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" g-C3N4 was synthesized by directly
thermal condensation of
dicyandiamide.

" 2,4,6-TCP could be degraded over
g-C3N4 under visible irradiation.
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Graphitic carbon nitride (g-C3N4) was synthesized by directly thermal condensation of dicyandiamide
and characterized by XRD, XPS, SEM, TEM and FT-IR. Then the as-prepared catalyst was employed to
degrade priority pollutant 2,4,6-trichlorophenol (2,4,6-TCP) under visible light irradiation (k > 420 nm).
The 2,4,6-TCP could be completely mineralized over g-C3N4, and the pseudo-first-order rate constant
for 10�4 M 2,4,6-TCP degradation was 0.70 h�1 in the presence of 1 g/L catalyst. �O�2 =

�OOH was identified
as the most important reactive species contributing to 2,4,6-TCP degradation in air. Meanwhile, valence
band holes (VB holes) of g-C3N4 was observed to play important roles for the degradation of 2,4,6-TCP at
N2 gas ambient when metal ions were added as electron acceptors. The possible degradation pathway of
2,4,6-TCP was proposed.

� 2012 Elsevier B.V. All rights reserved.
1. Introduction catalytic performance of a variety of graphitic carbon nitrides.
There is an increasing concern about g-C3N4 in the field of pho-
tocatalysis due to the appropriate band gap for visible light driven,
reliable chemical inertness and stability. Many works based on or-
ganic dye degradation, like rhodamine B (RhB) [1], methyl orange
[2], and methylene blue [3], have been devoted to study the photo-
However, there are few reports about the photocatalytic degrada-
tion of organic pollutants by g-C3N4 except dyes. Very recently,
mesoporous g-C3N4 was employed to treat 4-chlorophenol and
phenol in water by Wang et al. [4]. But the porous g-C3N4 involved
complex synthetic procedure and template using. In their research,
the bulk g-C3N4 prepared by ammonium thiocyanate showed very
low photocatalytic activity. For the wide application of the gra-
phitic carbon nitride catalysts, it is urgent to investigate their per-
formances in catalyzing the photodegradation of various
pollutants.
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The g-C3N4 has shown a distinct photocatalytic mechanism in
the previous studies because of its unique positions of the conduc-
tion band (CB) and valence band (VB) (CB = �1.3 V, VB = 1.4 V vs.
NHE, pH = 7) [5,6]. Wang et al. thought that the degradation of or-
ganic pollutants over the g-C3N4 was mainly attributed to reactive
oxygen species produced by photogenerated electrons [4], and the
role of VB holes was not mentioned. However, Yan et al. [1] re-
ported that the degradation of RhB over g-C3N4 mainly originated
from the photogenerated holes oxidation. As a new-type photocat-
alyst, the real oxidative species for organic degradation still re-
mains elusive. So it is important to investigate the catalytic
mechanism of g-C3N4, especially the pure g-C3N4 under different
conditions during various environmental pollutants photodegrada-
tion.

Chlorophenols (CPs) are common and recalcitrant environmen-
tal pollutants. Because of the high toxicity, carcinogenic properties,
and bioaccumulation capability, four of the chlorophenols (2-CP,
2,4-DCP, 2,4,6-TCP, and PCP) have been classified as priority pollu-
tants by the U.S. Environmental Protection Agency (EPA) [7]. 2,4,6-
TCP is one of the most significant pollutants among CPs and is often
used to test the efficiency of oxidation methods [8]. Several strat-
egies have been followed to remove CPs from the environment.
Conventional methods include thermal, chemical and biological
treatments, which, however, were restricted by toxic by-product
generation, incomplete mineralization or specific conditions
[9,10]. Heterogeneous photocatalysis technique is one of the most
promising candidates to completely destroy CPs. In addition, this
process allows the efficient degradation of a variety of organic pol-
lutants at low concentration levels in aqueous wastes [11].

In this work, the pure g-C3N4 was synthesized by directly ther-
mal condensation of dicyandiamide, and was employed to decom-
pose 2,4,6-TCP under the irradiation of visible light (k > 420 nm).
The photocatalytic degradation mechanism of 2,4,6-TCP in aque-
ous dispersed g-C3N4 was discussed systematically. The roles of
reactive oxygen species produced during the photocatalysis pro-
cess were evaluated. �O�2 =

�OOH was the most important reactive
species contributing to 2,4,6-TCP degradation in air. �OH derived
from �O�2 =

�OOH also play a role for 2,4,6-TCP degradation. Photo-
generated holes show the ability to oxidize 2,4,6-TCP directly,
which was verified by using metal ions as the electron acceptor un-
der N2 gas ambient.
2. Experimental

2.1. Reagents and solutions

Dicyandiamide (>98.0%) was purchased from Tokyo Chemical
Industry CO., Ltd. (Tokyo, Japan). 2,4,6-Trichlorophenol (2,4,6-
TCP) (98%) was purchased from Aladdin Chemistry CO., Ltd.
(Shanghai, China). 1,4-Benzoquinone (97%), dehydrated alcohol
(99.7%), EDTA–Na2 (P99.0%), NaN3 and triethanolamine (TEOA)
(A.R.) were used as additives. N,N-Diethyl-p-phenylenediamine
(DPD) (98%), Peroxidase (POD) [from horseradish, 200 units/mg]
were purchased from J&K Scientific Ltd. (Beijing, China). PbCl2

(P99.0%), NiCl2�6H2O (P98.0%), HgCl2 (P99.5%), Cu(NO3)2�3H2O
(P99.0%), CdCl2�2.5H2O (P99.0%), K2Cr2O7 (>99.8%) were all ana-
lytical reagents. All reagents were used as received without further
purification. Aqueous solutions were prepared with freshly deion-
ized water (18.2 MX cm specific resistance) by a Pall Cascada lab-
oratory water system.
2.2. Synthesis and characterization of g-C3N4

A 50 mL ceramic crucible containing 2 g dicyandiamide was
introduced into a muffle furnace. Within 4 h, the temperature of
the furnace raised to 550 �C from room temperature. The dicyan-
diamide was calcined at this temperature for 4 h and then cooled
to room temperature before removing from the furnace. The ob-
tained yellow products were collected and ground into powder
prior to use.

The crystal structure of the samples was investigated using
X-ray diffraction (XRD; Rigaka D/max 2500 X-ray diffractometer)
with Cu Ka1 radiation, k = 1.54056 Å. X-ray photoelectron spec-
troscopy (XPS) data were obtained with an ESCALab220i-XL elec-
tron spectrometer from VG Scientific using 300 W Al Ka
radiation. The binding energies were referenced to the C 1s line
at 284.8 eV from adventitious carbon. The morphology of the sam-
ples was examined by field emission scanning electron microscopy
(SEM; Hitachi S-4800) and transmission electron microscopy
(TEM; JEOL JEM-1400). The Fourier transform infrared (FT-IR) spec-
trum of the sample was recorded on a Nicolet iS 10 FT-IR
spectrometer.
2.3. Photocatalytic degradation of 2,4,6-TCP

A 300 W Xe lamp was used as the light source and a cut-off fil-
ter was used to ensure irradiation by the light above 420 nm. In a
typical reaction, 20 mL solution with 20 mg catalyst was injected
into a 50 mL quartz bottle. The mixture was magnetically stirred
for 0.5 h under dark to obtain adsorption/desorption equilibrium
of 2,4,6-TCP on the catalyst. The solution was then exposed to vis-
ible light. At irradiation time intervals of every 0.5 h, 2 mL sample
was collected from the mixture, centrifuged at 4000 rpm for
10 min to remove the catalyst, and then filtered through a
0.22 lm filter membrane before HPLC analysis.

When the reaction was conducted at N2 gas ambient, the quartz
bottle was sealed with Teflon-lined rubber septa and aluminum
crimp caps. N2 gas was purged into the bottle through a Teflon tube
during the whole reaction.
2.4. Analyses

The concentration of 2,4,6-TCP was measured by a HPLC (waters
2695–2998) system installed with a Sun Fire™ C18 (5 lm,
4.6 � 250 mm) reversed phase column at 30 �C. Separation of deg-
radation intermediates was realized by using an eluent composed
of methanol and 1% (v/v) acetic acid in water (70/30 v/v) at a flow
rate of 1.0 mL/min. For liquid chromatography/mass spectrometry
(LC–MS) detection, 40 mL 5 � 10�4 M 2,4,6-TCP solution was used.
When a portion of 2,4,6-TCP was degraded (ca. 70%), the solution
was centrifuged and filtered. Then the sample was concentrated
into 1 mL methanol solution using a waters Oasis HLB solid phase
extraction (SPE) column. MS experiments were achieved on a Finn-
igan LCQ (San José, CA, USA) ion trap mass spectrometer using neg-
ative and positive electrospray as the ionization processes. The
electron spin resonance (ESR) signals of radicals spin trapped by
DMPO were detected at ambient temperature on a Bruker (ESP
300E) spectrometer. For H2O2 concentration analysis, 1 ml sample,
1 ml pH 6.0 buffer, 50 lL DPD and 50 lL POD were mixed in a 1 cm
cuvette. The absorption spectrum was measured after 45 s reaction
by a spectrophotometer (Beckman coulter DU800). Preparation of
pH buffer, DPD and POD solution, as well as the calculation of
H2O2 concentration were performed according to literature [12].
The total organic carbon (TOC) values along with 2,4,6-TCP degra-
dation were determined using a TOC auto analyzer (Shimadzu
TOC-VCPH, Japan). The release of chloride ions was monitored
using an ion chromatograph (Dionex ICS3000). The buffer solution
was 4.5 mM Na2CO3/0.8 mM NaHCO3, and a Dionex AS18 column
was used.
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Fig. 1. XRD pattern for the as-prepared g-C3N4.
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3. Results and discussion

3.1. Physicochemical properties of the as-prepared g-C3N4

Fig. 1 shows the XRD pattern of the as-prepared g-C3N4, a typ-
ical g-C3N4 structure is suggested by two obvious peaks. The stron-
gest peak at 27.42 is a characteristic interlayer stacking peak of
aromatic systems, indexed as the (002) plane for graphitic materi-
als [1]. The calculated interplanar distance of aromatic units is
d = 0.325 nm. The relatively weak peak at 13.14, which corre-
sponds to a distance d = 0.685 nm and is indexed as (100) plane,
is associated with an in-plane structural packing motif.
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Fig. 2. XPS survey spectrum of the as-prepared g-C3N4 (a) and the corresp
Fig. 2 shows the XPS spectra of g-C3N4 synthesized by thermal
condensation of dicyandiamide precursor. The peaks at 288, 399
and 533 eV in the survey spectrum were due to photoelectrons ex-
cited from the C 1s, N 1s and O 1s levels respectively. In C 1s higher
resolution spectrum, the two features of binding energy values can
be attributed to sp2-hybridized carbon in the aromatic ring
(287.8 eV) [13], and a carbon-containing contamination
(284.8 eV) [14]. The N 1s spectrum in Fig. 2c was deconvoluted into
four peaks. The peak centered at 398.2 eV is attributable to sp2 N
involved in triazine rings, whereas the contribution at 398.8 eV
corresponds to bridged nitrogen atoms N–(C)3. The peak at the po-
sition of 400.8 eV may be attributed to the –NH2 or = NH groups
[15]. Charging effects or positive charge localization in heterocy-
cles can lead to the peak at 404.6 eV [13]. In O 1s XPS spectrum,
the peak at the position of 532.5 eV was attributed to surface –
OH groups derived from surface oxygen contaminates [16].

The Fourier transform infrared (FT-IR) result proves the exis-
tence of a graphite-like structure of carbon nitride again as shown
in Fig. 3. The broadband at 3100–3300 cm�1 can be assigned to the
stretching modes of secondary and primary amines and their inter-
molecular hydrogen-bonding interactions. The stretching vibration
of O–H is also contributed to the broad absorption in this region
[17]. Several strong bands in the 1200–650 cm�1 region corre-
spond to the typical stretching modes of CN heterocycles [18].
Additionally, the characteristic ring breath of the triazine units is
found at 809 cm�1 [19].

The morphology and microstructure of the bulk g-C3N4 sample
were revealed by SEM and TEM, as shown in Fig. 4. The powder
sample appears to have agglomeration structures on the SEM
micrograph image. TEM image directly reflects the inner structure
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Fig. 3. FT-IR spectrum for the as-prepared g-C3N4.
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Fig. 5. Visible light degradation of 2,4,6-TCP in the absence (a) or presence (b–e) of
g-C3N4. Initial concentration of 2,4,6-TCP: 10�4 M (a); 5 � 10�4 M (b); 2 � 10�4 M
(c); 10�4 M (d); 5 � 10�5 M (e).
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of the g-C3N4 sample [13]. Some irregular strips and sheet struc-
tures are observed in the image.
Table 1
The parameters for different initial concentrations of 2,4,6-TCP degradation.

Initial 2,4,6-TCP concentration (M) 5 � 10�5 10�4 2 � 10�4 5 � 10�4

Degradation amount in 3 h (M) 5 � 10�5 a 10�4 1.35 � 10–4 1.78 � 10�4

Rate constant (h�1) 1.79 0.70 0.35 0.14
Related coefficient 0.9999 0.9967 0.9973 0.9782

a The 5 � 10�5 M 2,4,6-TCP was already completely degraded after 2 h reaction.
3.2. Photocatalytic performance

The photocatalytic activity of the as-prepared g-C3N4 was eval-
uated by the degradation of 2,4,6-TCP under visible light, as shown
in Fig. 5. The concentration of 10�4 M 2,4,6-TCP solution exhibited
no obvious degradation after 3 h visible light irradiation in the
absence of catalyst (curve a). In contrast, the same concentration
of 2,4,6-TCP was efficiently degraded in the presence of 1 g/L
g-C3N4 under the identical condition (curve d). The degradation
values after 3 h for different initial 2,4,6-TCP concentrations are
listed in Table 1.

The degradations of different initial concentration of 2,4,6-TCP
catalyzed by g-C3N4 under the irradiation of visible light were de-
scribed by pseudo-first-order rate equation (Eq. (1)) [20,21]:

lnðC=C0Þ ¼ �kt ð1Þ

The linearity of ln(C/C0) vs. t is quite well at a specific concentra-
tion, although the concentration-dependence of rate constant sug-
gests that the photodegradation of 2,4,6-TCP is not really first order
reaction. This is quite common in the photocatalytic degradation
studies for many other organic compounds in a dilute solution
[22]. The rate constants (k) were determined from the linear rela-
tionship of ln(C/C0) vs. reaction time. Because of the formation of
intermediates, the reactions may not well follow the equation in
the final stage. The pseudo-first-order rate constants and related
coefficients for different initial concentrations of 2,4,6-TCP degra-
dation are shown in Table 1. When the initial concentration of
Fig. 4. SEM (left) and TEM (right) im
2,4,6-TCP increased from 5 � 10�5 M to 10�3 M, the amount of de-
stroyed 2,4,6-TCP increased from 5 � 10�5 to 1.78 � 10�4 M, but
the rate constant (k) decreased from 1.79 to 0.14.

Photocatalysis is usually considered as diffusion controlled
reaction. As the 2,4,6-TCP initial concentration increased, the deg-
radation reaction would accelerate, because the diffusion is accel-
erated. This means a larger amount of 2,4,6-TCP degraded in the
same reaction time. On the other hand, photocatalysis occur
through a series of consecutive reactions, the formation, migration
and reaction of photogenerated radicals with organic compounds.
Any of these processes could determine the overall degradation
rate [20]. When increased the initial concentration, a bigger quan-
tity of 2,4,6-TCP would adsorb on the surface of g-C3N4, meanwhile
the active sites left for generating active species would be reduced.
Furthermore, as more 2,4,6-TCP degraded, more intermediates
generated in the reaction system. These intermediates would
compete with 2,4,6-TCP for active species and active sites. This re-
ages for the as-prepared g-C3N4.
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sults in the rate constant decrease with increasing initial
concentration.
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Fig. 7. ESR spectra of DMPO� �O�2 =�OOH adducts in the system of g-C3N4 before and
after visible light (532 nm) irradiation.
3.3. Catalytic degradation mechanism

The mechanism of g-C3N4 photocatalytic degradation of 2,4,6-
TCP was investigated by a set of experiments (Fig. 6). N2 gas was
used to expel dissolved oxygen in the solution and maintain an
anaerobic environment. Other additives acted as active species
scavengers were used to assess the contribution of the correspond-
ing active species in the system.

As shown in Fig. 6, the degradation was greatly suppressed in
N2 gas ambient. This phenomenon implied that dissolved oxygen
played a crucial role in the g-C3N4 photocatalysis process. Accord-
ing to literatures [23,24], the molecular O2 can efficiently scavenge
photogenerated electrons forming superoxide radical (�O�2 ). Then
superoxide radical could react with proton to produce hydroperox-
ide radical (�OOH) (Eqs. (2), (3)):

O2 þ e� ! �O�2 ð2Þ
O�2 þHþ ! �OOH ð3Þ

ESR technology was used to confirm the generation of �O�2 .
There was no signal in dark, however, characteristic peaks of
DMPO� �O�2 =�OOH adducts (g = 2.0063) emerged and increased
with time when irradiated with visible light, as seen from Fig. 7.

The role of the �O�2 =
�OOH was evaluated by adding its scavenger,

1,4-benzoquinone, to the reaction system. Degradation rate of
2,4,6-TCP in air in the presence of 1,4-benzoquinone is close to that
at N2 gas ambient (Fig. 6). It was presumed that �O�2 =

�OOH or other
active species derived from it were involved in the degradation of
2,4,6-TCP degradation.

In addition to superoxide radical, singlet oxygen (
1
O2) was also

possible oxidative species. The addition of NaN3 as a scavenger for
1
O2 suppressed the degradation of 2,4,6-TCP slightly (Fig. 6),

1
O2 is

unlikely to be a significant active specie.
Hydroxyl radicals (�OH) is another important reactive oxygen

species, possessing a more positive oxidative capacity than �O�2 .
As the VB potential energy of g-C3N4 is 1.4 V, the VB holes are inca-
pable of directly oxidizing the surface hydroxyl groups or adsorbed
water molecules to generate �OH ðE0ð�OH=OH�surfÞ ¼ 1:9 V; E0

ð�OH=H2OadsÞ ¼ 2:7 V vs: NHEÞ [5,25]. When �OH scavenger (etha-
nol) was added, the degradation of 2,4,6-TCP was similar to the
simple 2,4,6-TCP/g-C3N4 system at the initial stage but slower at
the following stage (Fig. 6). Thus a small amount of the hydroxyl
radicals (�OH) may be produced in the catalysis process. The
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Fig. 6. Photocatalytic degradation of 2,4,6-TCP with various radical scavenger
additives (10�4 M 2,4,6-TCP, 1 g/L g-C3N4, additive concentration is 10�2 M).
formation of �OH can be expected on the basis of the equations
(Eqs. (4)–(6)):

�O�2 þ e� þ 2Hþ ! H2O2 ð4Þ

�OOHþ e� þHþ ! H2O2 ð5Þ

H2O2 þ e� ! �OHþ OH� ð6Þ

The formation of hydrogen peroxide (H2O2) was checked by a
modified spectrophotometric analysis method according to Bader
et al. [12]. As shown in Fig. 8, the concentration of H2O2 increased
continuously and quickly. It reached to 38 lM after a 3 h reaction.
The high concentration of H2O2 contributed to the rapid and com-
plete degradation of 2,4,6-TCP.

The generation of �OH was also confirmed by ESR technique
(Fig. 9). Along with irradiation time, the weak DMPO–�OH signals
(g = 2.0063) were emerged gradually. Using the stack method,
the characteristic peaks with an intensity ratio of 1:2:2:1 could
be verified.

Generally, the photodegradation activity of semiconductor pho-
tocatalyst originates from photogenerated holes in valence band
and photogenerated electrons in conduction band. VB holes are
also oxidative species and may directly cause the organic pollutant
degradation. EDTA–Na2, an efficient holes scavenger, was em-
ployed to discern the contribution of g-C3N4 VB holes in 2,4,6-
TCP degradation. In Fig. 6, the curve almost overlaps with the curve
of no additive reaction. Actually, oxalate and triethanolamine
(TEOA) were also employed as hole scavengers (given in the Sup-
porting Information Part 1), and the results are similar with
EDTA-Na2 experiment. Although about 15% 2,4,6-TCP is still in
the solution after 3 h reaction in the TEOA experiment, the propor-
tion is small compared with the experiment of 1,4-benzoquinone
as �O�2 scavenger (about 60% left). The slight effect of TEOA may
stem from that 2,4,6-TCP diffusion in the solution and adsorption
on g-C3N4 surface were suppressed by high concentration of TEOA
(10 vol.%). These results illustrate that g-C3N4 VB holes do not show
effect on the photocatalysis reaction rate in the 2,4,6-TCP/g-C3N4

system at the natural condition. In other words, 2,4,6-TCP oxida-
tive degradation originated mainly from g-C3N4 photogenerated
electrons but not the holes in the presence of oxygen. It also re-
veals that �O�2 =

�OOH is the dominant active species in the reaction
system in the presence of molecular oxygen. Nevertheless, since VB
holes need accept electrons to restore the original state for prepar-
ing next excitation, it was speculated that excess electrons were
released during 2,4,6-TCP photodegradation. Thus, VB holes would
contribute to the organic pollutants transformation through the
process of obtaining electrons from the intermediates, radials
and even very little 2,4,6-TCP.
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3.4. Metal ions act as electrons scavengers

To make clear if VB holes can oxidize organic compounds such
as 2,4,6-TCP directly, oxygen was removed from the reaction sys-
tem. Besides molecular oxygen, any dissolved species with a reduc-
tion potential more positive than the conduction band of the
photocatalyst can, in principle, consume electrons [26]. The g-
C3N4 possesses a conduction band (CB) of -1.3 V, so it is capable
of reducing most metal ions such as Cr2O2�

7 , Hg2+, Cu2+, Pb2+,
Ni2+, Cd2+, Zn2+ theoretically.

2,4,6-TCP photocatalytic degradation in the presence of metal
ions was investigated by adding corresponding metal salts to the
reaction system at N2 gas ambient (Fig. 10). The 2,4,6-TCP degrada-
tion is prominent compared with no metal additives in the absence
of oxygen. Metal ions and the reduced metals clearly don’t possess
the ability of degrading organic compounds. At N2 gas ambient,
hole scavenger TEOA was added in the Cd2+/2,4,6-TCP/g-C3N4 reac-
tion system and the 2,4,6-TCP degradations were greatly sup-
pressed. The curve is comparative with no metal ions reaction.
Therefore, the experiment at N2 ambient well demonstrated that
2,4,6-TCP could be oxidative degradation by photogenerated holes
in the valence band of g-C3N4 after the conduction electrons were
transformed.
0.0 0.5 1.0 1.5 2.0 2.5 3.0
0.0

Irradiation time (h)

 Cd2+/TEOA

Fig. 10. 2,4,6-TCP photocatalysis degradation in metal/organic coexist system at N2

gas ambient (2 � 10�4 M metal ions, 10�4 M 2,4,6-TCP, 1 g/L g-C3N4, 10 vol.% TEOA,
pH adjusted to 5.1).
3.5. Intermediates identification

Several researches reported that the first step of 2,4,6-TCP oxi-
dative degradation was to generate 2,6-dichloro-1,4-benzoquinone
(2,6-DCQ), a light sensitive compound easily transforming into a
mixture of 2,6-dichlorohydroquinone (DCHQ) and 2,6-dichloro-3-
hydroxy-1,4-benzoquinone (DCHB) under light irradiation [27].
These aromatics could be destructed via the aromatic ring cleavage
[28]. And the final mineralized products were small molecular ali-
phatic carboxylic acids [29]. However, these results were obtained
by FePcS/H2O2 [30], O3 [31], H2O2/polymer [10] oxidation or catal-
ysis oxidation, but not by oxygen oxidation.

In this work, five intermediates were detected in the process of
2,4,6-TCP photodegradation in air (shown in the Supporting Infor-
mation Part 2). The generation of 2,6-DCQ was identified by com-
paring with authentic compound using HPLC. 2,6-DCQ was



Scheme 1. The possible pathway for 2,4,6-TCP degradation.
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Fig. 11. TOC removal and Cl� release during 2,4,6-TCP degradation catalyzed by g-
C3N4 under visible light irradiation.
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detected immediately after the sample was withdrawn from the
reaction because of its instability under light irradiation. DCHB
and 2,6-DCHQ were examined by comparing the HPLC chromato-
gram of 2,4,6-TCP degradation and 2,6-DCQ solution under light
irradiation. A SPE-LCMS analysis method was also used to render
the molecular information of DCHB and 2,6-DCHQ. Based upon
the LC-MS data, two other intermediates: 4,6-dichlorocatechol
(4,6-DCC) and 2,3,4,6-tetrachlorophenol (TRCP) were also detected.
It is possible for �OH from the H2O2 decomposition to attack 2,4,6-
TCP molecules to create 4,6-DCC. TRCP may derive from the reac-
tion between chlorine radical (�Cl, formed during dechlorination
of chlorophenol) and 2,4,6-TCP.

The intermediates generated at N2 gas ambient in the presence
of Cd2+ ions was also checked by LC-MS (shown in the Supporting
Information Part 2). DCHB and 4,6-DCC are absent and some new
unidentified peaks appear in the HPLC chromatogram. This indi-
cates that VB holes can oxidize 2,4,6-TCP directly and the formed
intermediates are different from �O�2 oxidation. The role of VB holes
cannot be observed in the presence of oxygen may be due to (1) VB
holes may also oxidize the degradation intermediates and the
formed radials; (2) the strong degradation ability of �O�2 over-
shadow the hole oxidation ability; (3) the hole was removed in
hole scavenging experiments, the recombination of electron–hole
was depressed and more �O�2 was generated for the degradation
of 2,4,6-TCP.

According to the discussion above, the possible pathway for
2,4,6-TCP degradation and intermediates generation is shown in
Scheme 1.

3.6. TOC removal and Cl� release analyses

To further verify the photocatalytic performance of g-C3N4, the
curves of total organic carbon (TOC) removal and Cl� release were
obtained as a function of 2,4,6-TCP degradation ratio (Fig. 11).

As shown in Fig. 11, the removal of TOC was slowly at the initial
stage, and then accelerated after 60% 2,4,6-TCP was degraded,
which is consistent with the proposed degradation pathway.
2,4,6-TCP was oxidized by active oxygen species to generate the
aromatic intermediates at the first step, which then open the aro-
matic ring and mineralize to CO2 finally. When the 2,4,6-TCP was
fully destroyed, above 50% TOC was removed simultaneously. In
the Cl� release curve, average 2.3 chlorine ions were released per
2,4,6-TCP molecule at the point of 2,4,6-TCP 100% degradation. This
catalyst showed the good ability to carry out the deep oxidation of
2,4,6-TCP.

The stability of g-C3N4 was evaluated by repeating the photo-
degradation reaction five times under similar conditions after re-
isolation of the catalyst (Supporting Information Part 3). During
the catalytic cycles, no activity decrease is observed. XPS measure-
ments of the catalyst after the catalytic cycle experiments show no
significant differences from freshly prepared samples (Supporting
Information Part 3). The results indicated that the catalyst show
good stability in photodegradation reaction.
4. Conclusion

The as-prepared g-C3N4 showed good capacity to mineralize
priority pollutant 2,4,6-TCP under visible light irradiation. 10�4 M
2,4,6-TCP was destroyed after 3 h photodegradation, and above
50% TOC removal ratio was reached. At the natural ambient,
�O�2 =

�OOH was the dominant reactive oxygen species contributed
to 2,4,6-TCP degradation, while 2,4,6-TCP could be degraded by
VB holes in the presence of appropriate electron acceptor at N2

gas ambient. Our results clearly indicate that g-C3N4 possesses a
good potential in photocatalysis treatment of waste water, espe-
cially photocatalytic oxidation of organic pollutants and simulta-
neous reduction of metal ions to facilitate the recovery process.
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