than those of the strong adsorbates. In
contrast, for strong adsorbates (e.g., phthalic acid, oxalic acid,
malonic acid, succinic acid, glutaric acid), the k3 values were
largely dependent on the concentration. Plotting the k3 against
the Ceq gives similar trends of variations for all strong adsor-
bates. For these strong adsorbates, the k3 initially increased
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Fig. 10. A plot of k3 against equivalent concentrations for different compounds.

Fig. 11. A plot of k4 against equivalent concentrations for different compounds.

with concentration and reached a maximum, then decreased in
the high concentration range. The peak concentrations for dif-
ferent compounds were slightly different, varying from 1400
to 2000 µEq. Clearly, the value of k3 is related to the amount
of the surface adsorption. The increase in the value of k3 at
low concentration was due to the increased amount of surface
adsorption. However, the decrease in the value of k3 at high
concentration range was not caused by decreased adsorption;
rather, it was due to the accumulation of the adsorbed substrate
and/or its intermediates. Similar trends of variation of k3 with
the same Ceq for different strong adsorbates again suggest that
the total photohole demand is a decisive factor.

The constant k4 is the fast exponential decay constant.
Fig. 11 shows the plot of k4 against Ceq for different organic
compounds. It can be seen that the trends of variation are al-
most identical to those obtained in Fig. 9 for k2, suggesting the
total photohole demand (rather than chemical identities of or-
ganic compounds) is the decisive factor in the photocatalytic
degradation kinetics. It also can be seen that k4 values are 10–
25 times larger than the k2 values of a organic compound at
corresponding concentrations, indicating that the kinetic rate
for the second exponential component is faster than that for the
first exponential component. It should be noted that as the con-
centration increased, k4 gradually decreased and approached
the value of the slow exponential decay constant, k2, at very
high concentrations.

4. Conclusion

The experimental results show that our proposed photoelec-
trochemical method is a simple, rapid, and effective approach to
quantitative studies of the photocatalytic degradation behaviour
of organic compounds on nanoporous TiO2 film electrodes in a
thin-layer photoelectrochemical cell. The rate of water photo-
catalytic oxidation is independent of the type and concentration
of organic compounds present. Photoelectrochemical quantifi-
cation of the extent of degradation of different organics and
their mixtures found that complete mineralisation was achieved
for all cases investigated. A double-exponential kinetic rate
expression was obtained by computer-fitting the experimen-
tal photocurrent profiles. The common intercept represents the
photocatalytic oxidation of water. The slow exponential decay
component indicates a slow photocatalytic process that can be
assigned to interfacial kinetics-related reaction processes. The
rate of the slow kinetic process is similar for different electron
donors. The pre-exponential constant, k1, is directly propor-
tional to the substrate concentration. Except for oxalic acid in
the high concentration range, all other organic compounds have
similar k1 values at a given equivalent concentration. The slow
exponential constant, k2, is independent of the size and chem-
ical identities of organic compounds. The fast exponential de-
cay component indicates a fast photocatalytic process that can
be assigned to the surface-related reaction processes. The pre-
exponential constant, k3, depends strongly on the adsorbability
of the organic compounds; nevertheless, the fast exponential
constant, k4, is independent of adsorbability. The values of k4

are 10–25 times larger than those of k2 for a organic compound
at corresponding concentrations.
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