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ABSTRACT

TiO, nanoparticles and zinc phthalocyanine-sensitized TiO, (ZnPc/TiO,) nanocomposite
were synthesized in the presence and absence of Triton X100 (a nonionic surfactant) by a
modified sol-gel method to improve the photocatalytic activity of TiO, under near visible
light (365 nm). A novel quaternized ZnPc molecule was used as sensitizer. Prepared
nanoparticles and nanocomposite were characterized by scanning electron microscopy,
energy dispersive analysis, X-ray diffractometry, transmission electron microscopy (TEM),
Brunauer-Emmett-Teller, thermogravimetry analysis, and UV—-vis-NIR. The results demon-
strated that the ZnPc was successfully loaded on the TiO, nanoparticles and the nanocom-
posite possesses the anatase crystalline phase with the specific surface area of 110.04 m* g
The TEM micrograph showed that the average grain crystal size is 5-15 nm. ZnPc in the
TiO, structure shifted the absorption edge to visible region. The photocatalytic activities of
prepared photocatalysts (ZnPc/TiO,, ZnPc/TiO,-TX100, TiO,, and TiO,-TX100) were evalu-
ated for degradative removal of methyl orange and reductive removal of Cr(VI) ions as test
pollutants. Results of photocatalytic removal revealed that the ZnPc/TiO,-TX100 has shown
much more photocatalytic efficiencies than the ZnPc/TiO, prepared without TX100 and
neat TiO, prepared with or without TX100. Therefore, this sol-gel method modified with
TX100 is useful in the preparation of nanostructure ZnPc/TiO, with high photocatalytic
activity and higher surface area.
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1. Introduction

Water is one of the most valuable and indispens-
able natural resources for health and quality of life on
the earth, and it is under threat from various pollu-
tants such as textile, metal plating, pesticides, and
paper industries as a result of development of indus-
trialization and rising of population. The providing of

*Corresponding author.

safe and clean water is one of the most important
environment issues what humanity and aquatic organ-
isms are facing in these days [1,2]. In recent years,
many technologies have been developed to remove
pollutants such as textile dyes and toxic metal ions
present in wastewater before discharge. Water
purification methods can be biological, physical, or
chemical for destruction of effluents [3/4].
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Conventional wastewater treatment techniques can
transfer the pollutants from one phase to another and
causing secondary pollution; thus, they are not eco-
nomical and effective [5,6]. Therefore, more economi-
cal and environment-friendly techniques need to be
designed. In this context, semiconductor-based
heterogeneous photocatalysis has attracted much
attention to remove the contaminants both in aqueous
and gaseous phase particularly when used under solar
or artificial near visible light [7-9]. Among the various
metal oxide semiconductors, TiO, is the most fre-
quently used photocatalyst due to low cost, non-toxi-
cityy, and high stability [10-12].  Although,
heterogeneous photocatalytic processes are not exactly
understood, some approaches are already accepted
and have been discussed detailed in the literature
[13,14]. Briefly, when TiO, photocatalyst is irradiated
with the proper UV light (hv > its band gap), an elec-
tron may be transferred from the valence band (VB) to
the conduction band (CB) leaving behind a positively
charged hole. These charge carriers produce highly
reactive oxygen species such as hydroxyl (‘OH),
superoxide (O3 ), and hydroperoxy (HO;) radicals,
and they participate in redox reactions with species
being catalyst surface [15,16]. These highly reactive
agents play an important role in the photocatalytic
oxidation of organic pollutants including synthetic
dyes, while the photo-generated electrons are
responsible for the photocatalytic reduction of toxic
heavy metal ions. Toxic metal ions such as Cr(VI) ions
can be reduced to non-toxic Cr(Ill) ions with photo-
generated electrons [17]. Although TiO, has excellent
photocatalytic properties compared to other photocata-
lyst, its photocatalytic activity is limited by tendency
of electron-hole recombination and low absorption in
visible region [18,19]. Many methods have been devel-
oped to enhance the photocatalytic efficiency of TiO,,
such as metal doping, non-metal doping, coupling of
semiconductor systems, and organic dye sensitization
of the photocatalyst [20-23]. Among these methods,
dye photosensitization has gained attention due to its
stability and improving the photocatalytic perfor-
mance of the catalyst. In this approach, organometallic
dyes such as phthalocyanine (Pc) (possess absorption
in blue-green region) attached to the TiO, surface (Pc-
TiO,) facilitate the visible light absorption. As a result
of light absorption, excited phthalocyanine molecule
(Pc*) is produced. Singlet oxygen is also generated by
the interaction of molecular oxygen and excited Pc*.
Thereby, the excited species can inject electrons into
the CB of TiO,, followed by the generation of Pc
cation radical (Pc*) and superoxide anion radical
(O5) (Eq. (3)). Pc cation radical can oxidize organic
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substrate (R) along with recovery of original phthalo-
cyanine (Egs. (1)—(5)) [24].

Pc + hy — Pc* (1)
Pc* + 0, — Pc+ 10, )
Pc* + TiO; — P + TiO; (ecp) 3)
TiOz(ecg) + Oz — TiO; + Oy 4)
Pct +R — Pc+R™ (5)

Presence of metal ion in Pc structure increases the
electron transfer and intense absorption bands in the
longer wavelength. A variety of methods such as
sol-gel, spin coating, immersion, hydrothermal
method, and so forth have been developed to prepare
dye photosensitization of TiO, with phthalocyanines
[25,26]. Sol-gel method has been preferred for
improved photocatalytic activity since TiO, was com-
monly prepared at nano level and had large surface
area. So, the usage of surfactant, which is especially
bio-organic and non-toxic, is an advantage to improve
photocatalytic efficiency of the catalyst [27,28]. This
improvement is mainly related to decreased particle
size and increased specific surface area. Surfactants
play an important role to keep the nanoparticles apart
from each other during the sol-gel process.

Metallo-phthalocyanine-TiO, nanocomposites
(MPc/TiO,) have been successfully used for degrada-
tion of phenols, methyl orange (MO), and sulfide. The
composites have also been applied for the reduction
of CO, and Cr(VI) [29,30]. Meanwhile, removal studies
of the pollutants reveal that MPc/TiO, photocatalyst
has exhibited good activity. Wu et al. [31] reported
that Fe;0,@Si0,@TiO,@CoPcS hierarchical nanostruc-
ture showed excellent photocatalytic efficiency for the
photocatalytic degradation of methylene blue under
UV-vis and visible light. Guo et al. [32] reported that
the H,O,-assisted one-dimensional 2,9,16,23-tetra-ni-
trophthalocyanine iron (II) (TNFePc)/TiO, nanofiber
heterostructures possessed higher MO (10 mgL™)
degradation (94%) than pure TiO, (11%) and TNFePc/
TiO, nanofiber without H,O, (48%) within 3 h light
exposure. Wang et al. [33] report about improvement
of carbon dioxide photocatalytic reduction efficiency
under simulated solar radiation using zinc phthalocya-
nine-modified TiO, catalyst (ZnPc/TiO,) prepared by
microwave-hydrothermal methods. They found that
CO, photocatalytic reduction was improved by micro-
wave treatment (about four times higher).
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In this study, we have synthesized a new TiO,
photocatalyst containing quaternized zinc phthalocya-
nine (ZnPc/TiO,) as photosensitizer using sol-gel
method. Presence of surfactant in the sol is expected to
play an important role for increased surface area and
photocatalytic efficiency. Triton X100 (TX100), a non-
ionic surfactant, was used for the synthesis of
nanoparticles since it could be easily removed from the
reaction media during calcination. To the best of our
knowledge, no study has been reported so far showing
photocatalytic removal pollutants employing ZnPc/
TiO, synthesized in the presence of TX100. The aim of
the study was to investigate the structural properties
and photocatalytic activity of the prepared materials for
photocatalytic removal of the organic or inorganic
model pollutants. Methyl orange (MO) and highly toxic
Cr(VI) ions were chosen as model pollutants owing to
their wide industrial applications. The morphology of
prepared materials was characterized by scanning elec-
tron microscopy (SEM), energy dispersive analysis
(EDX), transmission electron microscopy (TEM), X-ray
diffractometry (XRD), UV-vis spectroscopy, and Bru-
nauer-Emmett-Teller (BET), and thermogravimetry
analysis (TGA).

2. Experimental

2.1. Synthesis of 1(4), 8(11), 15(18), 22(25)-tetrakis-(2-{2-
[3(triethylamino)phenoxylethoxyJethoxy) phthalocyaninato
zine(Il) iodide (3)

Quaternized zinc(II) phthalocyanine 3 was prepared
by our group according to the procedure given in the
literature [34]. The procedure for the synthesis of (2-{2-
[3-(diethylamino)phenoxylethoxylethoxy) group-sub-
stituted zinc(Il) phthalocyanine (2) and its quaternized
derivative (3) are illustrated in Fig. 1. Initially, (2-{2-[3-
(diethylamino)phenoxylethoxylethoxy)  group-substi-
tuted zinc(Il) phthalocyanine 2 was prepared by
cyclotetramerization of compound 1 in n-pentanol,
DBU, and anhydrous Zn(CH3;COO); at 160°C. Details of
this procedure were already published by our group
[34]. Quaternized zinc(II) phthalocyanine 3 was synthe-
sized as per the following procedure: (2-{2-[3-(Diethy-
lamino)phenoxylethoxylethoxy) group-substituted zinc
(II) phthalocyanine (2) (0.050 g, 0.031 x 10~° mol) was
dissolved in 5 mL of chloroform, and 3.5 mL methyl
iodide was added to this solution. The reaction mixture
was stirred at room temperature (25°C) for 4 d. The
green precipitate was filtered off, washed with chloro-
form, acetone, and diethyl ether. Finally, water-soluble
quaternized zinc phthalocyanine 3 was dried in
vacuum.
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2.2. Preparation of the catalysts

All the reagents and solvents were purchased from
Sigma. They were analytical grade and used without
further purification.

Various nanoparticles were prepared in the pres-
ence and absence of ZnPc and/or TX100. The concen-
tration of ZnPPc was 1% of the mass of TiO,. A modified
sol-gel method was used for preparation of the all cata-
lysts. The preparation procedures are given below.

An aliquot of 8.4 mL titanium (IV) isopropoxide
(TiP) was dissolved in 20 mL absolute ethanol (solu-
tion A). Another portion of 10 mL absolute ethanol
containing 1 mL concentrated HNOj3; and 1 mL of dis-
tilled water (solution B) was slowly added to solution
A, and then, the mixture was left stirring for over-
night. At the end of stirring, the mixture was dried at
80°C for 12 h. Finally, TiO, nanopowder was calcined
for 4 h at 300°C and cooled down to room tempera-
ture. TiO, nanopowder was also prepared in the pres-
ence of surfactant and defined as TiO,-TX100. Briefly,
before adding TiP solution, a suitable amount of
TX100 was homogeneously dissolved in absolute etha-
nol (solution A). Then, TiP solution was added during
vigorous stirring. The molar ratio of the materials was
at 1:5:1 (TiP: EtOH: TX100).

The ZnPc/TiO, composite containing 1% phthalo-
cyanine was prepared as follows: Quaternized ZnPc
(which is 1% of the mass of TiO,) was dissolved in
ethanol and added into solution A. Mixture was left
stirring for 2 h. Then, solution B was slowly added
into this solution, and the same drying/calcinations
procedure was used to obtain ZnPc/TiO,.

Finally, ZnPc/TiO,-TX100 was prepared following
the same procedure but adding TX100 into solution A
before hydrolysis step.

2.3. Structural and surface analysis

A Rigaku D/Max-lIIC diffractometer with CuKa
radiation (A =1.5406 A) over the range 26 = 20°—60° at
room temperature was employed for XRD analysis of
the catalysts. Specific surface area was measured using
BET surface area analyzer (Micromeritics, ASAP 2020)
using nitrogen as a purge gas, and pore volume (V)
was estimated at P/P,=0.984 from the desorption
batch. The surface morphology of the photocatalysts
was examined using a SEM (SEM, ZEISS EVO LS-10,
combined with EDX) and transmission electron micro-
scope (TEM, FEI Tecnai G? spirit). Thermogravimetric
analysis (TG/DTA, Seiko Exstar 6000) was performed
to determine the structural variations under nitrogen
atmosphere with a heating rate at 20°C/min between
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Fig. 1. The synthesis of quaternized zinc(II) phthalocyanine (3).
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30 and 700°C temperature range in a platinum cru-
cible. The UV-vis diffuse reflectance (DR) spec-
troscopy of the samples was recorded on Shimadzu
UV-3600 UV-vis-NIR spectrophotometer.

2.4. Evaluation of photocatalytic activity

The photocatalytic efficiencies of the materials
were evaluated by measuring the removal percentage
of aqueous solution of methylene orange or Cr(VI)
ions in the presence and absence of light. A set of
experiments were designed to test the photocatalytic
activity of the ZnPc-sensitized nanocomposite and
compare with pure TiO,. A 30 mL portion of aqueous
solution of MO (10mgL™) and 40 mg catalyst
(133 gL™") were placed in a quartz cell. The lamp
2x8W, 350 uW/ cm?, 365 nm) was positioned about
10 cm in front of the reaction cell. The reaction mix-
ture was stirred continuously using a magnetic stirrer
and sampled at regular time intervals and then cen-
trifuged for 20 min at the rate of 4,000 rpm. Decrease
in the concentrations of MO was monitored
spectrophotometrically at A=462nm (Unicam UV-2
spectrometer) in the presence and absence of light.

In the case of photo-reduction studies, 40 mg cata-
lyst was suspended into 30 mL aqueous solutions con-
taining K,Cr,O; solution (10 mg L' Cr(VD), followed
by adjusting pH to pH 2.0 with H;PO, solution. The
remaining Cr(VI) ions in the reaction mixture were
determined over a certain treatment period using the
diphenylcarbazide colorimetric method [35].

3. Results and discussion
3.1. Structural analysis of catalysts

TG-DTA technique was used to determine thermal
behavior of ZnPc/TiO, nanocomposite (Fig. 2). TG-
DTA curves of neat ZnPc (Fig. 2(a)) were also
recorded to compare with ZnPc/TiO,. The TG curves
showed initial weight losses for ZnPc (25%) and
ZnPc/TiO, nanocomposite (2%) from 25 to 150°C,
which relates to endothermic peak in the DTA pattern
can be ascribed to the desorption of the adsorbed
water. Another weight loss for both the materials
occurring at around 350°C was related with the
exothermic peak in the DTA curve, which can be
attributed to the combustion of the phthalocyanine
molecule. The residual mass (88%) represents the mass
of TiO, in ZnPc/TiO, nanocomposite (Fig. 2(b)).
Therefore, the calcination temperature of the ZnPc/
TiO, should not be higher than 300°C, which corre-
sponds to the combustion temperature of ZnPc.
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Fig. 3 presents the XRD pattern of the pure TiO,
(@), TiO,-TX100 (b), ZnPc/TiO, (c), and ZnPc/TiO,-
TX100 (d), respectively. The peaks of the ZnPc are not
observed in XRD patterns of ZnPc/TiO, nanocompos-
ite, which could be assigned to the non-crystalline of
ZnPc [36]. In all samples, the patterns belonging to
the anatase structure were observed, showing that the
crystalline phase of TiO, has not changed through the
ZnPc modification. After surface modification with
TX100 or ZnPc, the crystalline size and peak
(20 = 25.24) intensities of TiO, decreased compared to
bare TiO, because of expansion of the line-width at
half maximum of the X-ray diffraction peaks. The
crystalline sizes of catalysts were determined by
Scherrer’s equation [37] using the line-width at half
maximum of the X-ray diffraction peaks and shown in
Table 1.

UV-vis DR spectra of samples are shown in Fig. 4.
As can be seen from the figure, ZnPc/TiO, had broad
absorption in 400-800 nm region. ZnPc-sensitized TiO,
exhibited absorption bands in the wavelengths of 600—
750 nm, which are corresponding to the Q bands of
ZnPc. The optical absorption enhancement of the
ZnPc/TiO, composite photocatalyst in visible region is
attributed to Q band absorption and resulted from
1 — m* transition of the molecular orbital of the respec-
tive phthalocyanine. However, TiO, showed only
absorption in the UV region and had no more absorp-
tion in visible region beyond 400 nm [38,39]. Conse-
quently, ZnPc/TiO, photocatalyst could extend the
absorption spectrum of TiO, into visible region, and it
could possibly exhibit better photocatalytic activity.

The surface areas of the prepared catalysts (TiO,,
TiO,-TX100, ZnPc/TiO,, and ZnPc/TiO,-TX100) were
measured by nitrogen adsorption at —196.24°C. The
surface area (Sggy (m> gfl)) was calculated and found
to be 16.204, 23.994, 110.045, and 343.267 m* g ', and
the pore volume of the samples (Fig. S in the Supple-
mentary Information) was also determined to be 0.017,
0.024, 0.011, and 0.056 cm® g™ for TiO,, TiO,-TX100,
ZnPc/TiO;, and  ZnPc/TiO,-TX100, respectively
(Table 1). The catalysts with a higher pore volume
and surface area can absorb more O, from air, result-
ing in the deceleration of excited electrons transfer
from TiO, to Pct and enhancement of the removal of
MO by Pc™.

The SEM mapping images (Fig. 5) confirm that
ZnPc molecule are attached well on the surface of the
TiO, photocatalyst because of Zn atoms, which are
located in the center of the ZnPc, are uniformly dis-
tributed on the ZnPc/TiO, nano composite. Fig. 6
shows the EDX spectra of the samples. The EDX
analyses could also confirm that the ZnPc was
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Fig. 2. TG-DTA curves of the ZnPc (a) and ZnPc/TiO, nanocomposite (b).
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Fig. 3. XRD patterns for pure TiO, (curve a), TiO,-TX100
(curve b), ZnPc/TiO, (curve c¢), and ZnPc/TiO,-TX100
(curve d).

Table 1
Structural characteristics of TiO, particles
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Fig. 4. UV-visible spectra of pure TiO, (a), TiO,-TX100 (b),
ZnPc/TiO, (c), and ZnPc/TiO,-TX100 (d).

Catalysts Sper (m? g ™) 2PS, pore size (nm) "Vpore (cm® g™ °CS, crystalline size (nm)
TiO, 16.204 3.255 0.017 18.72
TiO,-TX 100 23.994 3.103 0.024 13.29
ZnPc/TiO, 110.045 2.762 0.011 12.09
ZnPc/TiO,-TX 100 343.267 2.296 0.056 10.14

?Average pore diameter calculated from BJH desorption average pore width (4 V/A).

"Single point total pore volume at the relative pressure of ca. 0.966.

“Calculated by the Scherrer’s equation.

successfully doped in the TiO, nanoparticles success-
fully due to the presence of zinc, oxygen, nitrogen,
and titanium signals.

The morphology of ZnPc/TiO, was observed by
TEM (Fig. 7). The synthesized nanoparticles have
spherical-like structures, favoring increased photocat-
alytic activity. Also, we can note that there is an exten-
sive agglomeration because ZnPc had covered TiO,
superficially. ZnPc/TiO, nanoparticles have an average
crystalline grain diameter about 5-15 nm, which was
in agreement with the XRD results. Since the substi-
tuted groups on ZnPc are not located at axial position,
it tends to aggregation. Therefore, it is not clear which
phase is TiO, or ZnPc from the TEM image. However,
lighter area is considered as organic phase (ZnPc) and
darker spots on organic phase is inorganic TiO5.

3.2. Photocatalytic experiments

The photocatalytic activities of ZnPc-sensitized
TiO, samples were investigated in terms of the
removal of the MO or Cr(VI) ions in aqueous suspen-
sions under near visible light irradiation. The photo-
catalytic removal experiments were repeated in the
presence and absence of light and catalyst. The
efficiency of the removal of pollutants was defined as
C/C,, where C, and C are concentrations of the pollu-
tants at initial and a given reaction time (min), respec-
tively. According to the data given in Fig. 8, MO was
highly resistant to degradation and a slight decom-
position was observed in the absence of photocatalyst.
As can be seen from Fig. 8(a), the degradation ratio of
MO using ZnPc/TiO, composite was 43.9% which
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Fig. 5. SEM mapping image of ZnPc/TiO, nanocomposite: Elemental distribution of ZnPc/TiO, nanocomposite (a), O (b),
Zn (c), Ti (d), and N (e) mapping images of the nanocomposite.

was much higher than pure TiO, (24.05%) after
150 min irradiation. In particular, degradation ratios
using the ZnPc/TiO,-TX100 and TiO,-TX100 compos-
ites reached to 57.60 and 36.84%, respectively, which
showed an increase as compared to the catalyst pre-
pared without surfactant. After 150 min of irradiation,
the photocatalytic activity of the prepared catalysts
using sol-gel or sol-gel modified with TX100 follows
the order ZnPc/TiO,-TX100 > ZnPc/TiO, > TiO,-
TX100 > TiO,. It was found that there was no signifi-

cant degradation in the presence or absence of the pre-
pared photocatalyst in dark experiments (Fig. 8(b)).
Our results showed that the presence of sensitizer and
using surfactant during catalyst preparation play an
important role in the photocatalytic activity of TiO,.

In addition, the photocatalytic reduction of Cr(VI)
to Cr(Ill) was also investigated. To test the photocat-
alytic reduction ability of the catalysts, Cr(VI) ions
were chosen as the target toxic pollutant. Fig. 9 shows
the relationship between C/C, ratio and irradiation
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Fig. 6. EDX spectra of TiO,-TX100 (a) and ZnPc/TiO-TX100 (b).

time. The formation of Cr(Ill) is much more effective
for ZnPc/TiO,-TX100 catalyst (100%) than pure TiO,
(60%) after 150 min irradiation. The photocatalytic
reduction activity order of the catalysts is as follows:

ZnPc/TiO,-TX100 > ZnPc/TiO, > TiO»-TX100 > TiO.

The photochemical reduction of Cr(VI) was negligible
when the Cr(VI) solution was not irradiated with UV
light (Fig. 9(a)). Triplicate runs were carried out for
each test (for the removal of MO or Cr(VI) ions), and
the relative standard deviations were calculated for
each treatment and generally less than 1%.

It should be noted that the removal in the dark
experiments are simple adsorption rather than reduc-
tion. The removal results showed that the removal
ratio of the test pollutants (MO or Cr(VI) ions) over
the ZnPc/TiO,-TX100 catalyst, which was synthesized

using sol-gel modified with TX100, is the highest one
especially Cr(VI) photocatalytic reduction in near
visible light irradiation. The results can be attributed
to the below reasons:

(1) The phthalocyanine in the solid state is a p-type
semiconductor characterized by energy of the
band gap about 2.0 eV [40,41]. So, the phthalo-
cyanine-sensitized TiO, photocatalyst can be
excited by visible light irradiation to produce
photo-excited electrons (e”) and positive holes
(h*) and the transfer to TiO, and ZnPc, respec-
tively. Then, excited phthalocyanine can gener-
ate 'O, and Pc" to degrade MO. At the same
time, the photo-excited electrons transfer to CB
of TiO, and the photocatalytic reduction of Cr
(VD to Cr(Ill) is carried out by these trapped
electrons.
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Fig. 7. The TEM image of the ZnPc/TiO, nanocomposite.
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Fig. 9. The photocatalytic reduction of Cr(VI) with near
visible light irradiation (a) and the removal of Cr(VI) in
the dark in the presence of the catalysts (b).

(2) ZnPc/TiO;, inhibits the recombination of holes
and electrons because Pc rapidly transfers
photo-excited electrons to the conduction of
TiO,. Therefore, the photocatalytic activity can
be significantly improved [42]. It should be
noted that quaternized groups attached to ZnPc
have some important features. First of all, this
substituted long chain increases the polarity of
ZnPc resulting in a better attachment to TiO,
surface. As a result, electron transfer from ZnPc
to TiO, is more possible. Secondly, quaternized
N atoms are more likely to absorb the photons
and readily excited to ZnPc'. As a combination
of all these factors, electron transfer is enhanced
and so do photocatalytic action.

(3) Another reason is that ZnPc/TiO,-TX100 with
high surface area and pore volume can absorb
much oxygen on the inside or outside to form
reactive and effective oxygen species. Thus,
ZnPc/TiO,-TX100 composite may lead to faster



16206

removal of pollutants. The same tendency was
observed for both ZnPc/TiO,-TX100 and
TiO,-TX100 catalysts that were prepared in the
presence of TX100. This is a good evidence of
how particle size and surface area effect the cat-
alytic action of heterogeneous catalysis.

Based on these possibilities, transfer of excited
electrons enhances the recombination and adsorption
capacity, and ZnPc/TiO,-TX100 could well improve
the photocatalytic activity.

4. Conclusions

In this study, anatase nano-sized TiO, particles and
ZnPc/TiO, nanocomposite were successfully synthe-
sized by sol-gel method. The prepared catalysts espe-
cially ZnPc/TiO, had enhanced structural and
photocatalytic properties including high surface area
and pore volume using sol-gel modified with TX100
surfactant. The morphology of ZnPc/TiO, was charac-
terized using SEM, EDX, XRD, TGA, BET, TEM, and
UV-vis-NIR. The results of morphological analysis
revealed that the ZnPc/TiO,-TX100 nanocomposite has
higher surface area and pore volume than other cata-
lysts (ZnPc, TiO,-TX100, and TiO,). ZnPc caused a sig-
nificant absorption shift into the visible region.
However, it did not change the crystal phase of TiO,.
Among the catalysts studied, ZnPc/TiO,-TX100 com-
posite presented the best photocatalytic activity, fol-
lowed by ZnPc/TiO,, TiO,-TX100 and TiO, for the
removal of both Cr(VI) and MO in water. Above all, the
prepared composite employing TX100 surfactant is a
promising photocatalyst for environmental
applications.
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