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Abstract

A popular non-toxic surfactant, Tween 80 (T80), is widely used in foods, cosmetics, and pharmaceuticals. This eco-friendly
surfactant should be promising to be utilized as a non-ionic template in the preparation of TiO, nanoparticles. Moreover,
few studies deal with Tween 80 as a template in the synthesis of various nanoparticles. Different concentrations of T80/
isopropanol solutions (0-50%) were used in a modified template-assisted sol—gel route, where the synthesized xerogels were
denoted by x%T80-TiO,. Different techniques such as DRS, XRD, SEM, HR-TEM, and N, adsorption—desorption isotherms
were utilized to characterize the as-prepared x%T80-TiO, catalysts. The obtained results showed that the whole physical
properties, such as crystalline parameters, optical properties, micromorphology, nanomorphology, and surface parameters,
were affected by the concentration of T80 (T80%). In addition, T80% significantly changed the photoactivity of the synthe-
sized samples toward the photodegradation of Rhodamine B (RB) as a pollutant model. 5%T80-TiO, nanoparticles were
the most reactive catalyst referring to its unique rod structure and existence of a small content of Rutile phase. Finally, tetra
(4-carboxyphenyl) porphyrin (TCPP) was anchored on TiO, nanorods to be used as a visible antenna to enhance its photo-
catalytic activity toward the visible light irradiation. Briefly, TCPP-sensitized T80-TiO, nanoparticles showed an enhanced
performance toward the degradation of RB under various light sources.

1 Introduction compounds in the environment; the released amounts are
estimated to exceed 100,000 ¢ annually [1, 2]. Green, effi-

Our world suffers extremely from a severe crisis which is cient, and advanced economic water treatment technolo-

water pollution because of the exceptionally increasing
demand of various industries. Textile dyes could be consid-
ered as one of the major water pollutants due to the discharge
of large quantities of these toxic and carcinogenic organic
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gies are a crucial point where nanoscience could make a
difference in the paradigm shift from the traditional treat-
ment methods to the effective advanced oxidation processes
(AOPs). Semiconductor-assisted photocatalysis became one
of the most effective AOPs, which considered as a potential
solution for encountering pollutant degradation and energy
conversion/storage [3, 4]. This process was intensively stud-
ied as an economic ‘green’ method for wastewater treatment
operated at only mild temperature/pressure conditions and
achieved almost complete degradation with no waste-solids
disposal problem [2, 5]. Owing to the high reactivity, large
surface area, and super-advantageous properties of nanopar-
ticles with respect to bulk ones, they are utilized in various
vital photocatalytic applications such as water treatment,
water splitting, and solar cells [4, 6]. In the latest decades,
great concern was focused on the development of novel
synthesis routes to fabricate distinct nanostructures such
as nanospheres, nanorods, and nanotubes. Several methods
are employed for this purpose, but the most popular one
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is template-assisted sol—gel, which is characterized by high
control and tailoring of both the shape and size of nano-
particles besides its simplicity and low cost. Due to their
amphiphilic properties, surfactants could act as templates
due to their various micelle structures in solutions, such as
cubic, spherical, cylindrical, hexagonal, and lamellar shapes.
Thus, the features of surfactants as self-assembled templates
is essential to fabricate and tune the pore structure of inor-
ganic materials [7-9].

Titanium oxide (TiO,) nanoparticles could be the most
commonly used photocatalysts because of their non-tox-
icity, low cost, availability, long durability, chemical sta-
bility, photo-stability, and perfect photocatalytic behavior.
However, TiO, nanoparticles have two main drawbacks:
the former is the fast e-h recombination rate that reduces
their photoactivity, and the latter is the wide bandgap energy
(3.2 eV for pure Anatase) leading to exclusive of their pho-
tocatalytic performance only under UV irradiation which
resembles only 2-3% of solar-light spectrum [10-12]. Dif-
ferent methods were utilized to recover these drawbacks,
such as metal doping [13, 14], non-metal doping [15-18],
co-doping [19-22], and dye sensitization using phthalocya-
nine [23], curcumin [24], porphyrins, and metal-porphyrins
[25-34]. Porphyrins are intensively colored materials char-
acterized by their strong absorption in the whole visible
range [35-37]. Kathiravan and Renganathan [30] studied the
influence of the anchoring group of porphyrin on the photo-
sensitization of Titanium dioxide nanoparticles by various
porphyrins, among which TCPP was the most effective pho-
tosensitizer. In our previous work [38], TCPP and template-
free TiO, nanoparticles were prepared, and different TCPP
loadings were anchored on the surface template-free TiO,
to determine its optimum loading. TCPP was found to have
a brilliant role in improving the entire optical characteristics
of TiO, by reducing the e~/ recombination rate, reducing the
bandgap energy, and establishment of a perfect antenna to
overcome its inefficiency in visible light region.

Polyoxyethylene (20) sorbitan monooleate (Polysorbate
80), commercially recognized as Tween 80, is a popular non-
toxic non-ionic surfactant which is widely used in foods,
cosmetics, and pharmaceuticals. However, few studies deal
with Tween 80 as a template in the preparation of various
nanoparticles [39—41]. Therefore, this work focused on the
study of the influence of Tween 80 as a green template in
the synthesis of TiO, nanoparticles. Herein, we have syn-
thesized TiO, nanoparticles using different concentrations of
T80/isopropanol solutions (0-50%) were used in a modified
template-assisted sol-gel method. Various techniques such
as DRS, XRD, SEM, HR-TEM, and N, adsorption—desorp-
tion isotherms were utilized to characterize the synthesized
x%T80-TiO, photocatalysts and to show the effect of T80%
on their physicochemical properties. The mechanism of
action of T80 as a template is suggested. The photocatalytic

activity of x%T80-TiO, catalysts was assessed by following
the degradation of RB dye under UV-A irradiation. Finally,
TCPP was anchored on the surface of the most reactive T80-
TiO, nanoparticles, and its effect on the photocatalytic activ-
ity toward RB photodegradation was evaluated under various
light sources and compared with the previously prepared
TCPP/Template-free TiO, nanoparticles.

2 Experimental
2.1 Materials

Tween 80 (T80, Riedel-de Hiin), titanium tetra-isopropoxide
97% (TTIP, Sigma-Aldrich), and Rhodamine B (RB, Merck)
were purchased. HPLC grades of acetonitrile, methanol, and
water were obtained from Fisher Scientific Company. The
other chemicals used in this work were used as received
without further purification. The dye solutions were pre-
pared with distilled water. The chemical structures of T80,
RB, and TCPP are presented in Fig. 1.

2.2 Synthesis of T80-TiO, nanoparticles

Simultaneously, five batches of T80-TiO, nanoparticles were
synthesized through a modified template-assisted sol—gel
route (Fig. 2a). Typically, 10 mL of TTIP were mixed with
100 mL of isopropanol. The solutions were stirred using
magnetic stirrers at 400 rpm for 1 h. Different concentra-
tions of T80/isopropanol solutions (0, 5, 10, 25 and 50%)
were prepared. Then, 5 mL of x% T80/isopropanol solutions
were added to the five precursor solutions, respectively, and
left on stirring for 2 h. Then, the hydrolysis process was
performed by the dropwise addition of proper volumes of
distilled water to the above solutions where the white col-
loidal particles increased by the progress of the hydrolysis
process until milky-like gels were obtained. After aging for
3 days, the gels were filtered then washed several times using
distilled water and isopropanol. Finally, TiO, xerogels were
obtained after drying at 100 °C for 7 h and calcination at
500 °C for 2.5 h; the as-prepared TiO, xerogels were denoted
as x% T80-TiO, where ‘x’ is the used T80%.

2.3 Synthesis of TCPP-TiO, nanoparticles

TCPP was synthesized via a simple one-pot method in our
previous work [38]. 0.1%TCPP-TiO, nanoparticles were
synthesized via a simple wet impregnation method (Fig. 2b).
Typically, 1 mg of TCPP was dissolved in 50 mL of methanol,
then 1 g of TiO, powder was added to the solution which was
magnetically stirred for 8 h. After 2 days of aging, TCPP-TiO,
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nanoparticles were subjected to filtration, washing several
times by methanol, and finally dried at 100 °C for 2 h.

2.4 Physicochemical characterization

XRD patterns were recorded via X'PERT-PRO-PANalytical
X-ray diffractometer (Netherlands) with CuKa radiation
(A=1.5406 A) in the 20 range from 4° to 80° where the scan-
ning mode was continuous, the step size was 0.02° and the
scan step time was 0.5 s. The average crystallite sizes were
estimated using Scherrer equation, Eq. 1:

kA
a P cosf 1)

where D is the average crystallite size (nm), & is the shape
factor of the particles (k=0.9), 4 is the wavelength of the
X-rays (A=0.11540598 nm), § and @ are the full width at
half maximum of the peak (FWHM) and the diffraction
angle (in radians), respectively.

The diffuse reflectance spectra (DRS) were recorded via
Shimadzu UV-2600 UV-Vis spectrophotometer (Japan) over
the range of 200-800 nm where Barium sulfate was utilized as
reference material. The bandgap energy (E,) of the as-prepared
TiO, nanoparticles was calculated from the absorption edge by
plotting the absorbance against energy (eV), Eq. 2:

_ hc _ 12403

T @

E=hv
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where % is Planck’s constant (6.626x 10734 J s), E is the
energy (eV), v is the frequency, A is the wavelength (nm),
and c is the velocity of light (3 x 10® m/s).

Scanning electron microscopy (SEM) images were
detected via JEOL, model Jed 2300 analysis station (Japan)
to investigated the morphology of the solid surfaces at a
working distance of 18—19 mm with an accelerating voltage
of 20 kV. A high-resolution transmission electron micro-
scope (HR-TEM, Tecnai G20, FEI, Netherlands) was utilized
for imaging.

N, adsorption—desorption isotherms were recorded using
Nova 3200 system (USA). The Brunauer—-Emmett—Teller
(BET) method was used for estimation of the surface areas
(BET). The Barrett—Joyner—Halenda (BJH) model [42, 43]
was utilized for the evaluation of the average pore size.

2.5 Reactor setup and photocatalytic
measurements

The photocatalytic activities of x% T80-TiO, nanoparticles
were estimated by following the degradation of RB dye
under UV-A irradiation (15 W, Sylvania, Germany). A cyl-
inder-shaped batch reactor (the diameter, Ry, is 10 cm) con-
taining an exact weight of x%T80-TiO, and an exact volume
of RB solution (107> M) was magnetically stirred at 400 rpm
for 1 h in the dark to establish adsorption—desorption equi-
librium. After that, the reactor was irradiated for 3 h with
stirring at 400 rpm, where the vertical distance between the
irradiation source and the reactor is fixed at 15 cm. 5 mL
aliquots were withdrawn at definite time intervals during the
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Fig.2 Schematic diagram of the fabrication of x%T80-TiO, nanoparticles via the template-assisted sol-gel method (a), and TCPP-TiO, nanopar-

ticles via wet impregnation method (b)

irradiation. Then, the photocatalyst powders were separated
by centrifugation at 2000 rpm for 10 min, and the absorb-
ance of the filtrates was recorded using a T92 + UV—Visible
spectrophotometer (PG Instruments, UK) and the removal
% of RB was estimated from Eq. 3:

Removal % = [(AO—At)/AO] % 100 3)

where A, and A, are the absorbance of RB after dark and at a
time ‘¢’ of irradiation, respectively, at 4,,,, =554 nm.
Visible light irradiation experiments were performed
using a 90 W fluorescent lamp and 200 W Tungsten lamp,
where a cylinder-shaped Pyrex vessel that surrounded by

circulating water was used for cooling the system due to
the high heat evolved from Tungsten lamp. HPLC spectra
were recorded on a system that equipped with Waters 515
pump, sample injector, and Waters 2489 UV—Visible detec-
tor, which set at 554 nm for RB detection. HPL.C separation
of RB was executed via Waters C18 column (4.6 X 250 mm)
in the reverse phase mode. The mobile phase was composed
of equal volumes of acetonitrile and HPLC water (pH 4 was
attuned by H;PO,) at a flow rate of 1 mL/min. The photo-
degradation % of RB was estimated from Eq. 4:

Photodegradation % = [(PA,— PA,)/PA,| x 100

“)
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where PA | and PA, are the peak area of RB after dark and
after a time ‘¢’ of irradiation, respectively.

3 Results and discussion
3.1 Crystalline nature of x%T80-TiO, nanoparticles

XRD is an extensively used technique that involved in the
investigation of the nature and size of crystalline phases of
solid materials. The XRD patterns of all samples (Fig. 3a)
had confirmed the presence of the Anatase phase based on
the recorded peaks at 260=25.30, 36.96, 37.76, 38.55, 48.05,
53.85, 55.10, 62.21, 62.65, 68.91, 70.36 and 75.08. All the

samples have a single-crystalline phase, Anatase, except
5%T80-TiO, that contains mainly Anatase (Tetragonal) and
very small percentages of Rutile (Tetragonal) and Brook-
ite (Orthorhombic) crystalline phases. All the crystalline
data, including the reference card numbers, space groups,
and other cell parameters of the three crystalline phases, are
stated in Table S1 in the supporting materials.

Obviously, T80% (5-50%) has a remarkable effect in the
reduction of crystalline sizes (Fig. 3b) when compared to 0%
T80-TiO, where 10%T80-TiO, had the smallest crystalline
size as reported in Table 1. This approved the successful role
of T80 template as a stabilizing agent in the preparation of
TiO, via inhibition of particle growth to some extent dur-
ing the hydrolysis and condensation process. These results

Fig.3 Effect of T80% on the (a) 000
XRD patterns (a), and the crys- " " . N ~
talline sizes (b) of x%T80-TiO, A Symbols: A: Anatase, R: Rutile and B: Brookite
nanoparticles @ 2400 ’, . P A A ——
»
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Table 1 Effect of T80% on the T80% D (nm) E, (V) Ay (m¥g) C-Const v, (cm¥/g) &
crystalline, optical and surface P
parameters of x%T80-Ti0, 0 26.5 3.1 1095 17.14 0.0203 37.03
nanoparticles
5 19.2 3.08 37.59 30.22 0.0699 37.18
10 12.8 3.12 54.20 62.67 0.0702 2591
25 16.4 3.16 29.07 33.87 0.0484 33.32
50 16.2 3.17 21.70 16.36 0.0398 36.69
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in good agreement with that reported earlier [44, 45] that
utilized Tween 20 as a template in the synthesis of ZrO, and
TiO, nanoparticles.

3.2 Texture properties and Surface parameters
of x%T80-TiO, nanoparticles

The N, adsorption—desorption isotherms of 0-10%T80-
TiO, nanoparticles are classified as type IV with a distinct
plateau near saturation referred to limited adsorption of N,
molecules (Fig. 4). The surface parameters such as specific
surface area (Aggr), total pore volume (Vp) and average pore
radius (rp) of x%T80-TiO, nanoparticles are mentioned in
Table 1. The observed hysteresis loops in the desorption
branches are categorized as type H2 according to the IUPAC
classification. This type of hysteresis loop referred to an ink-
bottle structure characterized by a narrow neck and wide
bodies. It is remarkable to notice the increase in the size
of the hysteresis loop in the sample prepared with 5%T80
and 10%T80 reflecting the positive role of T80 template in
manipulating defined mesoporous structure.

The incorporation of high content of T80 leads to a devia-
tion in its role in creating mesoporous structure as indicated
by variation in the adsorption isotherm shape from type (IV)
to type (II), which characterized by unlimited adsorption.
One can argue that a process of pore shrinkage can occur
to some extent in which pores approach closer and accumu-
late to each other, leading to converting the sample porosity
from mesoporous to predominant macroporous structure.
We can conclude that increasing T80% shifts the textural
parameters to more negative direction reflecting that this
high content prefers to segregate as separate micelles rather
than its distribution between TiO, nanoparticles. Both the
change in adsorption isotherm shape and the decrease in
the surface area reflect the reduction in adsorption capacity,

wn
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(=} (=] (=]

Adsorbed Volume (CC/g)

—
(=]

P/Po
——0%T80 ——5 %T80 ——10 %T80

25%T80 —=—50%T80

Fig.4 N, adsorption—desorption isotherms of x%T80-TiO, catalysts

and this proportion becomes inaccessible to manipulate TiO,
nanoparticles.

The pore size distribution curves (Fig. S1) reflects that
the sample porosity is in the initial stage of mesoporosity
(supermicropores) with a peak centered at nearly 20 A.All
the texture measurements have pointed out that the incorpo-
ration of low T80% (5-10%) during the progress of the prep-
aration has a remarkable influence in improving the porosity
of titania. The V¢ plots (Fig. S2) are constructed to analyze
the sample porosity. It is clearly observed that the V—t plot
for the parent titania exhibits downward, and upward devia-
tion reflects the existence of various numbers of micropores
and mesopores. Incorporation of 5% and 10% of T80 did not
affect the pore distribution. However, increasing in T80% up
to 50% is accompanied by a reduction in the sample micr-
oporosity, which can be deduced from the disappearance
of the downward deviation in the Va-t plot and remarkable
decrease in surface area. This suggested the significant effect
of T80% on the texture properties of the as-prepared TiO,
nanoparticles and their corresponding surface parameters.

3.3 Optical properties of x%T80-TiO, nanoparticles

Diffuse reflectance spectra (DRS) were measured to show
the absorption profiles of x%T80-TiO, catalysts (Fig. 5). The
estimated and gap energies (Table 1) were found to be in
the range of 3.1-3.2 eV, and this range is very near to the
well-known reported value of pure Anatase TiO, (3.2 eV)
[15, 17, 19, 20, 46-50] which is the predominant phase in all
x%T80-Ti0, catalysts. It is remarked that T80% (> 5%) has a
minor influence on increasing the bandgap energy of TiO,.

3.4 Morphology of x%T80-TiO, nanoparticles

SEM is a potent technique in the study of the morphology
and the microstructure of nanoparticles. Obviously, there
is a high percentage of homogeneity in the micromorphol-
ogy of the groups of the nanoparticles that are found in a
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Fig.5 The UV-Vis absorption spectra of x% T80-TiO, catalysts
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microsphere order (Fig. 6a—c) in the range 0—10% of T80%.
However, there is neither homogeneity nor a particular order
of nanoparticles at higher T80% (25-50%), indicating that
the high T80% severely affects the morphology of the nano-
particles (Fig. 6d, e).

HR-TEM is considered as a significant technique and
obligatory for the investigation of nanomorphology of nan-
oparticles. Thus, it was used to study the effect of T80%
on the nanostructure of TiO, nanoparticles (Fig. 7a—e).
Clearly, the impact of T80% is apparent where non-uniform
nanoparticles are obtained in the absence of T80 during the
TiO, preparation (Figs. 7a, S3). While upon involving a low
percent of T80, the obtained nanoparticles were found to
be with uniform nanorods (5%T80-TiO,, Figs. 7b, S4) and
nanospheres (10%T80-TiO,, Figs. 7c, S5). However, the
higher T80% (25-50%) released non-uniform nanoparti-
cles confirming that high T80% causes particle growth and
severely affects the morphology and homogeneity of the
nanoparticles obtained (Figs. 7d—e, S6-S7), as suggested
from SEM images. Therefore, if someone aims to manipu-
late the T80 as a template in the synthesis of TiO, nano-
particles with tunable morphology, then it is highly recom-
mended to utilize low T80% (5-10%) in the synthesis route.

3.5 Photoactivity of x%T80-TiO, catalysts

The photocatalytic activities of the synthesized x%T80-
TiO, nanoparticles toward RB photodegradation were
investigated and estimated via both UV—-Visible spectro-
photometry and HPLC techniques (Fig. 8). Obviously,

0%T80-TiO, nanoparticles have the lowest photocatalytic
activity, and 5%T80-TiO, nanoparticles have the highest
photocatalytic activity. That may be accredited to supe-
rior physicochemical properties of 5%T80-TiO, nanorods
when compared with 0%T80-Ti0O, nanoparticles, such as
the higher surface area and the smaller particles size. To
some extent, this may clarify the critical role of T80 in the
preparation of TiO, nanoparticles. Although 10%T80-TiO,
nanoparticles have well-defined nanospheres besides hav-
ing the largest surface area and the least average crystal-
line size, their photocatalytic activity is less than 5%T80-
TiO, nanoparticles. This may be attributed to some extent
to many reasons; the first may be the nanomorphology of
TiO, nanoparticles that can be considered as the theatre
on which the photodegradation process occurs, not only
the surface area of the theatre is the solely vital factor
of the success but also the whole quality of the players
must also be attractive to audience. Thus, nanorods may
be more efficient than nanospheres in this process; RB
may adopt well with nanorod structure rather than with
nanosphere. Besides, some of the very small 10%T80-TiO,
nanoparticles may scatter the incident light to some extent
causing decrease in the photodegradation activity. Finally,
the existence of very small percent of the rutile phase in
5%T80-TiO, may be the secret behind their superior pho-
tocatalytic activity, as reported earlier [51, 52]. This sig-
nificantly confirms the critical influence of T80% on the
photocatalytic performance of the as-fabricated x%T80-
TiO, nanoparticles.

Fig.6 SEM images of 0%T80-TiO, (a), 5%T80-TiO, (b), 10%T80-TiO, (c), 25%T80-TiO, (d) and 50%T80-TiO, (e) nanoparticles
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Fig.8 The photocatalytic activities of x%T80-TiO, catalysts toward
RB photodegradation under UV-A irradiation. ([Cat]=1 g/L,
[RB],=1x 107> M, pH 6, Ry=10 cm, irradiation time = 180 min)

3.6 Enhancement of photocatalytic activity
of T80-TiO, nanoparticles to visible light

In our previous work [38], TCPP was anchored on the sur-
face of TiO, nanoparticles to act as a visible antenna to
enhance its photocatalytic activity toward the visible light
region. TCPP was found to have a brilliant role in improv-
ing the entire optical characteristics of TiO, by reducing

the e—h recombination rate, reducing the bandgap energy
and construction of a perfect visible antenna to recover its
inefficiency in visible light region. Thus, 0.1%TCPP/5%T80-
TiO, nanoparticles were synthesized to show the influence
of TCPP on enhancement the photoactivity of and T80-TiO,
nanorods under visible light.

The characteristic peaks of TCPP (S-band: 420 nm and
Q-bands: 520, 550, 590 and 650 nm) were detected beside
that of TiO, nanoparticles, Fig. 9, confirming the successful
attaching of TCPP on TiO, surface [36, 53]. In addition, the
bandgap energy reduced from 3.12 to 2.84 eV after anchor-
ing TCPP on the surface of 5%T80-TiO, nanoparticles.
Besides, the presence of other characteristic peaks of TCPP
in the visible region is expected to act as a perfect visible
antenna that enhances the photocatalytic performance of
TiO, from the UV region to the visible region.

The photocatalytic activity of 0.1%TCPP/5%T80-
TiO, nanoparticles was examined using various irradia-
tion sources such as UV-A lamp, fluorescent lamp, and
Tungsten lamp. Logically, the synthesized TCPP-TiO,
nanoparticles exhibited an enhancement in the photo-
catalytic activity under both UV-A and visible irradia-
tions, as shown from Table 2 and Fig. 10. It is interesting
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14 3.7 Mechanism of action of Tween 80 as a template
1.2 1
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gth (am) as Tween 80 in a modified template-assisted sol—gel route

5%T80-TiO2  -woeene 0.1%TCPP/5%T80-TiO:

Fig.9 Effect of TCPP on the absorption profile of 5%T80-TiO, nano-
particles (Inset: the corresponding Absorbance-Energy plot)

to notice that RB completely degraded using TCPP-TiO,
after only 3 h of exposure to the irradiations of UV-A
lamp or fluorescent lamp (Fig. 10a, b).

In our previous study [38], RB was completely
degraded under UV-A and fluorescent lamp after 10 h
of irradiation (Fig. 10d, e). This confirmed the improve-
ment of the photocatalytic activity of TiO, which pre-
pared through T80 template-assisted sol-gel method
as well as its whole physical properties as previously
explored. In addition, it is interesting to notice a remark-
able blue shift in 1,,, of RB that changed from 554 to
498 nm after 10 h of irradiation under Tungsten lamp
using 0.1%TCPP/5%T80-TiO, nanoparticles (Fig. 10c).
This shift may be due to the deethylation of amino groups
of RB dye, as previously reported [54, 55]. This hap-
pened with 0.1%TCPP/template-free TiO, upon expo-
sure to Tungsten lamp for 12 h while the removal percent
was lower, so the observed shift was only from 554 to
542 nm (Fig. 10f). To recapitulate, having presented these
results, it can be stated that TCPP successfully acted as
a successful visible antenna for T80-TiO, nanoparticles
which opens a wide range of enhanced applications of
TiO, under direct solar irradiation. In addition, the T80-
assisted sol-gel method improved the whole physical
properties of TiO, when compared with the template-free
sol-gel method.

is highly recommended to obtain homogeneous and highly
ordered nanoparticles. Thus, the type and concentration of
the employed template as a self-assembled template is a key
factor to fabricate and tune the pore structure of inorganic
materials. The mechanism of action of Tween 80 as a tem-
plate could be described in the following steps. First, the
TTIP precursor is dissolved in a large amount of isopropanol
to ensure high dispersion of the precursor and avoid the
agglomeration of particles as possible. Based on the ampho-
teric nature of surfactants, a certain percent of T80 is added
to direct the molecules of Ti-precursor around it (Fig. 11). In
the hydrolysis step, the added distilled water converted TTIP
into Ti(OH), sol that firmly attached to T80 micelles (rich
in hydroxyl group Fig. 1a) via hydrogen bonds and Van der
Waals attraction forces. During the aging period, condensa-
tion reactions of the formed precursors occur, leading to
the construction of titania-based organic—inorganic hybrid
copolymer networks [44]. Finally, the calcination at 500 °C
is required to convert Titanium hydroxide into the crystalline
phases of Titanium oxide and eliminate template micelles
and other organic residuals such as isopropanol. To sum up,
all the above-mentioned results of the physicochemical char-
acterizations and the photocatalytic performance of the as-
fabricated x%T80-TiO, nanoparticles confirmed the critical
role of Tween 80 as an efficient and green template in the
tuning of the properties of TiO, nanoparticles. In addition,
it can be argued that not only did the incorporation of Tween
T80 in the synthesis route affect the physical properties and
photocatalytic activity of TiO, nanoparticles, but its percent-
age also affected them. Consequently, it is highly recom-
mended that scholars could utilize this green template in
the synthesis of various nanomaterials, it is expected that it
may show unprecedented, enhanced, and unique properties.

Table 2 Effect of light sources

. Light source
on RB photodegradation

UV-A lamp (15 W)

Fluorescent lamp (90 W) Tungsten lamp (200 W)

using 0.1%TCPP/5%T80-TiO,
and 0.1%TCPP/template-

free TiO, ([Cat]=1 g/L,
[RB],=1x 107> M, R;=10 cm,
pH 6)

0.1%TCPP/5%T80-TiO,
Removal %
k (min™h) 0.0202
Removal %

k (min™h) 0.0051

97.41% (3 h)

0.1%TCPP/template-free TiO, [38]
93.46% (10 h)

95.36% (3 h) 88.93% (6 h)

0.0162 0.0083
93% (10 h) 28.23 (10 h)
0.0052 0.0006
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Fig. 10 Effect of different light sources such as UV-A lamp (a,
d), visible fluorescent lamp (b, e) and Tungsten lamp (¢, f) on the
photodegradation of RB using 0.1%TCPP/5%T80-TiO, (a—c) and

4 Conclusion

In conclusion, we have fabricated a series of TiO, nano-
particles with the utilization of different concentrations
of Tween 80 as a pore-directing agent. It was found that
T80% basically affected the quality, homogeneity, and mor-
phology of the obtained nanoparticles and consequently
affected their photocatalytic activity. The assembly of the
mesoporous structure of TiO, nanoparticles is mainly due

(d)

Absorbance

600
Wavelength (nm)

Wavelength (nm)

iy

Absorbance

Wavelength (nm)

0.1%TCPP/template-free TiO, (d-f), respectively. ([Cat]=1 g/L,
[RB], =1x 107> M, pH 6, R;=10 cm)

to the existence of hydrogen bonding between Tween 80 and
Ti(OH),. Nanorods were the most reactive species toward
RB photodegradation under UV-A. TCPP performed as a
perfect visible antenna for T80-TiO, nanoparticles, which
enhance the range of application of TiO, under direct solar
irradiation. These novel nanoparticles are expected to be
promising candidates not only for photodegradation of
different organic pollutants but also for other promising
applications. Finally, T80 is expected to show promising
properties if it is manipulated in the fabrication of various
nanoparticles.
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Fig. 11 Schematic diagram of
the titania-based organic—inor-
ganic hybrid network [Tween
80-Ti(OH),] into TiO, nano-
particles through calcination at
500 °C

T80
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