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AbstractZnO nanoparticles with mesopores enhanced the photocatalytic degradation of dyes. The potential of gela-
tin-Pluronic F127 as a double colloidal system was investigated for constructing mesoporosity in ZnO nanoparticles.
Amphoteric gelatin with hydrophobic and hydrophilic tails formed a stable colloid as the surface-active agent. The
studies highlighted the effect of different zinc precursors (zinc acetate, zinc sulphate and zinc nitrate) on ZnO forma-
tion and methylene blue (MB) degradation activity. Porous ZnO nanoparticles with uniform hexagonal structures were
formed when zinc acetate exhibited a higher photocatalytic activity. Unprecedented ZnSO4 resembling gunningite min-
eral was produced following high temperature calcination when using zinc sulfate as a precursor. The effect of tem-
perature and concentration of MB solution indicated photodegradation reaction undergoes the first-order kinetic
model. The mechanism of photocatalytic degradation of MB was determined using different types of scavenger agents,
which indicated that hydroxyl radicals catalyzed the reaction.
Keywords: Zinc Oxide, Photocatalysis, Gelatin, Precursor

INTRODUCTION

Rapid production of synthetic dyes for textile and pharmaceuti-
cal industries has increased water pollution when dyes are dis-
charged into the water without treatment [1,2]. Dye in wastewater
can be removed by using membrane separation [3-5], biodegrada-
tion [6,7], physical adsorption [8,9], and photocatalysis [10,11].
Photocatalytic degradation of dye is a clean process requiring low
energy consumption to remove wastewater pollutants but provid-
ing a high oxidation capacity [12,13]. The utilization of photon
energy from sunlight for dye degradation has received wide atten-
tion due to the efficiency and the facile process while generating
no secondary pollutants. The activity of photocatalysts strongly
relies on their electronic properties for harvesting photon energy
from sunlight to generate energy carriers. Apart from that, the syn-

thesis of a nanoparticle photocatalyst with uniform morphology
reduces structural defects that can act as recombination centers.
Reducing the size of the photocatalyst also shortens the path for
electron-hole migration to the surface.

ZnO has been applied in a wide range of applications, such as
UV-photodetector, photocatalysis, optoelectronic devices, and gas
sensors [14,15]. Zinc oxide (ZnO) generally exists as a hexagonal
wurtzite structure with a direct band gap of ~3.37 eV and a high
excitonic binding energy of 60 meV [16,17]. ZnO mitigates envi-
ronmental pollution as a photocatalyst, especially for removing
organic dyes from water and water splitting reactions. However,
ZnO activity is restricted by its wide optical band gap that only
absorbs photons in the UV region. Furthermore, ZnO experienced
photo-stimulated corrosion at high pH, generating an inert Zn(OH)2

structure. Zn(OH)2 induced rapid electron and hole recombination,
preventing charge carrier migration to the surface [18-21]. Contin-
uous effort to enhance ZnO photocatalytic activity has focused on
improving ZnO structural properties through its preparation method.

ZnO nanoparticles can be synthesized using sol-gel method,
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hydrothermal process, thermal decomposition, chemical vapor depo-
sition, and mechanochemical processes. ZnO is also produced via
microemulsion synthesis in the presence of plant extracts such as
B. retusa leaf or Peltophorum pterocarpum pod [22-24]. The hydro-
thermal method by self-assembly is gaining interest due to the abil-
ity to control structural properties and produce a high crystallinity
and purity while employing inexpensive and simple lab equipment
[25]. Self-assembly synthesis using the soft templating method is
based on the formation of colloidal gel as a structure controlling
agent [26-28]. In self-assembly synthesis, molecular arrangement
occurs at the microscopic level to control nanoparticle growth.
Pluronic (F127) is a triblock copolymer utilized as a soft template
for targeting metallic precursors. F127 provides a simultaneous reduc-
tion and activation for directing the particle growth while restrict-
ing the dimensions of the particles. However, micelle stabilized by
Pluronic F127 is unable to retain uniform morphology, mainly when
the synthesis requires a high temperature calcination. The nano-
particles synthesized using the template Pluronic F127 are often
calcined at 350 oC [29,30]. The combination of gelatin as a natural
amphoteric template with F127 has been investigated to synthe-
size mesoporous carbon structures and hematite with flake-like
morphology [31]. Gelatin is an exciting material to be used as a
natural template since it is biodegradable, non-toxic, and extracted
from abundant animal waste. Importantly, gelatin has amphoteric
properties originating from -NH2 and -C=O for interaction with
the metallic ion. The presence of hydrophobic and hydrophilic tails
in gelatin enhanced the stability of F127 for controlling the mor-
phology even after high temperature calcination [31]. The synthe-
sis of ZnO using gelatin as a soft template has been reported by
Fang et al. The role of gelatin was to direct the self-assembly of
nanorods ZnO clusters into star-like nanostructures [32].

Although gelatin can control ZnO morphology, the negative
charge from carboxylic groups and the positive charge from amino
groups can cause multiple metallic ion interactions via coordina-
tion or electrostatic interactions [33]. Interaction between the -NH2

functionality in gelatin with the -OH group in F127 improved
hybrid templates’ stability while simultaneously eliminating multi-
ple interactions with metal precursors. Double-colloidal synthesis
was performed using zinc acetate, zinc nitrate, and zinc sulphate as
Zn2+ ion sources. Different Zn2+ precursors show the importance
of Zn-gelatin-F127 interaction during the crystallization process in
controlling photoactivity. The morphology and the physicochemi-
cal properties of the resulting nanoparticles were investigated as
photocatalysts for methylene blue degradation under UV-LED irra-
diation. UV-LED irradiation is used as the energy source based on
its non-toxic, cheap, durable, and requiring less energy consump-
tion. Photocatalytic activity is also determined under natural sun-
light for the degradation of MB. Methylene blue (MB) is used based
on its stability as an organic dye and is widely used coloring agent
in the textile industry. In addition, MB is carcinogenic and muta-
genic in the human body.

EXPERIMENTAL

1. Material
Block copolymer PEG-Pei-block (Pluronic F127), gelatin (pure

analysis, weighed molecule 5800, Sigma Aldrich), Ethanol (analyti-
cal grade), zinc sulphate trihydrate (Zn(SO4)2·3H2O, Merck), zinc
acetate dihydrate (Zn(CH3COO)2·2H2O, Merck), zinc nitrate hexa-
hydrate (Zn(NO3)2·6H2O, Merck), sulfuric acid, (H2SO4, 100%,
Sigma), HCl (37%, Sigma Aldrich).
2. Synthesis of Mesoporous ZnO

ZnO was synthesized by gradually dropping the water/ethanol
solution (water :ethanol=1 :3) into the Pluronic F127 solution using
a burette (1 drop per 20 seconds) at room temperature. The mix-
ture was then mixed with 1M HCl and stirred in a closed container
for 4h at 150rpm to prevent evaporation. Gelatin powder was added
to the mixture and stirred for another 60 minutes. ZnSO4 solution
was gradually poured into the mixture from a burette at 1 drop for
every 10 minutes at ambient conditions. The mixture was stirred
continuously for 20 h at 150 rpm in a closed container. The mix-
ture was transferred into a Teflon-lined hydrothermal reactor and
heated at 100 oC for 24 h. The white solid was filtered and washed
with distilled water until the pH of the supernatant was neutral.
The solid was dried at 100 oC for 24 hours and then calcined at
550 oC for 6hours. The ratio of ethanol :gelatin :F127:Zn precursor :
HCl was maintained at 125v : 0.12w : 12w : 27w : 0.001v. The ZnO
samples were labeled based on the zinc precursor used in the syn-
thesis; ZS for ZnSO4, ZA for Zn(Ac)2, and ZN for Zn(NO3)2.
3. Characterization

X-ray diffraction (XRD) characterization was evaluated to deter-
mine the crystallinity and phase of the synthesized ZnO by D5000
X-ray diffractometer (Siemens, Germany) using Cu K exciting
source (=1.54056Å). Fourier transform infrared (FTIR) analysis was
carried out using a Bruker-Tensor 27 FTIR spectrometer (Germany).
The porosity and surface area were determined using Brunauer-
Emmett-Teller (BET) by Nova analyzer (Particle Test Pty Ltd, Bel
Inc., Japan) using N2 adsorption/desorption isotherms at 77 K in a
liquid nitrogen media. Differential scanning calorimetry-thermal
gravimetric analysis (DSC-TGA) (Thermoanalyzer Setaram model
LABSYStm TG-DTA/DSC) was used to determine ZnO thermal
properties. ZnO morphology was measured using JEOL transmis-
sion electron spectroscope (TEM, JEM-2100F, 120 KV) and scan-
ning electron microscope- EDX (SEM-EDX, Shimadzu1350).
4. Photocatalytic Test

A homemade degradation reactor was used to assess 10 mL of
MB solution (20 ppm) in a photocatalytic system with 0.005 g of
ZnO in the laboratory scale. The reactor was constituted of a hot-
plate, a 50-mL glass, and a UV-LED strip. The UV-LED strip was
composed of twelve lamps powered by EPILEDs (wavelength emis-
sion of 365nm; power of 3W/m) and equipped with automatic cool-
ing in the lamp’s surroundings. The photocatalytic test lasted 2hours.
The MB concentration was measured every 15 minutes using a
UV-Vis Spectrophotometer (Genesys-10 UV-Vis) at a maximum
wavelength of 664 nm.

RESULTS AND DISCUSSION

1. Catalyst Preparation
The crystallinity and structural phase of solid obtained from zinc

nitrate (ZN), zinc acetate (ZA), and zinc sulfate (ZS) precursors were
analyzed using the X-ray diffraction (XRD) method (Fig. 1). ZN
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and ZA showed the main peaks corresponding to ZnO at 2=
31.76, 34.41, 36.24, 47.52, 56.58, 62.84, 67.93, and 69.07o. There
was a slight increase in intensity when ZnO was synthesized from
zinc acetate precursor compared to zinc nitrate. Nevertheless, no
evidence of impurities was observed, suggesting calcination at 500 oC
removed carbon species from the decomposition of gelatin and
F127 template. Amorphous carbon generally appeared as a broad
hump centered at 24o. ZnO synthesized from zinc sulfate showed
the main peaks at 2=18.86o, 26.41o, 27.12o, 29.46o, 35.86o, 41.34o,
43.05o, 46.23o, 50.47o, 53.95o, 54.90o and 56.92o, indicating the for-
mation of gunningite crystal, which is a stable phase of hydrated
ZnSO4 [34]. Note that the calcination temperature was enhanced
to 500 oC to promote ZnO formation; however, there is no evidence
of ZnO characteristic peaks from the XRD of the ZS sample. The
XRD results provide information on the importance of the counter
anion of Zn precursor during the synthesis of ZnO in a colloidal
system. Hydrolysis of zinc sulfate produced zinc hydroxide (ZnOH)
species, which subsequently transformed into ZnO. However, the
sulfate anion transformed a mixture of F127 and gelatin to form a
stable sulfate anion surfactant, allowing the self-assembly of ZnOH

species to generate a highly crystalline layered structure.
Lattice parameters of ZnO were determined using the Bragg

equation followed by hexagonal system equation of ZnO. The a
and c values of ZA were calculated at 3.255 Å and 5.218 Å, respec-
tively; meanwhile, the a=3.252 Å and c=5.224 Å were determined
from ZN. In comparison to the standard ZnO lattice parameter by
JCPDS 36-1451 (a=3.249 Å, c=5.207 Å), the a and c values were
slightly higher, suggesting the synthesis methods and the experi-
mental conditions, such as template, temperature, heating rate, reac-

tion time, and solvent generated different levels of long-range struc-
tural organization of hexagonal lattice. However, the ZS lattice param-
eter could not be determined due to the absence of ZnO diffrac-
tion peak.

FTIR analysis was performed to determine the functional group
of ZnO synthesized from the gelatin-F127 template (Fig. 2). ZnO
derived from zinc acetate (ZA) and zinc nitrate (ZN) as precur-
sors showed similar absorption bands at 3,420 cm1 and 419 cm1,
which corresponded to the vibration of surface hydroxyl group/
physisorbed water and Zn-O bending vibration, respectively [35].
There are no other absorption bands that could indicate the pres-
ence of carbon impurities on the structure. Meanwhile, a powder
sample obtained from zinc sulfate, as ZS precursor, revealed a broad
absorption band at 3,420 cm1 corresponding to hydroxyl group
or water vibration. The band at 1,671 cm1 was ascribed to H-O-
H bending. Apart from that, the absorption bands at 1,230 cm1

and 1,091 cm1 corresponded to S=O asymmetric and symmetric
stretches, respectively, which further proved the presence of sul-
fate anion on the structure [36]. The Zn-O bonds displayed a
sharp peak at 505 cm1; meanwhile, the low absorption peak at
419 cm1 in ZS indicated the bending vibration of Zn-O in zinc
hydroxide salt.

Thermal properties of solid powder obtained after hydrother-
mal treatment were determined using TGA analysis. The analysis
temperature was increased to 600 oC at 10 oC/min. Fig. 3 shows
that the ZN and ZA experienced the first weight loss stage when
annealed to 125 oC due to the desorption of physisorbed water.
Removing chemically adsorbed water from 125 oC to 220 oC resulted
in further weight loss [37]. ZnO from nitrate and acetate precur-
sors experienced 55.2% and 40.1% of total weight loss from the

Fig. 1. XRD patterns of (a) ZnO from zinc sulfate precursor, ZS;
(b) ZnO from zinc acetate precursor, ZA; and (c) ZnO from
zinc nitrate precursor, ZN.

Fig. 2. FTIR spectra of (a) ZS, (b) ZA, and (c) ZN.
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decomposition of residual organic molecules that are still present
after calcination. Thermal decomposition profiles of powder sam-
ples obtained from ZS were slightly different than ZN and ZA.
Three decomposition stages were observed on ZS, which involved
gradual physisorbed water evacuation up to 120 oC. The ZS sample
was further decomposed to show two more decomposition stages
at 300 oC and 400 oC, presumably due to the decomposition of
F123 and gelatin, respectively. The sample also experienced 53.3%
total weight loss. Interestingly, the decomposition of dried powder
obtained from zinc sulfate only showed three decomposition stages,
whereas ZN and ZA revealed four decomposition stages. The ob-
servation indicates that the thermal stability of Zn-gelatin-F123
composites varied depending on the source of Zn2+ precursor.

TEM analysis of the samples after calcination at 500 oC is shown
in Fig. 4. ZnO from zinc acetate formed nanoparticles with a well-
defined hexagonal structure. The particle size was determined from
multiple TEM images at ~15-85 nm. TEM analysis of ZnO obtained
from zinc nitrate precursor showed the formation of spherical
nanoparticles with an estimated particle size of 10-150 nm. The
solid powder obtained from zinc sulphate (ZS) showed the forma-
tion of large aggregates with a non-uniform morphology. To fur-
ther investigate the morphology of ZS, SEM analysis was carried

out as displayed in Fig. 4(h). ZS was observed as an agglomeration
of particles with a needle-like structure. The particle size of ZS was
determined at approximately 1.5m.

The Brunauer-Emmett-Teller (BET) theory is well-known for
analyzing textural properties such as surface area and pore volume.
Fig. 5 represents the N2 adsorption-desorption isotherms and Bar-
rett-Joyner-Halenda (BJH) pore size distribution of as-prepared
ZnO synthesized from different Zn precursors. According to IUPAC
classification, all samples show Type IV isotherms with capillary
condensation (H3 hysteresis loops) corresponding to mesoporous
material [38]. At high P/P0, the H3 loop does not show any limit-
ing adsorption and is usually linked with the aggregated particles.
The BJH method further indicates pore size distribution at 2.9-
25 nm of ZnO particles based on the sharp inflection at a relative

Fig. 3. TGA analysis of (a) ZA, (b) ZN and (c) ZS before calcination.

Table 1. Physicochemical properties

Samples SBET

(m2 g1)
Vmeso

(cm3 g1)
Dmeso

(nm)
Band gap

(eV)
ZA 14.37 0.6724 25.108 3.06
ZN 05.28 0.0270 02.969 3.04
ZS 13.24 0.0479 14.452 -
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pressure of 0.5-0.8. The specific surface area of ZN, ZA, and ZS
was determined at 14, 5, and 13 m2 g1, respectively (Table 1). The
specific surface area of ZnO obtained in this study was higher than
the previously reported ZnO using the ultrasound method at 2.95-
5.54 m2/g [39].

Fig. 6 represents the UV-Vis spectra of ZnO from zinc nitrate

and zinc acetate precursors. Note that ZS shows no absorbance in
the UV visible region. The absorption band resulted from the tran-
sition of electrons between the valence and conduction band. The
presence of intrinsic defect levels can also contribute to the photo-
adsorption properties of ZnO [40]. As shown in Fig. 5(a), the
absorbance edges of ZA and ZN were observed at ~380 nm. ZnO

Fig. 4. TEM analysis of (a), (b) ZA, (d), (e) ZN, and (g) ZS; Particle size distribution histogram of (c) ZA and (f) ZN; (h) SEM analysis of ZS.

Fig. 5. The N- adsorption-desorption isotherms (a) and the pore size distribution (b) of ZS, ZA and ZN samples.
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Fig. 6. (a) The absorption properties and (b) Tauc’s plot of the as-prepared ZnO.

Fig. 7. Effect of Zn precursor in photocatalytic activity of ZnO towards MB degradation. (a) The plot of Cfinal,MB versus irradiation times, (b)
The percentage of photodegradation efficiency of ZnO produced from zinc nitrate (ZN), zinc acetate (ZA), and zinc sulfate (ZS), and
(c) COD analysis before and after photodegradation process.
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has an absorption edge at ~365 nm with a band gap energy of 3.4
eV. The band gap energy estimation of ZnO was calculated by
Tauc’s plot using Eq. (1):

h=A(hEg)1/2 (1)

where  is the coefficient of absorption, A is a proportional con-
stant, h is the energy of photons, and Eg is the bandgap energy.
According to Fig. 5(b), the band gap energy values for ZN and ZA
were estimated at 3.04 and 3.06eV. The band gap energy was slightly
reduced due to the optical confinement effect of small crystallites.
In general, the band gap energy increased with the reduction of
crystallite size [40,41]. Apart from that, the red shift of the band edge
suggests the ZnO developed a shallow energy level near the valance
band due to the presence of foreign atoms in the lattice. There is a
possibility that the residual carbon impurities after calcination may
be trapped in the ZnO lattice, responsible for the red shift [42].
2. Photocatalytic Activity
2-1. Effect of Precursor

The effect of zinc precursor on the activity of ZnO as a photo-
catalyst was investigated in photodegradation on MB. ZnO obtained
from zinc acetate precursor (ZA) showed a slightly faster MB deg-
radation than ZN, whereas ZS only removed a trace amount of
MB in the solution (Fig. 7). The high surface area and mesopore
volume of ZA may be responsible for increasing the adsorption of
MB molecules on the surface during photocatalytic degradation.
In addition, TEM analysis indicated that ZA has a larger nanoplate
size, exposing {0001} facets. The high percentage of {0001} facets
in photocatalyst nanoparticles increased the activity of chemisorbed
oxygen species during aerobic photocatalytic reactions [43]. A
highly active oxygen species on the ZnO surface increases the for-
mation of hydroxyl radicals responsible for the photodegradation
of MB. However, since ZnO was not formed when using zinc sul-
fate precursor, the slight removal of MB originated from the physi-
cal adsorption on the ZS surface. Experiments in dark conditions
were carried out to confirm that photocatalytic degradation was

responsible for MB removal using ZA and ZN. Reaction in dark
conditions reached equilibrium at 15 minutes, with no significant
changes in the MB concentration up to 90 min. Photocatalytic
degradation was also conducted under direct sunlight with a UV
index of 9 at 10 ppm of MB concentration. MB degradation was
determined at 100% removal efficiency after 60 minutes when using
ZA and ZN as photocatalysts, comparable with the UV LED light
source activity.

The total mineralization of MB was determined through chem-
ical oxygen demand (COD) analysis of the final filtrate after pho-
todegradation. COD was used to evaluate the impact of pollutants
on water quality [44]. COD analysis of the final solution provides
information on the toxicity levels of the photodegradation prod-
ucts. A high level of COD in water indicates threats to human
health. The initial COD value of MB solution was determined at
13.92 mg·L1. The COD value was significantly decreased at ~50%
to give 6.96 mg·L1 after illumination for 90 minutes (Fig. 7(c)). The
result indicated that MB was degraded and mineralized using ZnO.
2-2. Effect of Temperature

The effect of temperature in the photodegradation of MB was
investigated on ZnO from zinc acetate precursors at 30 oC, 40 oC,
and 50 oC. Fig. 8 shows that the increase in temperatures slightly
reduced degradation rates. Variation of temperature on the degra-
dation rate is often associated with the increase in the kinetic energy
of MB molecules in the solution. High kinetic energy increases
diffusion, thus reducing the amount of adsorbed molecules on the
surface [45]. The low amount of MB molecules adsorbed on the
ZnO surface led to the recombination of hydroxyl radicals into
water [46]. The first-order kinetic model was applied based on Eq.
(2) to determine the photodegradation rate of MB. All the param-
eters of the first-order kinetic model are presented in Table 2.

(2)

where C and C0 are final and initial MB concentration (mg L1),

In C
C0
------     kt

Fig. 8. The effect of temperature of MB solution (a) in photocatalytic degradation over ZnO from zinc acetate (ZA) and (b) The plot of first-
order kinetic model.
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respectively, k is the rate constant of reaction (min1), and t is irra-
diation time (min).

Fig. 9. Effect of annealing temperature of ZnO (ZA). (a) Plot of Cfinal over irradiation time, (b) photodegradation efficiency at irradiation
time of 60 minutes, (c) first-order kinetic plot, and (d) rate constant at different annealing temperatures.

Fig. 10. XRD pattern of ZnO from zinc acetate at different of calci-
nation temperatures.

2-3. The Effect of Annealing Temperature
The effect of annealing temperature was investigated on ZnO

obtained from zinc acetate precursor after calcination at 400, 500,
600, and 700 oC in the air for 3 h. Fig. 9 shows calcination at 600 oC,
and 700 oC increased the rate of photodegradation within the first
10 min into the reaction. These results show that a higher calcina-

Table 2. Parameter of first-order reaction in MB photocatalytic at
different temperature

Temperature
(oC)

Parameters
Correlation

coefficient (R2)
Rate constant

(k, min1)
Initial rate

(r0, mg L1 min1)
30 0.9928 0.0308 0.616
40 0.9975 0.0296 0.592
50 0.9962 0.0261 0.522

Table 3. Crystallinity and initial rate of photodegradation for ZnO
after calcined at different temperatures

Annealing
temperature (oC)

Crystallinity
(%)

Initial rate
(101×M min1)

400 63.76 7.62
500 36.06 6.10
600 92.88 8.78
700 100 8.62
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tion temperature improves the crystallinity of ZA via the elimina-
tion of carbon impurities, as indicated by the XRD analysis in Fig.
10 and Table 3. Consequently, the lifetime of the photogenerated
charge carrier was enhanced due to the elimination of the recom-
bination center [47]. Kinetic analysis in Fig. 9(c) and 9(d) clearly
shows that increasing the calcination temperature improves the
kinetic and the rate of MB degradation.
2-4. Effect of MB Concentration and pH of Solution

The effect of MB concentration at 10, 20 and 30 mgL1 on the
efficiency of the photodegradation process indicates that the activ-
ity decreased with increasing of MB concentration (Fig. 11). It is
postulated that at a higher MB concentration, the saturation of ZnO
with MB molecules restricts photons’ adsorption. The low num-
ber of adsorbed photons led to a reduction of hydroxyl radical for-
mation. The result was further confirmed by the MB photocatalytic
rate in Table 4. The highest photocatalytic activity at 10 mg L1

suggests that the photodegradation on ZnO was favorable at low
MB concentration.

The adsorption of MB molecules on ZnO depends on its sur-
face properties, which can be improved with pH variation. An
efficient photocatalytic process requires a significant accumulation
of MB on the surface. The effect of pH solution on the degrada-
tion of MC was investigated by adding NaOH 0.5 M (basic) or
HCl 0.5 M (acidic) to alter the interaction with the ZnO surface.

The concentration of MB was reduced to 50 mg L1 since almost
100% of removal was achieved at 20 mg L1. However, a similar
amount of ZnO photocatalyst (5 mg) was used throughout the
experiments. Fig. 11(b) shows that the photodegradation in the
basic solution was higher than in the acidic condition, with the
optimum photocatalytic rate obtained at pH 9. As a cationic dye, a
higher interaction between MB and the negatively charged sur-
face of ZnO was generated following the NaOH addition. In addi-
tion, the presence of excess OH in the solution enhanced the
trapping of electron and hole for •OH radical production, there-
fore increasing the photocatalytic oxidation [48].
2-5. Methylene Blue Photocatalytic Mechanism

The study reported the potential of gelatin and Pluronic F127 as
organic templates for synthesizing mesoporous ZnO nanoparti-
cles while using zinc nitrate and zinc acetate as the precursor. Cal-
cination at 500 oC transformed the resulting powder into mesoporous
nanoparticles with a well-defined hexagonal structure. The effect
of zinc precursor on the formation of mesoporous ZnO nanopar-
ticles showed that zinc sulfate failed to produce ZnO after calcina-
tion at 500 oC. Instead, the resulting powder is characterized as
zinc sulfate mineral. Although the resulting powder is inactive for
photocatalytic reactions, it is interesting to understand the effect of
counter anion in ZnO formation. In general, calcination of zinc
precursor at high temperatures transformed the hydrolyzed zinc
into ZnO. The presence of gelatin increased F127 stability via inter-
action between amine groups in gelatin with the hydroxyl group
in F127. The emulsion is stable enough to preserve the nanoparti-
cle’s structure even at high temperature calcination. The presence
of sulfate transformed gelatin and F127 mixtures into a mixture of
surfactants with sulfate anions, thus rearranging the stabilized Zn2+

into gunningite minerals.
Nevertheless, ZnO produced from zinc nitrate, and zinc acetate

precursors exhibited photocatalytic activity for degradation of MB
under UV LED and natural sunlight irradiation. The mechanism

Fig. 11. The effect of MB concentration (a) and pH of MB solution (b) on photodegradation efficiency of ZnO from zinc acetate.

Table 4. Photodegradation at different initial concentrations of MB
and first-order constant values for MB degradation using
ZA

Initial conc.
Co (mg L1)

Rate, kapp

(×102 min1)
Initial rate, ro

(×101 mg L1 min1)
10 8.94 8.94
20 4.39 8.78
30 2.08 6.24
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of MB photodegradation was proposed based on the determina-
tion of the charge transfer mechanism using the electronegativity
concept in Eqs. (3) and (4) [48] in order to determine the band
edge position of ZnO.

(3)

(4)

EVB and ECB are the VB and CB energy levels, respectively. Ee (~4.5
eV) is the energy of a free electron on the hydrogen scale. Eg is the
band gap energy of semiconductor, and X indicates the semicon-
ductor’s electronegativity, which is determined by the mean of the
electron affinity energy and first ionization. The X value for ZnO
from zinc acetate was calculated as 5.76 eV. The calculated EVB and
ECB of ZA are 2.79 and 0.27 eV, respectively.

Fig. 12 illustrates the band position and the proposed mecha-
nism of MB degradation on a single ZnO during the photocata-
lytic reaction. When UV light penetrated the ZnO surface, the
photon energy was utilized for electron excitation from VB to CB,
leaving a hole on VB. Due to the potential of ECB being higher
compared to O2/•O2 (~0.33 for NHE), the reduction of O2 to
•O2 by the excited electron was impossible. However, the photo-
generated h+ in the valence band in ZnO was feasible to produce
•OH radicals because the position of VB level is more positive
than the potential level of H2O/•OH (~2.27 eV for NHE) [49].
•OH radicals are very reactive oxidation species for the degrada-
tion of MB molecules. The photocatalytic degradation of MB is
summarized as follows:

ZnO+hZnO (eCB+h+
VB) (5)

h+
VB+H2OHO•+H+ (6)

h+
VB+OH

•OH (7)

MB+•OHCO2+H2O+degradation products (8)

Hydroxyl radical, •OH is a reactive radical species responsible for
bond dissociation and oxidation, such as C-N=C fragments during

MB photodegradation. The unsaturated C-C bond was dissoci-
ated by •OH radical [50,51] to form the intermediate species, sub-
sequently oxidized to produce H2O and CO2.

The utilization of scavenger molecules was investigated to ver-
ify the active species during the MB photocatalytic process. Iso-
propanol (IPA) acted as hydroxyl radicals/•OH scavenger [52],
meanwhile dimethyl sulfoxide (DMSO) was utilized as electron/e-

scavenger [53]. The addition of methanol (CH3OH) in photocata-
lytic reaction will explain the role of photodegraded hole/h+ in degra-
dation reaction [54]. Meanwhile, ascorbic acid (AA) was utilized
as a superoxide radical/•O2

 scavenger. Fig. 13 shows that the addi-
tion of ascorbic acid to the catalyst suspension achieved similar
photodegradation efficiency as the MB solution without the addi-
tion of a scavenger compound. These results verified that •O2 was
inadequate to generate in the system due to the conduction band
of ZnO being lower than O2/•O2

 potential. The addition of meth-
anol and DMSO showed a reduction in photocatalytic efficiency
to only ~68%. Meanwhile, when isopropyl alcohol was added, the
efficiency dropped to only 52%, implying that •OH radicals largely
catalyze photodegradation. However, since the hydroxyl radical
can be generated via the reaction of an electron or hole with a sur-
face hydroxyl group or water, the addition of electron and hole
scavenger also reduced the photodegradation of MB.

CONCLUSION

We have developed a double colloidal system to prepare meso-
porous ZnO nanoparticles using gelatin and Pluronic F127 tem-
plates and different types of Zn2+ precursors. Photodegradation of
methylene showed high efficiency of photocatalysts obtained from
zinc acetate (ZA) and zinc nitrate (ZN); meanwhile, utilization of

EVB   X   Ee
  

1
2
--Eg

ECB   EVB  Eg

Fig. 12. Proposed mechanism of methylene blue photocatalytic on
ZnO under UV-LED irradiation.

Fig. 13. The efficiency of methylene blue photodegradation in the
presence of scavenger agents using ZnO from zinc acetate
precursor.
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zinc sulfate (ZS) as precursor produced inactive catalysts. Charac-
terization studies revealed that only zinc nitrate and zinc acetate
produced ZnO; zinc sulfate formed a stable gunningite mineral.
TGA analysis data suggested that the stable phase of zinc sulfate
upon interaction with gelatin and pluronic prevented the transi-
tion into ZnO.
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