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Abstract:
0.5%, 1.0%, and 3.0% Pt/ZnO nanocomposites synthesized by the photoreduction deposition method were
used for studying UV-light-driven photodegradation of methylene blue (MB). Phase and composition of
heterostructure 3.0% Pt/ZnO nanocomposites were indexed to a hexagonal ZnO phase doped with face-
centered cubic (FCC) Pt structure characterized by XRD. According to FTIR and Raman analyses of Pt/ZnO
nanocomposites, the vibration of ZnO was influenced by the strong interaction of metallic Pt nanoparticles.
SEM images of heterostructure Pt/ZnO nanocomposites show that they were composed of flower-like ZnO
structures with spherical Pt nanoparticles decorated on the surface of nanoplate petals. The photocatalytic
performance of the as-prepared samples was evaluated by deleting methylene blue (MB) as a toxic dye model
under UV light irradiation. The loaded Pt nanoparticles played the role in preventing the recombination
of photo-excited electrons and photo-induced holes and enhancing the photocatalytic reaction of ZnO. In
this research, 0.5% Pt/ZnO nanocomposites were the best UV-light-driven photocatalyst with % degradation
efficiency of 97.37% within 180 min and with •O−

2 and h+ as main active species.
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1. Introduction

In recent years, azo organic pollutants drained out of the
paper, pharmaceutical, textile, and dyeing industries have
had a very great impact on the environment and living or-
ganisms [1–4]. Among azo organic dyes, methylene blue
(C16H18ClN3S, MB) is an aromatic heterocyclic basic dye
with highly water-soluble properties, and a stable solution
begins to exist at room temperature [5, 6]. It is a commer-
cial dye used in textile industries and is drained into natural

sources. It is harmful to human health, such as respiratory
distress, abdominal disorder, blindness, digestive system,
mental disorder, and destructive effect on the environment
because of its toxic, carcinogenic, and non-biodegradable
properties [5–7]. Advanced and effective treatment of pho-
tocatalytic semiconductors plays the role in absorbing pho-
tonic energy and generating excited electrons in the conduc-
tion band (CB) and inducing holes in the valence band (VB).
In the end, azo organic dye molecules present in wastewater
are degraded by direct and indirect pathways [8–10]. In the
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direct photocatalytic pathway, the electron-hole pairs can
directly attack the adsorbed pollutant on the surface of the
semiconductor photocatalyst [8, 9]. For the indirect photo-
catalytic pathway, the electrons and holes react with O2 and
H2O/OH− to produce •O−

2 and •OH radicals, which can
transform these molecules into carbon dioxide and water
[2, 3, 11–13]. Photocatalysis is an environmentally friendly,
mild condition, and energy-conservative process with no
secondary pollution production [2, 3, 11–13].
ZnO, an n-type semiconductor of group II–VI, is an ex-
cellent photocatalyst used for degrading azo organic dyes
because it is environmentally friendly, nontoxic, and inex-
pensive, and has high electron mobility [1, 14–18]. Never-
theless, ZnO with an Eg of 3.37 eV is limited by its practical
photocatalytic application in only the UV range, high re-
combination rate of photo-excited electrons/photo-induced
holes, and photocorrosion resistance [14–16, 19–22]. To
develop ZnO photocatalyst, it is coupled with other semicon-
ductors [11, 16, 21]. Surface defects [12, 19], metal dopants
[14, 15, 20, 23–25], and anion dopants [26, 27] have been in-
vestigated in recent years. ZnO coupled with noble metal is
the effective way to enhance UV light-driven photocatalytic
performance because the loaded noble metallic nanoparti-
cles can play the role in accepting photo-excited electrons
from conduction band (CB) of ZnO by creating localized
surface plasmon resonance (LSPR) effect, suppressing the
rate of carrier recombination and enhancing photocatalytic
reaction rate [14, 23, 24, 28, 29]. For examples, Ashkarran
reported that he succeeded in preparing Ag/ZnO nanostruc-
ture by two times combination of simple arc discharge in
liquid and the sample showed enhanced photodegradation
of rhodamine B (Rh B), methyl orange (MO) and methylene
blue (MB) under visible light irradiation because of the no-
ble Ag as electron trap inside [14]. Zhu et al. reported that
the recombination of photogenerated electrons and holes
in ZnO under UV-visible light irradiation was effectively
suppressed by the loaded Ag. Ag/ZnO photocatalyst has
the photocatalytic activity higher than ZnO and commercial
TiO2 P25 [23].
The present research aims to study the weight content effect
of Pt dopant on three-dimensional (3D) flower-like ZnO
structure in the photocatalytic degradation of methylene
blue (MB) as a toxic dye model under UV light irradiation.
The 3D flower-like ZnO structure was synthesized by the
precipitation method in a solution containing NaOH as a
precipitating reagent, followed by calcination at 600 °C for
2 h. The different weight contents of Pt were loaded on
the surface of a 3D flower-like ZnO structure by the pho-
todeposition method. Phase, morphology, oxidation state,
and optical properties of Pt/ZnO were studied by different
analyzers. The as-prepared 0.5% Pt/ZnO nanocomposites
showed excellent UV light-driven photocatalytic degrada-
tion of MB under UV light irradiation. Furthermore, the
photocatalytic mechanism of 0.5% Pt/ZnO nanocomposites
in degrading MB was investigated and discussed in this
research.

2. Experiment
To prepare the 3D flower-like ZnO structure by a simple
direct precipitation method, 0.045 mole Zn(NO3)2·6H2O
was dissolved in 200 mL reverse osmosis (RO) water, fol-
lowed by the addition of 40 mL 3 M NaOH solution as a
precipitating reagent. Upon magnetically stirring the solu-
tion system for 12 h, the Zn2+ solution was transformed
into a white precipitate suspension. The white precipitate
suspension was filtered, washed, dried, and calcined in a
laboratory furnace at 600 °C in ambient atmosphere for 2 h
to form a 3D flower-like ZnO structure. Subsequently, dif-
ferent weight contents of H2PtCl6·xH2O with 0.5%, 1.0%,
and 3.0% Pt were dissolved in 200 mL ethylene glycol,
including the subsequent addition of 2.5 g 3D flower-like
ZnO powder. The system was irradiated by UV light from
a UV lamp for 3 h under magnetically stirring. In the end,
the as-prepared Pt/ZnO nanocomposites with 0.5%, 1.0%,
and 3.0% Pt by weight were collected, washed, and dried
for further characterization.
Phase and purity of the samples were analyzed by a Philips
X’Pert MPD X-ray diffractometer (XRD) in the range of 10°
− 70° and at a scanning rate of 0.02°·s−1. The XRD spectra
of ZnO and Pt/ZnO were analyzed using the Xpert High-
Score Plus-Rietveld Method. Fourier transform infrared
(FTIR) spectra of samples were analyzed on a BRUKER
TENSOR 27 Fourier transform infrared (FTIR) spectrome-
ter using KBr as a diluting agent. Raman spectra of samples
were analyzed on a HORIBA JOBIN YVON T64000 Ra-
man spectrometer with 50 mW and 514.5 nm wavelength
Ar green laser. Morphology and elemental analyses of the
as-prepared samples were characterized by a scanning elec-
tron microscope (SEM, JEOL JSM IT800) equipped with an
Oxford INCA energy dispersive X-ray spectrometer (EDS)
operated at 15 kV. Elemental composition and oxidation
state of samples were determined by an X-ray photoelec-
tron spectrophotometer (XPS, Kratos X-ray Photoelectron
Spectrometer–Axis Ultra DLD) using the monochromated
Al Kα (1486.6 eV) radiation and C 1 s of 285.1 eV as a
standard. Optical properties of samples were analyzed by
a UV-visible diffuse reflectance spectrophotometer (UV-
vis DRS, Shimadzu UV-2600) in the wavelength range of
200−800 nm at room temperature using BaSO4 as a stan-
dard.
To investigate the photocatalytic performance of the as-
prepared sample, 200 mg photocatalyst was suspended in
200 mL of 1×10−5 M methylene blue (MB) solution in a
photocatalytic dark box and magnetically stirred in the dark
for 30 min. Subsequently, the solution system was illumi-
nated by a UV light from three 18 W black light blue fluo-
rescent with a wavelength of 370 nm. During illumination,
5 mL of the MB solution was withdrawn from the solution
system every 30 min. The residual photocatalyst containing
in MB solution was removed by being centrifuged at 4500
rpm and analyzed for the absorption of residual content
of MB at λmax of 664 nm by a PerkinElmer Lambda 25
UV/Vis Spectrophotometer. The photocatalytic efficiency
was calculated by the below equation.

Photocatalytic efficiency(%) =
C0 −Ct

C0
×100 (1)

2252-0236[https://doi.org/10.57647/j.ijc.2025.1503.26]

https://doi.org/10.57647/j.ijc.2025.1503.26


Phuruangrat et al. IJC15 (2025) -152526 3/13

where C0 and Ct are the MB concentrations before (t = 0)
and after (t = t) photocatalytic reaction under UV light ir-
radiation. The MB content after photocatalytic reaction
over 0.5% Pt/ZnO was analyzed by a 2690 LCT Micro-
mass electrospray ionization (ESI) mass spectrometer in a
positive ion mode to determine the final agents left in the
photocatalytic solution system.

3. Results and discussion

X-ray diffraction (XRD) pattern of pure ZnO sample (Fig. 1)
synthesized by the precipitation method using NaOH as a
precipitating reagent, followed by 600 °C calcination in air
for 2 h. It was indexed to the pure phase of hexagonal ZnO
structure (JCPDS No. 00-036-1451 [30]). Other diffraction
peaks of impurities were not detected in the XRD pattern.
For the XRD patterns of heterojunction 0.5% and 1.0%
Pt/ZnO nanocomposites (Fig. 1), they show diffraction pat-
terns similar to that of the hexagonal ZnO structure without
the loaded Pt. The XRD pattern of 3.0% Pt/ZnO nanocom-
posites (Fig. 1) contains an additional diffraction peak at
2θ of 39.89°, which can be indexed to the (111) diffrac-
tion plane of face-centered cubic (FCC) metallic Pt phase
(JCPDS No. 00–004–0802 [30]). The particle size (D)
of ZnO and Pt was calculated using the Scherrer equation

below.

D =
Kλ

β cosθ
(2)

where K is the shape factor (0.89), λ is the Cu Kα (1.54056
Å) line, and β is the full width at half maximum (FWHM)
in radian [31–34]. Moreover, the crystallite size and mi-
crostrain of ZnO were calculatedd by the Williamson-Hall
equation as follows.

β cosθ =
kλ

D
+4ε sinθ (3)

where ε is the lattice microstrain. Fig. 2 shows the linear
plotted graphs of 4sinθ against β cosθ for the as-prepared
ZnO and Pt/ZnO nanocomposites [32, 35]. The crystallite
size of as-prepared ZnO and Pt/ZnO nanocomposites was es-
timated from the y-intercept, while the strain of as-prepared
ZnO and Pt/ZnO nanocomposites was estimated from the
slope. The particle size and microstrain of the samples were
calculated and summarized in Table 1.
Fourier-transform infrared (FTIR) spectrum of pure ZnO
sample (Fig. 3 (a)) shows a sharp FTIR peak at 432
cm−1, which is related to the stretching vibration of Zn–O
[2, 12, 15, 18, 25]. For the FTIR spectra of Pt/ZnO
nanocomposites (Fig. 3 (a)), the stretching vibration of
Zn–O was slightly shifted to 435 cm−1 due to the strong

Figure 1. XRD patterns of as-prepared 0.0%, 0.5%, 1.0% and 3.0% Pt/ZnO samples.
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Figure 2. Linear plots of 4sinθ and β cosθ of as-prepared (a) ZnO, (b) 0.5% Pt/ZnO, (c) 1.0% Pt/ZnO and (d) 3.0% Pt/ZnO.

interaction of metallic Pt nanoparticles and hexagonal
wurtzite ZnO sample. The FTIR spectra of ZnO and het-
erojunction Pt/ZnO nanocomposites show the broad band at
3200−3650 cm−1, which is related to the O–H stretching of
adsorbed water on the sample surface [2, 3, 12, 15, 18, 25].
Raman spectrum of pure ZnO sample (Fig. 3 (b)) shows a
dominant Raman peak at 436 cm−1, which was assigned to
the phonon E2(H) mode of characteristic hexagonal ZnO
structure [2, 18, 25, 36]. The intensity of the phonon E2(H)
mode was decreased and broadened when the ZnO sam-
ple was loaded with Pt nanoparticles due to the Localized
Surface Plasmon Resonance (LSPR) effect of metallic Pt
nanoparticles [36–38]. The LSPR is defined as the collec-
tive oscillation of conduction electrons near the surface of
noble metal illuminated by photonic light, leading to the
existence of a localized electromagnetic field with distinct

optical properties. The E2(H) − E2(L) and A1T modes of
the hexagonal ZnO structure were detected at 332 and 379
cm−1 [2, 18, 25, 36]. The E1(L) mode of hexagonal ZnO
structure is related to the intrinsic defects such as zinc inter-
stitial (Zni) and oxygen vacancy (VO) at a wavenumber of
583 cm−1 [2, 18, 25, 36]. The loaded Pt nanoparticles have
the benefit of better photocatalytic activity of ZnO sample
[12, 25, 36, 39].
The oxidation state and composition of heterostructure 0.5%
Pt/ZnO nanocomposites were analyzed by X-ray photoelec-
tron spectroscopy (XPS) at 0− 1200 eV using C 1s as a
standard. Fig. 4 (a) shows the full survey XPS spectrum of
heterostructure 0.5% Pt/ZnO nanocomposites. It presents
only binding energies of Pt, Zn and O containing in het-
erostructure 0.5% Pt/ZnO nanocomposites. The heterostruc-
ture 0.5% Pt/ZnO nanocomposites are ZnO phase doped

Table 1. Particle size and microstrain of the samples.

Sample

ZnO Pt

Scherrer particle size W-H particle size Microstrain Scherrer particle size

(nm) (nm) (nm)

ZnO 32.77 ± 7.18 136.616 2.14 -

0.5% Pt/ZnO 27.23 ± 8.13 139.243 1.94 -

1.0% Pt/ZnO 27.22 ± 8.41 154.172 2.01 -

3.0% Pt/ZnO 26.56 ± 8.75 188.593 2.15 7.06
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Figure 3. (a) FTIR and (b) Raman spectra of ZnO, 0.5% Pt/ZnO and 3.0% Pt/ZnO samples.

with Pt nanoparticles. Fig. 4 (b) shows high resolution
binding energy of Pt 4f core level of heterostructure 0.5%
Pt/ZnO nanocomposites. The major high resolution bind-
ing energy peaks of Pt 4f5/2 and Pt 4f7/2 of metallic Pt0

containing in heterostructure 0.5% Pt/ZnO nanocomposites
were detected at 74.81 eV and 71.47 eV [36, 40–43]. The
minor binding energies of Pt 4f at 75.62/72.29, 76.38/73.08

and 77.23/73.95 eV were assigned to the spin orbitals
of Pt4f5/2/Pt4f7/2 for Pt2+/Pt4+ because the metallic Pt0

nanoparticles were oxidized to Pt(OH)2, PtO and PtO2 [41–
43]. The binding energy peaks of Pt 4f5/2 and Pt 4f7/2 of
metallic Pt0 in heterostructure 0.5% Pt/ZnO nanocompos-
ites were slightly shifted to the higher values because of the
spontaneous electron transfer from Pt nanoparticles to ad-

Figure 4. (a) Full XPS survey spectrum and high-resolution spectra of (b) Pt 4f, (c) Zn 2p and (d) O 1s core levels of 0.5% Pt/ZnO nanocomposites.
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sorbed oxygen resulting from the difference in Fermi energy
of Pt and adsorbed oxygen [44, 45]. The high resolution
XPS spectrum of Zn 2p core level (Fig 4 (c)) shows two
symmetric binging energy peaks located at 1022.53 eV of
Zn 2p3/2 and 1045.60 eV of Zn 2p1/2 with energy differ-
ence of 23.07 eV. Thus, the oxidation state of Zn species
in heterostructure 0.5% Pt/ZnO nanocomposites was 2+
[15, 20, 23, 25]. The asymmetric high resolution XPS spec-
trum of O 1s of heterostructure 0.5% Pt/ZnO nanocom-
posites (Fig. 4 (d)) was deconvoluted through the Gaus-
sian fitting model. They were attributed to the Zn–O bond
(531.34 eV), Ov (532.83 eV) and adsorbed H2O on surface
of heterostructure 0.5% Pt/ZnO nanocomposites (533.86

eV) [14, 15, 20, 23, 25, 40].
Scanning electron microscopic (SEM) image of as-prepared
pure ZnO sample (Fig. 5 (a) and (b)) clearly shows uniform
three-dimensional (3D) flower-like ZnO structure with a
size of 2−6 µm. Each 3D flower-like ZnO structure was
built up from several hundred nanoplate petals that grew
from a single center of the 3D flower-like ZnO structure.
The ZnO nanoplates with smooth surfaces have a 80−100
nm diameter and are 200−1000 nm long. The SEM images
of heterostructure 0.5% and 3.0% Pt/ZnO nanocomposites
(Fig. 5 (c–f)) present uniform 3D flower-like ZnO structure
with the average size of 2− 5 µm. The SEM images of
heterostructure 0.5% and 3.0% Pt/ZnO nanocomposites at

Figure 5. SEM images with high and low magnification of as-prepared (a, b) ZnO, (c, d) 0.5% Pt/ZnO and (e, f) 3.0% Pt/ZnO samples.
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high magnification show that the nanoplate petals are rough
surface. They can be seen that Pt nanoparticles decorated
on top of nanoplate petals of 3D flower-like ZnO struc-
ture. These results certified the formation of heterojunction
of Pt nanoparticles–nanoplate petals of the 3D flower-like
ZnO structure. The elemental constituents of heterostruc-
ture 0.5% Pt/ZnO nanocomposites were analyzed by energy
dispersive X-ray spectroscopy (EDS) as the results shown
in Fig. 6. The analysis certified the presence of Pt (red),
Zn (green) and O (yellow) constituents containing in the
nanocomposites. The weight percent of Pt, Zn and O in
0.5% Pt/ZnO were calculated and summarized in Table 2.
The weight percent of Pt is very close to 0.5%. The metal-
lic Pt nanoparticles were well dispersed on the surface of
3D flower-like ZnO structure. These results indicated the
successful synthesis of 3D flower-like ZnO structure loaded
with metallic Pt nanoparticles on the top by photodeposition
method.

The optical absorbance of ZnO and Pt/ZnO samples
(Fig. 7 (a)) was analyzed by UV-vis diffuse reflectance
spectroscopy at room temperature using BaSO4 as a refer-
ence in a wavelength range of 200−800 nm. The UV-vis
DRS spectrum of 3D flower-like ZnO structure shows the
high UV absorption with the absorption edge of 395 nm
due to the electronic transition of hexagonal ZnO phase.
The 3D flower-like ZnO structure is active only in the UV
region [46–48]. When Pt nanoparticles were loaded on
the 3D ZnO flowers, the UV-vis DRS spectra of Pt/ZnO
nanocomposites in the visible region of 400−700 nm were
strengthened due to the surface plasmon resonance (SPR)
effect of Pt nanoparticles [13, 14, 23, 46]. The absorption
edge of 3% Pt/ZnO nanocomposites was slightly shifted to
391 nm. The energy gap (Eg) of ZnO and Pt/ZnO samples
were calculated by the below Tauc relation.

(αhν)2 = A(hν–Eg) (4)

Figure 6. (a) SEM image and EDS maps of (b) Pt, (c) Zn and (d) O containing in 0.5% Pt/ZnO nanocomposites prepared by photoreduction deposition
method.

Table 2. Weight percent of Pt, Zn and O containing in 0.5% Pt/ZnO nanocomposites.

Elements Weight percent (%)

Pt 0.43

Zn 83.45

O 16.12
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Figure 7. (a) Photonic absorbance and (b) Tauc plots of as-prepared 0.0%, 0.5%, and 3.0% Pt/ZnO samples.

where α is the coefficient of absorbance, A is a constant
and hν is the photon energy [52–55]. Fig. 7 (b) shows the
plot of (αhν)2 versus hν of ZnO and Pt/ZnO samples. The
Eg of ZnO and Pt/ZnO were determined by extrapolating
the linear part of the plot of (αhν)2 as a function of hν

to intercept the hν axis at zero absorbance. The Eg was
decreased from 3.24 eV of ZnO to 3.21 eV of 3% Pt/ZnO
nanocomposites caused by the synergetic interaction of Pt
nanoparticles and 3D flower-like ZnO structure.
The cationic MB dye was monitored for photocatalytic ac-
tivity of pure ZnO and Pt/ZnO samples under UV light
irradiation. Fig. 8 shows the UV–vis absorbance of MB
solution over pure ZnO and 0.5% Pt/ZnO samples for dif-
ferent lengths of UV illumination. They were found that the
UV–vis absorbance of MB at 664 nm over heterostructure
0.5% Pt/ZnO nanocomposites were decreased faster than
that over pure ZnO sample without the loaded Pt nanoparti-
cles. The results indicated that the loaded Pt played the role
in enhancing the photocatalytic performance of ZnO under
UV light irradiation.
Fig. 9 (a) shows UV-light-driven photocatalytic perfor-
mance of the as-prepared 0.0%, 0.5%, 1.0% and 3.0%

Pt/ZnO samples. In this research, UV-light-driven photocat-
alytic efficiencies of heterojunction Pt/ZnO nanocomposites
were higher than that of pure ZnO sample. The Pt nanopar-
ticles can play the role in enhancing the photocatalysis of
ZnO under UV light irradiation [14, 23, 56, 57]. The pho-
todegradation efficiencies were 37.76%, 97.37%, 69.84%
and 55.40% photocatalyzed by 0.0%, 0.5%, 1.0% and
3.0% Pt/ZnO samples, respectively. The UV-light-driven
photocatalytic efficiency of heterojunction 0.5% Pt/ZnO
nanocomposites was the highest. Pt nanoparticles acted as
a conductor for the photo-excited electrons in CB of ZnO.
Thus, the recombination of photo-excited electrons–photo-
induced holes of ZnO was inhibited and the photocatalytic
reaction rate was enhanced [8, 17, 32]. The pseudo-first-
order reaction rate constants for photodegradation of MB
over the as-prepared ZnO and Pt/ZnO samples under UV
light irradiation were expressed by the following.

ln(C0/Ct) = kt (5)

where C0 and Ct are the concentrations of MB in the dark
(t = 0) and after UV irradiation for a period of time t = t
[56, 58, 59]. The pseudo-first-order plots (Fig. 9 (b)) fol-

Figure 8. UV–vis absorbance of MB photocatalyzed by pure ZnO and 0.5% Pt/ZnO samples for different lengths of illumination time.
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Figure 9. (a) UV-light-driven photocatalytic performance and (b) pseudo-first-order kinetics of as-prepared 0.0%, 0.5%, 1.0% and 3.0% Pt/ZnO
nanocomposites in degrading MB.

lowed the linear lines with R2 → 1 for all the photocat-
alysts [1, 2, 14, 15, 18, 60]. The kinetic rate constants
were 2.42× 10−3, 0.0192, 6.74× 10−3 and 4.57× 10−3

min−1 for MB degradation photocatalyzed by 0.0%, 0.5%,
1.0% and 3.0% Pt/ZnO samples, respectively. The degrada-
tion of MB photocatalyzed by heterojunction 0.5% Pt/ZnO
nanocomposites was the highest. The photocatalytic effi-
ciencies of the present and previous works were compared
in Table 3. Clearly, the 0.5% Pt/ZnO nanocomposites show
the photocatalytic performance higher than the pure ZnO
sample and other metal or metal oxide-doped ZnO samples
due to the formation of a heterojunction between the noble
metal nanoparticles and the semiconductor photocatalyst
[17, 18, 46–51].
The MB solutions before and after being photocatalyzed
by heterojunction 0.5% Pt/ZnO nanocomposites for differ-
ent lengths of time were analyzed by mass spectroscopy

in a positive mode (Fig. 10). The mass spectrum of
pure MB (C16H18N3S+Cl−) before photocatalytic reac-
tion shows the mass to charge (m/z) ratio of 284 [7, 61–
63]. When the photocatalytic reaction was proceeding,
hydroxyl radicals and reactive oxygen species (ROS)
played the role in attacking MB in a multi-step path-
way with the subsequent formation of thionine acetate,
azure A and B products, including single and double
ring structured products. hydrazinecarbothioamide, N-
(phenylmethyl)-2-(phenylmethylene) (C15H15N3S+, m/z =
270), 2-chlorobenzaldehyde N-phenylthiosemicarbazone
(C14H12N3S+, m/z = 256) and 3-(5-Phenyl-1,3,4-
thiadiazol-2-yl)pyridine (C13H9N3S, m/z = 242) formed
and were transformed into small alicyclic organic com-
pounds and followed with open ring into aliphatic com-
pounds [7, 61–64]. New m/z = 148, 141, 133, 131 and 122
were detected with the final formation of CO2, H2O, Cl−,

Table 3. Comparison for photocatalytic efficiencies of the present and previous works.

Photocatalysts Dyes Light irradiation Photocatalytic performance References

Cu2O/ZnO composites MO Visible light 98% within 240 min [17]

2D ZnO nanoplates

MB UV light

97.54% within 240 min

[18]ZnO multi-layered nanorod microflowers 77.82% within 240 min

ZnO pyramid tip microflowers 89.10% within 240 min

Ag/ZnO nanocomposites MB Sun light 98.95% within 210 min [46]

ZnO nanoparticles
MB

UV light
100% within 210 min

[47]
MO 82.78% within 210 min

Cu-doped ZnO nanoparticles MB
UV light 85% within 210 min

[48]
Visible light 90% within 210 min

Co-doped ZnO thin films
MB UV light

91.3% within 210 min
[49]

In-doped ZnO thin films 85% within 210 min

Mg-doped ZnO thin films MB UV light 97% within 330 min [50]

Mn-doped ZnO nanoparticles Orange II Visible light ∼ 75% within 240 min [51]

0.5% Pt/ZnO nanocomposites MB UV light 97.37% within 180 min This work
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Figure 10. Mass spectroscopy of MB over 0.5% Pt/ZnO nanocomposites under UV light irradiation at the time of 0 min (in the dark) and at the end of 90
min and 180 min photocatalysis.

SO2−
4 and NO−

3 at the conclusion of 180 min.
Fig 11a shows the photocatalytic efficiencies for MB degra-
dation of the cyclic experiment of 0.5% Pt/ZnO nanocom-
posites illuminated by UV light. At the end of each photo-
catalytic cycle, the re-used 0.5% Pt/ZnO nanocomposites
were collected by filtration, washed with 95% ethanol and
dried for the next photocatalytic cycle. The photocatalytic
efficiency was little reduced to 94.35% at the end of cycle
five. The results indicated that Pt/ZnO nanocomposites are
excellently stable and recyclable in practical application.
Isopropanol (IPA), p-benzoquinone (BQ) and disodium
ethylene diamine tetraacetate (EDTA-2Na) were also added
in photocatalytic solutions in order to trap hydroxyl radical
(•OH), superoxide radical (•O−

2 ) and hole (h+) during MB
degradation photocatalyzed by the as-prepared 0.5% Pt/ZnO

nanocomposites [60, 65–68]. Fig. 11 (b) shows the photo-
catalytic efficiencies for MB degradation with and with-
out different scavengers photocatalyzed by 0.5% Pt/ZnO
nanocomposites under UV light irradiation. In this research,
the photocatalytic efficiencies were much suppressed by BQ
and EDTA-2Na and were reduced to 10.98% and 32.79%
for MB degradation under UV light irradiation within 180
min. The photodegradation for MB with IPA adding over
0.5% Pd/ZnO nanocomposites was slightly decreased to
82.13% within 180 min under UV light irradiation. Thus,
•OH was not involved in photocatalysis of MB by 0.5%
Pt/ZnO nanocomposites under UV light irradiation. In con-
clusion, •O−

2 and h+ were the main active species used for
dye degradation over 0.5% Pt/ZnO nanocomposites under
UV light irradiation [14, 23, 56, 67].

Figure 11. (a) Photocatalytic performance of re-used 0.5% Pt/ZnO nanocomposites in degrading MB for five cycles. (b) Effect of different trapping agent
during photocatalysis of 0.5% Pt/ZnO nanocomposites.
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Figure 12. A possible UV-light-driven photocatalytic mechanism of as-prepared Pt/ZnO nanocomposites in degrading MB.

Fig. 12 shows a possible UV-light-driven photocatalytic
performance for MB degradation over as-prepared Pt/ZnO
nanocomposites. Under UV light irradiation, electrons were
excited from valence band (VB) to conduction band (CB)
of ZnO with the induction of holes in the valence band (VB)
[1, 14, 23, 56, 67]. To prevent the recombination of elec-
trons–holes, photo-excited electrons in CB of ZnO diffuse
to the Pt nanoparticles acted as electron conductor due to the
lower Fermi level of Pt nanoparticles [14, 23, 56, 67]. Sub-
sequently, the adsorbed O2 and adsorbed OH−/H2O com-
bined with the photo-excited electrons and photo-induced
holes to form •O−

2 and •OH radicals which played the role
in degrading MB and transformed the dye into CO2, H2O
and small inorganic ions [14, 23, 56, 67].

4. Conclusion
Heterojunction Pt/ZnO nanocomposites were successfully
synthesized by a photoreduction deposition for MB
degradation under UV light irradiation. In this research,
weight content of the loaded Pt on 3D flower-like ZnO
structure was the key parameter for UV light-driven
photocatalytic degradation of MB. The heterojunction 0.5%
Pt/ZnO nanocomposites have the highest UV light-driven
photocatalytic activity and •O−

2 and h+ were the main
active radicals. Furthermore, the heterojunction 0.5%
Pt/ZnO nanocomposites were excellently stable and
recyclable in practical photocatalytic application.
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