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a  b  s  t  r  a  c  t

Photoactivity  of  S-doped  nanoporous  carbons  was  tested  using  photocurrent  generation,  cyclic  voltam-
metry  and photodegradation  of  methylene  blue  (MB)  under  artificial  solar  irradiation.  The results  were
compared to  those  obtained  on unmodified  carbons  and on  commercial  TiO2.  A significant  generation
of  photocurrent  at visible  and NIR radiation  from  400  to 1200  nm  was  found.  An exposure  to  ambient
light  has  a strong  effect  on an  open  circuit  potential  indicating  the strong  activity  of  S-doped  carbons
in oxidation  reactions.  The  activity  in the process  of MB  degradation  was  about  2.2  and  1.9  higher  than
that  obtained  on  a commercial  TiO2. The  extent  of photoactivity  depends  both  on the  composition  of  the
activated  carbon  and  on  the sulfur  content.  The  results  suggest  that incorporation  of  sulfur  decreases  the
energy band  gap  in  activated  carbon.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

The sun energy harvesting and its technological usage are
one of the challenges of contemporary science and engineer-
ing [1,2]. Solar energy is produced by photovoltaic devices using
semiconductor-based materials such as silicon, carbon, titanium
dioxide or zinc oxides. Semiconductors and quantum dots of spe-
cific band gap energy are widely explored in order to increase
the quantum efficiency of energy conversion [1].  Even though
an activated carbon addition to titanium oxide has been studied
previously with the intention to enhance the charge separation
and decrease the particle size of the semiconductor [3–6], recent
developments in graphene science directed the attention of scien-
tist to graphene-semiconductor composites as photocatalysts for
solar energy conversion and visible light water splitting reactions
[7–10]. Recently Yeh et al. reported the semiconductor properties
of graphene oxide (GO) and their application to hydrogen pro-
duction from water splitting process [11]. The photoactivity of
GO was linked to its high dispersion in water and the presence
of oxygen groups. Some unspecified groups, not reduced during
irradiation process were suggested as responsible for a sustained
gap width. That initial band gap was evaluated to be between 2.4
and 4.3 eV. The catalytic properties of activated carbons toward
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formation of oxygen superions taking an important part in oxida-
tion reactions were investigated by Strelko et al. [12] and Matzer
and Boehm [13]. Theoretical calculations indicated that incorpora-
tion of certain nitrogen or phosphorus groups decreases the energy
gap from 4.8 to 2.88 eV and thus increases the catalytic reactiv-
ity of carbons. One of the important applications of this catalytic
activity, which can only gain from engagement of photoactivity,
is degradation of organic contaminants on activated carbons. Up
to now TiO2 is the best photocatalyst, however it is only photoac-
tive under UV irradiation, which clearly limits its usage in water
photodetoxification under real solar conditions [14]. Previous stud-
ies have shown that an introduction of oxygen groups to carbon
surfaces not only plays a photo-assisting role and enhances TiO2
photoactivity in the degradations of various organic contaminants
[15–19] but also enhances hydrogen photoproduction by water
splitting [20] under artificial solar conditions. Recently, the direct
photoactivity of activated carbons in UV range was reported by
Velasco et al. [21]. Also, Wang et al. [22] and Zhang et al. [23] have
showed that graphitic carbon nitrides structures are photoactive
under visible light for the hydrogen evolution. Selective oxidation
of benzene to phenol was investigated on this kind of materials by
Chen et al. [24]. Although a possible decrease in the energy gap
caused by introduction of sulfur heteroatoms to a carbon matrix
has been hypothesized by Strelko et al. [12], to the best of our
knowledge, the present work is the first report on the direct semi-
conductor photoactivity in visible light of sulfur-doped activated
carbons. Very high activity of these kind of carbons for oxidation
reactions of ammonia [25] or arsine [26] was reported previously
and the activation of oxygen to superoxygen ions as active species
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in these surface oxidation reactions was hypothesized. Having this
in mind, a direct proof of the photoactivity of S-doped carbon is
presented in this communication. It is based on the analysis of
their capability for photocurrent generation, of photoelectroche-
mical performance and of the photodegradation of methylene blue
(MB) under artificial solar irradiation.

2. Experimental

2.1. Materials and synthesis of S-doped carbons

Two as-received carbons and their sulfur-doped counterparts
are analyzed in this work. Their properties were described in detail
elsewhere [27,28]. The initial carbons are referred as B (BAX-1500
commercial Mead Westvaco) and C (home-made from polymeric
salt [29]), respectively and their sulfur doped counterparts as B-S
and C-S. For comparative reasons TiO2 P25 (Degussa) was employed
as photocatalyst [15–20].

2.2. Characterization

Nitrogen adsorption isotherms were measured on ASAP 2010
and surface areas (SBET), micropore volume (Vmic), mesopore vol-
ume  (Vmes), total pore volume (Vt) and pore size distributions
(PSDs) were calculated [27,28]. The system used to measure the
photocurrent is described by Zhang et al. [30]. The photocurrent
spectra were measured using white light from Quartz Tungsten
Halogen lamp with a computerized Triax 320 monochromator.
Selected wavelengths from 300 to 1300 nm were focused into the
samples pellets to a spot size of 3.3 mm.  Photocurrent was  recorded
using a Keithley 236 and the power was measured with a New-
port 1836 power meter. Cyclic voltammograms were measured in a
three-electrode cell with Ag/AgCl as a reference electrode in visible
light without any significant optimization of the photons energy.
0.5 M Na2SO4 was used as electrolyte with the scan rate of 5 mV/s.
The electrodes were prepared [31] by forming a suspension of the
carbon materials with polyvinylidene fluoride (PVDF) and commer-
cial carbon black (carbon black, acetylene, 50% compressed, Alfa
Aesar) (8:1:1).

2.3. Photocatalytic tests

Photodegradation of methylene blue (MB) was evaluated in a
batch photoreactor (open to air cylindrical flask made of Pyrex
with a bottom optical window of 6 cm diameter [18]). Irradiation
was provided with a metal halide lamp. Photons flux of the lamp
was 1.44 × 1017 photons cm−2 s−1 (90% in the visible region). Irra-
diation was filtered by a circulating water cell (thickness 2.0 cm)
to remove IR beams thus preventing any heating of the suspen-
sion. Samples were held in dark for 60 min  to reach adsorption
equilibrium before irradiation. Photocatalytic tests were per-
formed at 25 ◦C with samples dispersed in 125 mL  of 25 ppm
(78.2 �mol/L) methylene blue solution (MB). Kinetic of pho-
todegradation (Fig. 3) was measured for 4–6 h, depending on the
sample. After centrifugation (2000 rpm, 5 min) MB  aliquots (2.0 mL)
were filtered and analyzed by UV-spectrophotometer at 664 nm
(Perkin Elmer, �-35).

3. Results and discussion

3.1. Characterization

3.1.1. Porous structure and surface chemistry
The important information about porosity and surface chem-

istry is summarized in Table 1 and Fig. 1. The results indicate that

Fig. 1. Pore size distributions of the carbons studied.

C carbons are more microporous than the B samples and that the
treatment with sulfur did not change significantly the porosity of
the C sample. On the other hand, the porosity of the B sample is
affected significantly. After the incorporation of sulfur the volume
of pores smaller than 10 Å significantly increased while the volume
of mesopores decreased (Fig. 1). During the treatment applied some
oxygen groups were decomposed giving free active sites for sulfur
incorporation [27,28]. Moreover, the aromaticity of the B-S carbon
increased after the doping process since the B sample was  man-
ufactured at low temperature (∼600 ◦C while the treatment with
H2S was  at 800 ◦C). XPS analysis [25,29] indicated that in the case
of the C-S carbon sulfur is mainly in thiophenic configurations. It
is important to mention that a small amount and thus highly dis-
persed sulfur is also present in the C carbon but the majority of
sulfur species is in sulfonic acid functional groups [25,29]. They are
responsible for acidity of this carbon and may  also contribute to its
reactivity under irradiation in a similar manner as reported else-
where by Matos et al. for the case of oxygenated functional groups
[15,17].

3.1.2. Photocurrent measurements
The magnitude of photocurrent generation as a function of �

in our materials upon direct irradiation is presented in Fig. 2. As

Fig. 2. Photocurrent generated by the carbons studied.
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Table 1
Parameters of porous structure and surface chemistry for the carbons studied.

Sample SBET (m2/g) Vt (cm3/g) Vmes (cm3/g) Vmic (cm3/g) C (%) Oa (%) S (%) S1b (%) S2c (%) pH

C 1287 0.902 0.433 0.419 88 11 0.8 50 50 4.7
C-S 1354 0.945 0.455 0.490 92 5 3.1 73 27 7.8
B 2053  1.520 1.072 0.449 74 22.6 0 NA NA 7.0
B-S  1500 1.048 0.672 0.376 90 6.5 2.1 NA NA 7.3

NA: not analyzed.
a B series carbons contain about 1 wt% phosphorus [27].
b Contribution of at.% of sulfur in thiophenic species.
c Contribution of at.% of sulfur in oxidized species (sulfoxides, sulfone, sulfonic acids).

seen all samples exhibit the photoactivity and the generation of the
current is detected in the whole spectral range. When the exper-
iment was done with blocked light no current was  detected. That
extent of photoactivity was found to decrease when the experi-
ments were repeated with half an hour intervals. Interestingly, after
longer time intervals (days) the magnitude of photocurrent gen-
erated increased, although it remained lower than that reported
initially. Even though these experimental results suggest some
instability of carbons under irradiation, which was  in fact expected
taking into account their reactivity in ambient air [27,28], the flat
photocurrent response and the time related recovery are an inter-
esting aspects worth of further study. In the experimental set up
used in our study the magnitude of photocurrent cannot be directly
linked to the extent of photoactivity since other factors such as the
speed of the electron–hole recombination process, conductivity of
the materials and density of the pellets and the light absorbing char-
acter play a role. Here we use the data collected in Fig. 2 to directly
show the ability of our carbons to generate the current in the whole
irradiation energy range. This is in contrast to the reference solar
cell where the maximum of photoactivity is usually observed in
the spectral range. This is also a case for titania whose photoac-
tivity exhibits a maximum at 530 nm in a visible light range and
is dependent on the sizes of the particles [32]. Interestingly, the
photoactivity for B carbon exhibit a different behavior than those
for other samples studied. It is least affected by the time interval
between the exposures. All other samples containing sulfur show
the much stronger effect, especially B-S. This must be explained
by light trapping in their pores where sulfur functional groups are
present along with the oxygen. Generation of holes and electrons,
besides contributing to the measured current also affects surface
chemistry. Some electrons likely reduce oxygen groups, whereas
holes may  contribute to oxidation, especially when water is present
in the pores, which is usually a case in ambient air. Moreover, if sul-
fur is able to activate oxygen, as suggested previously [27,28],  and
thus causes formation of superoxygen ions, holes should take part
in their oxidation. This process, although crucial for photocatalysis,
must limit the extent of photocurrent measured, especially when
the conductivity is limited and this should be expected in carbons
with high content of heteroatoms. When irradiation is stopped and
the carbons are exposed only to ambient air, those freshly reduced
surface centers are more active for oxidation by ambient oxygen. In
such a process the partial recovery is achieved. This suggests that
both, sulfur and oxygen might have a complex contribution to visi-
ble light activity of carbonaceous materials. To test this, the activity
in the confined space of nanopores where those holes and elec-
trons are trapped owing to limited conductivity of carbons should
be analyzed and the results of such tests are addressed below.

3.1.3. Cyclic voltammetry
The comparison of cyclic voltammograms for all samples

studied is presented in Fig. 3. 0.5 M Na2SO4 was  used as electrolyte
with the scan rate of 5 mV/s. As seen, significant differences in
the photoelectrochemical performance exist. The comparison of
the capacitance charge stored values is presented in Fig. 3d. The

introduction of sulfur alters the charge storage capability and
interestingly, no clear trend can be established and two  series
of samples exhibit the opposite behavior. While incorporation of
sulfur to the C sample decreases its capacitance, an increase is
noticed in the case of the B-S sample. Since the charge storage
in carbons is a complex phenomenon involving their porosity,
chemistry, location of functional groups, pore size distribution and
conductivity [31,33] and those features certainly change after the
treatment, the analyses of the capacitive behavior were beyond the
scope of this communication. The stability of the system can also
play a role here. Therefore for the purpose of this analysis we will
take a close look on the shape of the CV curves. Here differences
are seen in the extent of Faradaic redox reactions represented as
humps on CV curves. Although these humps are not expected in
neutral electrolyte [34] their existence indicates occurrence of
surface reactions [33], not necessary with the involvement of the
electrolyte. While for the S-doped carbons the humps are more
pronounced in dark, for the C and B carbons the humps are more
pronounced when experiments were performed in the light. Those
redox processes likely involve surface functional groups and they
have their contribution to the capacitance measured. It is possi-
ble that either pyrone functionalities or quinone/hydroquinone
formation [35,36], especially in the case of the untreated sam-
ples, or oxidation/reduction of some thioles/sulfoxides (sulfones,
sulfonic acids) takes place. The question why these processes are
suppressed in light on S-doped carbons needs to be answered
and the answer is likely in the generation of electron–hole pairs
in these materials upon visible light exposure. The holes likely
recombine with the charge generated upon the potential increase
and thus limit the surface redox reactions. The electrons, besides
reduction of surface groups can contribute to the activation of the
chemisorbed oxygen [12,13]. This may  lead to a lower capability
for the charge storage as found for C-S. On the other hand, this
recombination process does not take place in sulfur-free carbon
and therefore the pseudocapacitance contribution is higher in
visible light on this material. The explanation of the much higher
capacitance on B carbon in light than in dark (much less difference
exists for C carbon) is still an open question. Over a 30% increase
in the capacitance in light compared to dark can be only explained
by an increase in pore accessibility or a decrease in a diffusion
limitation for ions. This carbon contains a significant quantity of
oxygen (Table 1) and is very susceptible for oxidation [37]. It is
possible that active oxygen formed during light exposure and/or
holes oxidized the surface, some functional groups are removed as
CO2 (bubbles were noticed at the electrode) and the pores become
more accessible. A higher capacitance measured in light on the
C-S carbon than in dark is attributed to photogeneration of charge
promoted by sulfur species. An opposite effect found for B-S where
light decreases the capacitance must be attributed to much greater
pseudocapacitance of this carbon compared to C-S seen as intense
humps on the CV curves. That pseudocapacitance might decrease
when sample is exposed to light as a result of reduction of the
oxygen groups by photogenerated electrons and recombination of
electron and holes in light results in an apparent decrease in charge
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Fig. 3. (a) The CV curves for the C series of samples; (b) the CV curves for the B series of samples; (c) the CV curves for titania P25; (d) comparison of the charge generated
on  all samples during the CV measurements; (e) comparison of the open circuit current potential.

storage. In the case of titanium dioxide (Fig. 3c) a typical CVs curves
are obtained [38–40] with a slight increase in the magnitude of
current generated in light. As expected, the capacitance values are
very low compared to the carbons owing to small surface area.

The comparison of the open circuit potential (OCP) vs SHE mea-
sured in dark and light is presented in Fig. 3e. Only for the initial C
carbon the positive values were measured. This carbon significantly
differs in surface chemistry from other carbons and exhibits quite
acidic surface (Table 1). The negative values obtained for other car-
bons and titanium dioxide indicate that they work as anodes vs SHE
and oxidation reactions are expected to take place. Even though
the effect of the light exposure on OCP of P25 titanium dioxide is
noticed, it is rather small and light increases the measured OCP (it
is slightly less negative than that in dark). The most negative values
are found in light for carbons containing sulfur with the most dra-
matic effect for the C-S carbon. For this material also the difference
of OCP in light and in dark is the largest, which suggests it highest
photoactivity. For the B-S sample also a decrease in OCP is found
in light but it is much less pronounced than that for the C series of
samples. Interestingly, when the pH values of the solution before
and after ten CV cycles were compared a significant increase in the
pH, 1.1 units was found for the C-S carbon measured in light. That
increase for B-S was 0.89 units. Increases in dark were only 0.69 and
0.67 unit for C-S and B-S, respectively. This suggests involvement
of the electrolyte in redox reactions taking place in visible light.
It is likely caused by reduction of sulfur by electrons generated in
the system. This might suggest that holes contributed to another
process as oxidation of water or/and oxidation of carbon surface.

3.1.4. MB adsorption in the dark and photodegradation
Preliminary adsorption experiments were performed in dark to

determine the weights of samples, which should be used to obtain
comparable amounts of MB  adsorbed in order to compare correctly
the photocatalytic activity discussed below. These weights were
6.3 mg  for activated carbons and 62.5 mg  for TiO2 and the differ-
ences are related to the porosity of materials and their ability to
interact with MB.  Fig. 4a shows the kinetics of MB adsorption in
the dark. The initial rate of adsorption of MB  on TiO2 (P25 from
Degussa) (0.254 �mol  min−1) is clearly higher than those obtained
on other samples. Interestingly, even though about 6 wt%  oxygen
is present in the S-doped carbons (Table 1) they appear to be
extremely hydrophobic materials. This initial trend is consistent
with observed very high hydrophobicity of the S-doped carbons
as opposite to well-known hydrophilicity of titanium dioxide [41].
The C sample is also quite hydrophilic owing to the presence of
sulfonic groups. For hydrophobic carbons with the high sulfur con-
tents, the results suggest that an increase in the sulfur content and
in the surface pH have a positive effect on the rate of adsorption. It
can be seen from Fig. 4a that after 60 min  of the dark exposure to
MB equilibrium was  reached with the amounts adsorbed of about
36%, 13%, 28%, 20%, and 22% for C, B, C-S, B-S, and TiO2, respectively.
It can be noted from Fig. 4a that most of kinetic of adsorption in the
dark have achieved the equilibrium after 60 min because no change
in the concentration of MB  is detected between 60 and 90 min. The
only exception to this was  the B-S sample which only adsorbed 2%
more MB  between 60 and 90 min. However, this very low adsorp-
tion value did not affect the kinetic of photodegradation (discussed
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Fig. 4. (a) Kinetics of methylene blue adsorption in the dark; (b) kinetics of MB  photodegradation under irradiation with artificial visible light; (c) linear regression from data
from  (b).

below), because it can be seen from Fig. 4b that in the first 5 min
of irradiation, the B-S sample showed about 11% of MB  conversion.
In short, 11% of MB degradation in only 5 min  of irradiation means
about 100 times higher MB disappearance than 2% of MB  adsorption
between 60 and 90 min  of adsorption.

Per unit mass all activated carbons adsorbed much more MB
than TiO2-P25 which was expected taking into account the differ-
ences in a surface area and porosity (SBET for TiO2-P25 is about
50 m2/g [41]). Even though the surface of B-S is higher than of C-S
the volume of micropores for the latter sample is higher and thus is
the amount of MB  adsorbed. Interestingly the ratio of the amount
of MB  adsorbed on both carbons follows the ratio in the volumes of
micropores, ∼1.3. This is explained by well-known phenomenon of
the overlapping of the adsorption potential in pores similar in size
to adsorbate molecule [42]. The small amount adsorbed on the B
sample can be explained by its high content of oxygen blocking the
access of MB to small pores and also creating the hindrance for its
more energetically favorable position on the surface. On the other
hand, the large amount adsorbed on the C carbon compared to C-S,
even though their porosity is similar can be linked to surface acid-
ity, MB  has a basic nature and it is expected to be stronger attracted
to acidic sites.

When the photodegradation of MB  was carried out at the same
conditions without the presence of the photoactive solid [17,18]
a direct photolysis was negligible. Fig. 4b shows the kinetics of
MB photodegradation when the carbons and titania are present
in the system. In Fig. 4c the linear regression of the kinetic data
is presented. A summary of the kinetic results for the photodegra-
dation of MB  such as initial rate (vo), relative initial activity (vrel),
apparent first-order rate constant (kapp), and photoactivity (�photo)
is included in Table 2. The results suggest that C-S is slightly more
photoactive than B-S and both of them are clearly more photoactive
than TiO2 alone. Even the C sample, which contains 0.8% sulfur, is
found to be more photoactive than TiO2. Total disappearance of MB
from solutions with dispersed S-doped carbons is found after 4 h
while TiO2 requires at least about 6 h. It has to be mentioned here
the kinetic experiments in dark showed the comparable efficiency
of MB  removal on all three sulfur containing samples and tita-
nia (20–36%). Previous results obtained at the same experimental
conditions on non-doped home-made activated carbons of simi-
lar porosity to that of the carbons studied here [17] showed a lack
of photoactivity for MB  degradation under the same artificial solar

light. Our results demonstrate that both S-doped AC are photoactive
and this photoactivity is even higher than that of TiO2. Comparison
of the kinetics results in Table 2 shows that initial rates (vo) on
C-S and B-S are 2.1 and 1.9 higher relative to that found for TiO2.
In addition, it should be also pointed out here that considering the
apparent first-order rate constant (kapp) estimated from the first 2 h
of reaction, the photoactivity (�photo) of the C-S and B-S samples are
2.2 and 1.9 higher compared to that of TiO2. The main intermedi-
ate products of MB photodegradation were previously reported by
Herrmann and co-workers [43]. In addition, the similarity between
vrel and �photo values (Table 2) indicates that the intermediates
formed during the degradation reaction do not affect the pho-
toactivity of the S-doped carbons. This is a consequence of the
capability of S-doped carbons to adsorb continuously basic organic
compounds such as MB,  as discussed above. A similar behavior was
reported for the consecutive photocatalytic runs during the phenol
photodegradation on a binary TiO2-activated carbon catalyst [44]
where intermediates produced during reaction only affect lightly
the photoactivity after the third photocatalytic run. Since there is
no diffusion limitation for the MB  adsorption from solution to the
AC surface, photoactivity is not affected during reaction or in other
words, photocatalyst is not deactivated during reaction [44].

3.1.5. General discussion
An activated carbon consists of a complex matrix, and in spite of

the fact that the higher sulfur content apparently results in higher
photoactivity, this photoactivity is affected not only by S contents,
but also by the pore size distribution and surface pH [14–20].  The
latter is strongly affected by the oxygen content. We  do believe
that surface pH and pore size distribution affect the photoactivity
because photoreactions can occur both on the surface and within
the pores, especially those of small sizes. These micropores, besides
being able to absorb photons and to work as unique microreactors
for their complex chemical activity involving electron–hole forma-
tion, are able to capture the intermediates formed during reaction
[44]. Thus photodegradation of the intermediates can take place at
the same sites where they are formed without a complex diffusion
to the surface. In this process, the limited electric conductivity of
the carbon matrix discussed above can be a plus.

We  suggest that sulfur functional organic groups such as sul-
fur in aromatic rings, sulfoxides, sulfones [45] are responsible the
photoactivity of the S-doped activated carbon. The materials work
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Table 2
Summary of kinetic results for the MB  photodegradation.

Sample vo
a (�mol  L−1 min−1) vrel

b kapp × 10−3 c (min−1) Rd �photo
e

C (6.3 mg)  0.291 1.04 6.00 0.97400 1.3
C-S  (6.3 mg) 0.579 2.1 10.28 0.96932 2.2
B  (6.3 mg) 0.262 0.93 4.00 0.98700 0.87
B-S  (6.3 mg)  0.536 1.9 8.56 0.99165 1.9
TiO2 (62.5 mg)  0.281 1.0 4.61 0.98487 1.0

a Initial rate estimated from Ceq·kapp, where, Ceq is the MB concentration in solution after achieving the equilibrium of adsorption in the dark.
b Relative initial activity obtained from vo-AC/vo-TiO2

.
c Apparent first-order rate constant for the MB  photodegradation (kapp).
d Square regression factor obtained from OriginLab statistics (R-square).
e �photo defined as the photoactivity relative to TiO2 obtained from kapp-AC/kapp-TiO2

.

apparently better than titania. Their black nature and hydropho-
bicity cause that all the visible energy is harvested in the pore
system. Incorporation of sulfur likely decreases the band gap and
electron–hole pairs are formed. The physics of band-gap shrink-
age in materials, ranging from nano-crystals to nano-composites
have been investigated [46–52].  It is widely accepted that band-
gap shrinkages occur due to electron–impurity interactions as well
as Coulomb-interaction between carriers. Grein and John [52] sug-
gested that the interaction between electron and acoustic-phonon
as well as interaction between electron and static-disorder results
are responsible for downshift of the band-gap. The impurities and
heterojunctions in our case are those linked to sulfur doping. The
phonon-confinement in the small pores sizes can also play an
important role in downshifting the band-gap energies in S-doped
carbon. The limited conductivity of carbon phase promotes charge
transfer and its hydrophobic nature results in a strong attraction of
organic species. Their degradation can occur via electron transfers
from the molecule to the surface where hole is located. Electrons
generated likely help in this via activation of oxygen, which should
significantly contribute the degradation of adsorbates. However,
elimination of oxygen in this process can have negative effect on
the generation of active oxygen farther participating in oxidation
reactions. This process reflects in the parabolic curves representing
the kinetics of photodegradation.

4. Conclusions

The present results have a potential to open a new path for
energy harvesting technology where inexpensive and easily pro-
duced materials, S-doped activated carbons can be used. The
present results suggest that photocatalyst in visible light can be
optimized to reduce the costs of energy consumption. The photo-
current results indicate that both, sulfur and oxygen have a complex
contribution to visible light activity of carbonaceous materials. The
CV studies imply that holes in sulfur-doped carbons contributed to
oxidation of water or/and oxidation of carbon surface. Obviously,
the stability of activated carbons upon irradiation can be a prob-
lem but this issue can be addressed by detailed study directed
toward the stability of their surface upon oxidation. This can be
achieved by inactivation/saturation of their surface centers con-
tributing to redox reactions. Its black character helps in harvesting
solar spectrum, electron–hole pairs are formed and limited electric
conductivity traps charge in the porous structure. Thus, a system of
unique nanoreactors is formed as suggested by the clear increase
in the photoactivity for the degradation of MB  in comparison to
commercial TiO2. The extent of the study toward DC conductiv-
ity improvement depends on the target application. Apparently
for energy harvesting conductivity should be increased increas-
ing the graphitization level but for the photocatalytic processes
trapping generated electrons and holes in the pore system can be
a plus.
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