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ABSTRACT: Dye sensitization is a promising strategy to extend the visible
light absorption of carbon nitride (C;N,) and increase the photocatalytic
hydrogen evolution efficiency of C;N, under visible light irradiation.
However, the interaction dynamics between C;N, and a sensitized dye has
not been reported in the literature. Herein, we selected four commonly used
xanthene dyes such as fluorescein, dibromofluorescein, eosin Y, and
erythrosine B and prepared their corresponding dye-sensitized-C;N,
composites. For the first time, we derived the electron transfer rate from
the LUMO of each photoexcited xanthene dye to the conduction band of
C;N, using picoesecond time-resolved fluorescence measurements. We also
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obtained the reduction potentials of all selected xanthene dyes and C;N, ¢ 5 100 5 100 5 10

with cyclic voltammetry measurements. The cyclic voltammetry measure-
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ments gave a consistent result with the picosecond time-resolved
fluorescence measurements. Besides, the possibility of the selected xanthene dye as an acceptor for the hole of the photoexcited
C;N, was also discussed. We believe this study is significant for the researcher to understanding the fundamental aspects in the

xanthene dye-sensitized-C;N, photocatalytic systems.
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B INTRODUCTION

To efficiently convert the solar energy into hydrogen energy, a
semiconductor photocatalyst needs to have the capability of
absorbing longer wavelength light while still having a suitable
band edge to cover the water redox potential."~* Carbon nitride
(C;N,), a metal-free photocatalyst, has attracted great attention
due to its successful applications in water splitting under visible
light irradiation.”™"" However, it still exhibits relatively low
photocatalytic hydrogen evolution activity under visible light
irradiation because of its relatively large band gap (~2.7
eV).">™"° Recent studies showed that the dye sensitization is a
promising strategy to extend the visible light absorption of
C;N, and increase the photocatalytic hydrogen evolution
efficiency of C;N, under visible light irradiation.'©~**

In 2010, Takanabe et al. reported that the C;N, sensitized
with magnesium phthalocyanine can display a stable photo-
catalytic hydrogen evolution activity and it has an apparent
quantum efficiency of 0.07% at 660 nm.'® More recently, Peng
and co-workers found that the zinc phthalocyanine derivatives
can also be used as sensitizers for graphitic C;N, and the
apparent quantum efficiency of the C;N, sensitized with zinc
phthalocyanine derivatives is larger than that with magnesium
phthalocyanine.'”~*° Besides, Min and Lu reported that the
C;N, sensitized with eosin Y has an apparent quantum
efficiency of 19.4% at 550 nm.”' Meanwhile, Wang et al.
reported that the thin layer C;N, sensitized with erythrosine B
has an apparent quantum efficiency of 33.4% at 460 nm.”” Most
of these studies are focused on how to improve the
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photocatalytic hydrogen evolution activity of C;N, sensitized
with dyes under visible light irradiation; however, the dynamics
of the interaction between a dye and C;N, in the dye-
sensitized-C;N, systems has not been studied.

In this contribution, we sensitized C;N, with four commonly
used xanthene dyes such as fluorescein, dibromofluorescein,
eosin Y, and erythrosine (Scheme 1) and determined the
electron transfer rate from the LUMO of each selected

Scheme 1. Molecular Structures of Fluorescein,
Dibromofluorescein, Eosin Y, Erythrosine B, and Carbon
Nitride
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photoexcited xanthene dye to the conduction band of C;N,
with picosecond time-resolved fluorescence measurements. We
also measured the reduction potential of each selected xanthene
dye and C;N, with cyclic voltammetry measurements. The
results obtained from the cyclic voltammetry measurements are
consistent with that from the time-resolved fluorescence
measurements. The possibility of the selected xanthene dye
as an acceptor for the hole of the photoexcited C;N, was also
discussed.

B EXPERIMENTAL SECTION

Chemicals and Sample Preparation. Fluorescein, dibromo-
fluorescein, and eosin Y were purchased from Sigma-Aldrich Co. LLC
and used as received. Erythrosine B was purchased from Tokyo
Chemical Industry Co. Ltd. and used as received. The sample C;N,
synthesized at 600 °C from dicyandiamide was a generous gift from
Prof. Xinchen Wang at Fuzhou University, China. The xanthene dye-
sensitized-C;N, composite was synthesized through putting a given
amount of C3N, in a certain concentration of a selected xanthene dye
aqueous solution. After the suspension was stirred for 24 h in a black
closet, the solid sample was harvest by centrifugation and dried in a
vacuum oven at room temperature.

Experimental Methods. The UV—vis diffuse reflectance spectra
were recorded on a Shimadzu UV-3600 spectrophotometer equipped
with a diffuse reflectance accessory, where their absorption spectra
were referenced to BaSO,. The X-ray diffraction patterns were
recorded on a Shimadzu XRD-7000 diffractometer using Cu Ka as the
X-ray radiation (1 = 1.54056 A) under 40 kV and 30 mA. The cyclic
voltammograms were recorded on a BAS ECepsilon electrochemistry
workstation. In the cyclic voltammetry measurement, a three-electrode
system was used, which includes a bare glassy carbon electrodes
(diameter = 3.0 mm) as a working electrode, an Ag/AgCl electrode as
a reference electrode, and a platinum wire as a counter electrode. The
fluorescence decays were measured using a homemade time correlated
single photon counting apparatus. Briefly, the second harmonic (395
nm) of the output of a Spectra Physics 1 kHz amplified Ti:sapphire
laser or the output (460—560 nm) of an OPA pumped by a Spectra
Physics 1 kHz amplified Ti:sapphire laser was used as the excitation
source. The emission was collected and sent into a Princeton
Instruments SP2358 monochromator and detected with a Hamamatsu
R3809U-50 MCP-PMT. Next the signal from the R3809U-50 MCP-
PMT was amplified by a Becher & Hickl GmbH HFAC-26
preamplifier. Then the output of the HFAC-26 preamplifier and the
output of a fast PicoQuant TDA 200 photodiode were, respectively,
connected to a Becher & Hickl GmbH SPC-130 module as the start
and stop pulses. The instrumental response function (IRF) of this
setup was about 70 ps.

B RESULTS AND DISCUSSION

Figure 1 shows the UV—vis diffuse reflectance spectra and X-
ray diffraction patterns of fluorescein-C;N,, dibromofluor-
escein-C;N,, eosin Y-C;N,, and erythrosine B-C;N, compo-
sites. The UV—vis diffuse reflectance spectrum and X-ray
diffraction pattern of C;N, alone were also shown in Figure 1 as
references. From Figure 1A, it is found that all selected
xanthene dyes can extend the visible light response range of
C;N,. The C;N, sensitized with erythrosine B has the strongest
absorption in the visible wavelength region, while the C;N,
sensitized with fluorescein has the weakest absorption in the
visible wavelength region.

To understand the interaction between each selected
xanthene dye and C;N, in their corresponding dye-sensitized-
C;N, composites, we determined the maximal adsorption
amount of each selected xanthene dye by C;N, through
measuring the absorbance change of each selected dye solution
induced by adding a given amount of C;N,. It is derived that
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Figure 1. UV—vis diffuse reflectance spectra (A) and X-ray diffraction
patterns (B) of C;N, alone, fluorescein-C;N,, dibromofluorescein-
C;N,, eosin Y-C3N,, and erythrosine B-C;N, composites.

the maximal adsorption amount of fluorescein, dibromofluor-
escein, eosin Y, and erythrosine B by C;N, is 4.4, 3.2, 7.3, and
8.6 umol g™, respectively. The obtained 7.3 umol g~ for eosin
Y adsorbed by C;N, agrees well with the reported value of 7.66
pmol g™ by Xu et al.”* The small values of the obtained
adsorption amount for each selected xanthene dye by C;N,
agree with the X-ray diffraction measurements of fluorescein-
C;N,, dibromofluorescein-C;N,, eosin Y-C3N,, and erythrosine
B-C;N, composites (Figure 1B), where each selected xanthene
dye-sensitized-C;N, composite has an almost identical X-ray
diffraction pattern to that of C;N, alone. The strong peak
located at around 27.7° 26 is generally assigned to the (002)
stacking of polymeric or graphitic sheets,” which corresponds
to about a 0.322 nm repeat distance. The weak peak located at
around 13.0° 26 is related to an in-plane structural packing
motif,”® which corresponds to about a 0.680 nm repeat
distance.

To find out whether the electron on the LUMO of each
selected photoexcited xanthene dye can be transferred to the
conduction band of C;N, or not, we systematically recorded
the fluorescence decays of fluorescein, dibromofluorescein,
eosin Y, and erythrosine B in their corresponding saturated dye
aqueous solutions (Figure 2A) and in their corresponding dye-
sensitized-C;N,, composites (Figure 2B) with picosecond time-
resolved fluorescence measurements. The excitation wavelength
was chosen at 515 nm for fluorescein-C;N,, 530 nm for
dibromofluorescein-C;N,, 535 nm for eosin Y-C;N,, and 545
nm for erythrosine B-C;N,, respectively. The fluorescence
decays of fluorescein, dibromofluorescein, eosin Y, and
erythrosine B in their saturated dye aqueous solutions (Figure
2A) can be fitted with a single exponential decay function, while
the fluorescence decays of fluorescein, dibromofluorescein,
eosin Y, and erythrosine B in their dye-sensitized-C;N,
composites (Figure 2B) need a summation of two exponential
decay functions to be fitted. Table 1 summarized all fitting
parameters for the fluorescence decays of fluorescein,
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Figure 2. Fluorescence decays of fluorescein, dibromofluorescein,
eosin Y, and erythrosine B in their corresponding saturated dye
aqueous solutions (A) and in their corresponding dye-sensitized-C;N,
(fluorescein-C;N,, dibromofluorescein-C;N,, eosin Y-C;N,, and
erythrosine B-C;N,) composites (B).

dibromofluorescein, eosin Y, and erythrosine B in their
saturated dye aqueous solutions and in their dye-sensitized-
C3;N, composites.

It is clear that the averaged fluorescence lifetime ({7)) of
each selected xanthene dye in their corresponding dye-
sensitized-C;N, composite is obviously shorter than that in
their corresponding saturated dye aqueous solution. Two
reasons could shorten the fluorescence lifetime of each selected
xanthene dye in its corresponding dye-sensitized-C;N,
composite, one is the dye aggregation on the surface of C;N,
and the other is the electron transfer from the LUMO of the
photoexcited xanthene dye to the conduction band of C;N,. To
get rid of the effect of the dye aggregation on the fluorescence
lifetime shortening of each selected xanthene dye in their
corresponding dye-sensitized-C;N, composites, we further
prepared their corresponding dye-SiO, composite (no electron
transfer occurs) as reference and measured the fluorescence
decays of each selected xanthene dye in their corresponding
dye-SiO, composites. Figure 3A shows the UV—vis diffuse
reflectance spectra of fluorescein-SiO,, dibromofluorescein-
SiO,, eosin Y-SiO,, and erythrosine B-SiO, composites, and
Figure 3B displays the fluorescence decays of fluorescein,
dibromofluorescein, eosin Y, and erythrosine B in fluorescein-
SiO,, dibromofluorescein-SiO,, eosin Y-SiO,, and erythrosine
B-SiO, composites. From Figure 3A, it can be found that the
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Figure 3. (A) UV—vis diffuse reflectance spectra of fluorescein-SiO,,
dibromofluorescein-SiO,, eosin Y-SiO,, and erythrosine B-SiO,
composites. (B) Fluorescence decays of fluorescein, dibromofluor-
escein, eosin Y, and erythrosine B in their corresponding dye-SiO,
(fluorescein-SiO,, dibromofluorescein-SiO,, eosin Y-SiO,, and eryth-
rosine B-SiO,) composites.

maximal adsorption amount of fluorescein, dibromofluorescein,
eosin Y, and erythrosine B by SiO, is quite similar to that by
C;N,. Besides, we determined the Brunauer—Emmett—Teller
(BET) surface areas of C;N, and SiO, through measuring their
nitrogen adsorption—desorption isotherms at 77 K using a
Micromeritics Tristar II 3020 equipment and found that the
BET surface areas of C;N, and SiO, are not much different
(~25 m?/g for C;N, and ~60 m?/g for SiO,). This indicates
that the aggregation behavior of each selected xanthene dye on
the surface of C3N, is not much different with that on the
surface of SiO,. However, from the data shown in Figure 2B
and Figure 3B, it is found that the fluorescence decays of
fluorescein, dibromofluorescein, eosin Y, and erythrosine B in
their corresponding dye-SiO, composites are obviously slower
than the fluorescence decays of fluorescein, dibromofluorescein,
eosin Y, and erythrosine B in their corresponding dye-
sensitized-C;N, composites. Meanwhile from the data shown
in Figure 2A and Figure 3B, it is also found the fluorescence
decays of fluorescein, dibromofluorescein, eosin Y, and
erythrosine B in their corresponding dye-SiO, composites are

Table 1. Fitting Parameters for the Fluorescence Decay of Fluorescein, Dibromofluorescein, Eosin Y, and Erythrosine B in
Their Saturated Dye Solutions, Dye-Sensitized-C;N, Composites, and Dye-SiO, Composites

fluorescein dibromofluorescein eosin Y erythrosine B
items soln C;N, SiO, soln C3N, SiO, soln C;N, SiO, soln C;N, SiO,
a,” 1.00 0.39 1.00 1.00 0.29 1.00 1.00 0.24 1.00 1.00 0.05 1.0
7,“/ns 4.20 2.10 3.75 125 123 1.30 1.10 1.15 1.10 0.16 0.16 0.14
a,” 0.61 0.71 0.76 0.95
7,%/ns 032 025 020 0.11
(T)b/ns 4.20 1.04 3.78 125 0.54 1.30 1.10 0.43 1.10 0.16 0.11 0.14

“The errors for both the amplitudes and time constants are less than 5%. b2y = Saz,/Za,
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almost identical to the fluorescence decays of fluorescein,
dibromofluorescein, eosin Y, and erythrosine B in their
saturated dye aqueous solutions. These experimental observa-
tions indicate that the shortening of the fluorescence time of
fluorescein, dibromofluorescein, eosin Y, and erythrosine B in
their respective dye-sensitized-C;N, composites are not due to
the aggregation of the xanthene dye on the surface of C;N,.
Thus, the electron transfer from the LUMO of the photo-
excited xanthene dye to the conduction band of C;N, should
be attributed to the shorter fluorescence time of fluorescein,
dibromofluorescein, eosin Y, and erythrosine B in their
corresponding dye-sensitized-C;N, composites.

The fluorescence decays of fluorescein, dibromofluorescein,
eosin Y, and erythrosine B in their corresponding dye-SiO,
composites can also be fitted with a single exponential decay
and their fitting parameters are also summarized in Table 1.
With the data listed in Table 1, we derived that the electron
transfer rates (kgr, ker = 1/Tgecn, — 1/Tayesio,) from the
LUMO of the photoexcited fluorescein, dibromofluorescein,
eosin Y, and erythrosine B to the conduction band of C;N, are
0.7 X 10%, 1.1 X 10%, 1.4 X 10%, and 1.9 X 10° s™, respectively.
To our knowledge, this is the first time-resolved study on a dye-
sensitized-C;N, system to catch the electron transfer process
from the LUMO of a photoexcited dye to the conduction band
of C3N,. It is clear that the determined electron transfer rate
from the LUMO of each photoexcited xanthene dye to the
conduction band of C;N, is much slower than the electron
transfer rate from the LUMO of a photoexcited xanthene dye
to the conduction band of TiO,.””*® Three reasons could lead
to this phenomenon: the first is that the interaction coupling
between the xanthene dye and C;N, is weaker than that
between the xanthene dye and TiO,, the second is that the
driving force (AG) for the electron transfer reaction between
the xanthene dye and C;N, is smaller than that between the
xanthene dye and TiO,, and the third is that the time-resolution
of our experimental apparatus (70 ps) is low so as to we may
not catch all ultrafast electron transfer processes. To fully
understand the electron transfer process from the LUMO of a
photoexcited xanthene dye to the conduction band of C;N,, it
requires a femtosecond time-resolved study on the xanthene
dye-sensitized-C;N, systems. Unfortunately, we can not
perform such measurement (either a femtosecond transient
absorption or a femtosecond transient fluorescence) at the
current due to the difficulty to produce a C;N, sample having
near-optical quality.”” ' Thus, the determined electron
transfer rate with the current 70 ps time-resolved fluorescence
measurement should be the slowest electron transfer rate
(lower limit) from the LUMO of photoexcited xanthene dye to
the conduction band of C;N,. The study presented here
suggests that the electron on the LUMO of each selected
photoexcited xanthene dye can be transferred to the
conduction band of C;N, and that the selected xanthene dye
can be used as a sensitizer for C;N, in their corresponding dye-
sensitized-C;N, composites. The xanthene dye as a sensitizer of
C;N, can extend the visible light absorption of C;N, and
increase its photocatalytic hydrogen evolution efficiency under
visible light irradiation.

To give other evidence that the electron on the LUMO of
the photoexcited xanthene dye can be transferred to the
conduction band of C;N, in its dye-sensitized-C;N, composite,
we further obtained the reduction potentials of each selected
xanthene dye and C;N, with cyclic voltammetry measurements.
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Figure 4 shows the cyclic voltammograms of fluorescein,
dibromofluorescein, eosin Y, erythrosine B, and C;N, in
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Figure 4. Cyclic voltammograms of fluorescein (A), dibromofluor-
escein (B), eosin Y (C), erythrosine B (D), and C;N, (E) in aqueous
solution.

aqueous solution. Clearly, fluorescein, dibromofluorescein,
eosin Y, and erythrosine B displayed the reduction potential
of —1.04, —1.20, —1.03, and —1.09 V vs Ag/AgClI, respectively,
which corresponds to a LUMO energy of —3.66, —3.50, —3.67,
and —3.61 eV (vs vacuum), respectively. The obtained
reduction potentials for fluorescien, eosin Y, and erythrosine
B all are consistent with the literature reports.””*>** The C;N,
showed the reduction potential of —0.98 V vs Ag/AgC],
corresponding to a conduction band energy of —3.72 eV (vs
vacuum), which is also consistent with the literature’s report.””
The level of the LUMO energy of all selected xanthene dyes are
higher than that of the C;N, conduction band energy,
suggesting that the electron can be transferred from the
LUMO of each selected photoexcited xanthene dye to the
conduction band of C;N, in their respective dye-sensitized-
C;N,, composites. The cyclic voltammetry measurements gave a
consistent result as the time-resolved fluorescence measure-
ments.

With the obtained LUMO energy of each selected xanthene
dye and the obtained conduction band energy of C;N,, we
derived the driving force (AG) for the electron transfer process
from the LUMO of the photoexcited fluorescein, dibromo-
fluorescein, eosin Y, and erythrosine B to the conduction band
of C;N, is —0.06, —0.22, —0.05, and —0.11 €V, respectively. We
also determined that the electron transfer rates from the
LUMO of the photoexcited fluorescein, dibromofluorescein,
eosin Y, and erythrosine B to the conduction band of C;N, are
0.7 X 10°, 1.1 X 10%, 1.4 x 10°, and 1.9 X 10’ s}, respectively.
It is clear that the increase of the electron transfer rate is not
very well correlated with the driving force for the electron
transfer from the LUMO of the photoexcited xanthene dye to
the conduction band of C;N, under Marcus electron transfer
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theory, indicating that either the interaction coupling between
each selected xanthene dye and C;N, are different or the
electron transfer process from the LUMO of the photoexcited
xanthene dye to the conduction band of C;Ny is faster than the
time-resolution of our experimental apparatus. Since the
obtained electron transfer rate is based on a low time-
resolution (70 ps) fluorescence measurement, herein, we do
not intend to provide a quantitative analysis of the relationship
between electron transfer rate and energy difference in the
context of Marcus electron transfer theory. Once we perform a
femtosecond time-resolved study (either femtosecond transient
absorption or femtosecond transient fluorescence) on these
systems, we will provide a deep understanding of the electron
transfer process from the LUMO of the photoexcited xanthene
dye to the conduction band of C;N,. However, this is a big
challenge for us currently due to the difficulty to produce a dye-
sensitized-C;N,, sample having near-optical quality. Without a
femtosecond time-resolved study, the results presented here
still provide valuable information on the fundamental aspects of
xanthene dye-sensitized-C;N, photocatalytic systems.

In addition, with the obtained LUMO energy of fluorescein,
dibromofluorescein, eosin Y, and erythrosine B and the
obtained zero—zero transition energy of fluorescein, dibromo-
fluorescein, eosin Y, and erythrosine B (Table Sl in the
Supporting Information), we derived the energy of the HOMO
of fluorescein, dibromofluorescein, eosin Y, and erythrosine B is
—6.12, —5.91, —6.01, and —5.91 eV (vs vacuum), respectively.
Similarly, with the obtained —3.72 eV (vs vacaum) conduction
band energy and the reported 2.7 eV band gap of C;N,,**** we
derived the energy of the valence band of C;N, is —6.42 eV (vs
vacuum). The energy levels of the HOMO of all selected
xanthene dyes are higher than the energy level of the valence
band of C;N,, indicating that the electron on the HOMO of
each selected xanthene dye can also be transferred to the
valence band of the photoexcited C;N,. This means that the
selected xanthene dye can also be used as an acceptor for the
hole of the photoexcited C3N, to increase the photocatalytic
activity of C3N,. The role of a dye as an acceptor for the hole of
a photoexcited quantum dot has been addressed in dye-
sensitized quantum dot solar cell systems.”>™*” However, the
role of a dye as an acceptor for the hole of the photoexcited
C;N, in a dye-sensitized-C;N, system has not been reported in
the literature. To confirm that the selected xanthene dye can be
used as an acceptor for the hole of the photoexcited C;N, in
their corresponding dye-sensitized-C;N, composite, we further
recorded the fluorescence decays of C;N, in fluorescein-C;N,,
dibromofluorescein-C;N,, eosin Y-C;N,, and erythrosine B-
C;N, composites with 395 nm light excitation, as shown in
Figure 5. The fluorescence decay of C;N, alone was also shown
in Figure 5 as a reference. The 395 nm light only excites C;N,.

The C;N, in each selected xanthene dye-sensitized-C;N,
composite has a similar lifetime as the C;N, alone does (Figure
S and Table 2). None of the selected xanthene dye can shorten
the fluorescence lifetime of C;N, in fluorescein-C;N,,
dibromofluorescein-C;N,, eosin Y-C;N,, and erythrosine B-
C;N, composite. This observation seems to disagree with the
prediction from the energy level difference between the
HOMO of each selected xanthene dye and the valence band
of C;N,. However, it could be understandable why the C;N, in
its respective xanthene dye-sensitized-C;N, composite has a
similar fluorescence decay as the C;N, alone does when one
analyzes the weight percentage of each selected xanthene dye to
C;N, in their respective dye-sensitized-C;N, composite. It is
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Figure S. Fluorescence decays of C;N, in C;N, alone, fluorescein-
C;N,, dibromofluorescein-C;N,, eosin Y-C3N,, and erythrosine B-
C;N, composites. Excitation wavelength, 395 nm; detection wave-
length, 470 nm.

found that the maximal adsorption amounts of all selected
xanthene dyes on the surface of C;N, are less than 10 ymol g~
The 10 umol ¢! adsorption amount of xanthene dye by C;N,
corresponds to introducing a less than 1% w/w impurity for the
C;N, sample. A less than 1% w/w impurity adding to the C;N,,
sample can not provide an observable change on the
fluorescence lifetime of C;N, in its corresponding dye-
sensitized-C;N, composite. Although we did not observe the
fluorescence lifetime change of C;N, in its corresponding dye-
sensitized-C;N, composite (Figure S), we still suggest that the
electron on the HOMO of each selected xanthene dye can
transfer to the photoexcited C;N, valence band on the basis of
the prediction from their energy level location. The electron
transfer from the HOMO of the selected xanthene dye to the
photoexcited C;N, valence band would also retard the lifetime
of the electron on the conduction band of the photoexcited
C;N,, which would benefit to increasing the photocatalytic
hydrogen evolution efficiency of C;N, under a certain
wavelength range of light irradiation.

B CONCLUSIONS

In summary, we have carried a systematic study on the
interaction dynamics between C;N, and several selected
xanthene dyes such as fluorescein, dibromofluorescein, eosin
Y, and erythrosine B in their respective dye-sensitized-C;N,
composite using both time-resolved fluorescence spectroscopy
and cyclic voltammetry experiments. Both the time-resolved
fluorescence and the cyclic voltammetry measurements suggest
that the electron on the LUMO of each selected photoexcited
xanthene dye can be transferred to the conduction band of
C;N, in their corresponding dye-sensitized-C;N, composites.
With a 70 ps time-resolved fluorescence apparatus, we
determined the slowest electron transfer rates from the
LUMO of the photoexcited fluorescein, dibromofluorescein,
eosin Y, and erythrosine B to the conduction band of C;N, are
0.7 X 10°, 1.1 X 10%, 1.4 x 10°, and 1.9 X 10’ s}, respectively,
in their corresponding dye-sensitized-C;N, composites. The
current study is significant for the researcher understanding of
the fundamental aspects in the xanthene dye-sensitized-C;N,
photocatalytic systems.
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Table 2. Fitting Parameters for the Fluorescence Decay of C;N, in C;N, Alone, Fluorescein-C;N,, Dibromofluorescein-C;N,,

Eosin Y-C;N,, and Erythrosine B-C;N, Composites”

b

sample a, 7,“/ns
C,N, 0.09 0.20
fluorescein-C3N, 0.0S 0.13
dibromofluorescein-C;N, 0.06 0.16
eosin Y-C3N, 0.04 0.17
erythrosine B-C;N, 0.06 0.12

b
a

0.56
0.60
0.58
0.59
0.59

7,/ns a3l’ 73/ns (r)d/ ns
1.66 0.35 8.25 3.84
1.50 0.34 8.62 3.84
1.47 0.36 8.29 3.85
1.39 0.37 8.06 3.81
142 0.35 8.28 3.74

“Excitation wavelength: 395 nm. Detection wavelength: 470 nm. YThe errors for the amplitudes are less than 10%. “The errors for the time constants

are less than 5%. U(7) = Zaz,/Za,
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