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Abstract. The commercial nanoparticles ZnO with C2,- P6;mc hexagonal
structure, particle size of hundreds of nanometer and band gap energy about of
3.26 eV have been used on photocatalyst for methylene blue. The results showed
that: as increasing irradiated time from 30 minutes to 120 minutes by 365 nm
radiation of Narva LT 18W ultra - violet lamp, the color of methylene-blue and
ZnO mixture were depleted gradually, in which the absorptance and
photoluminescence intensity were also decreased. The cause of these phenomena
has been studied and explained. The role of ZnO nanopowder photocatalyst for
Van Phuc dye wastewater (Ha Dong district, Hanoi city) has been tested by the first step.
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1. Introduction

Methylene blue is an organic pigment with the molecular formula C16H1sN3SCI and
the graphic formula present in Figure 1, including 3 aromatic rings containing the color
group -C =C, -C = N, -C = S and the support group color -N (CHs) 2 [1]. This pigment
is quite stable, imperfect with base, has strong redox and oxidation properties, so it is
widely used in chemistry, biology and medicine [1]. However, methylene blue is also
very toxic because it contains aromatic rings, so after being discharged, it will pollute
the environment and cause bad effects on plants and human health.
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Figure 1. Stuctural formula of methylene blue
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For the treatment of organic pigments and methylene blue in wastewater, some
traditional chemical and biological methods such as ozonation, absorption, adsorption
[1-3] can be used. In recent years, it has also used photocatalytic properties caused by
the surface effects of undoped and doped TiO,, ZnO, ZnS nanoparticles to decompose
organic pigments into non-toxic products, there are H,0 and CO, [4-6]. Among these
nanoparticles, ZnO has good photocatalytic ability for organic pigments under the effect
of radiation in the ultraviolet region or in the visible region [5]. However, up to now, the
photoluminescent spectra have almost no papers mentioned in investigated process of
photocatalytic properties for methylene blue.

This paper presents the researching results the PL spectra and UV spectra and
photocatalyst ability of commercial ZnO nanoparticles for methylene blue under the
effect of ultraviolet radiation. These results are base to study the preparation of ZnO
nanoparticles, doping with some non-metallic such as C, N, or ZnO/CNTS (ZnO/carbon

nanotube composites) to use in photocatalyst method in wastewater treatment under
solar radiation.

2. Content

2.1. Experiments

Photocatalyst process for methylene blue by commercial ZnO nanoparticles (Merck)
as follows. Dissolving 5 mg MB and 500 mg ZnO into 2 times distilled water,
separately, then magnetic stirring for 30 minutes. Mixing two mixtures in the ratio of
1:1 and magnetic stirring for 60 minutes. The obtained mixture solution (denoted as:
MB-ZnO) were simultaneously magnetic stirred and irradiated by 365 nm wavelength
of Narva LT 18 W ultraviolet lamp for 30 to 120 minutes. All magnetic stirring and
irradiating were conducted in dark room. After irradiating the obtained mixture solution
were centrifugated in order to get precipitation ZnO.

The crystalline phases of these ZnO nanoparticles were examined by XRD patterns
on XD8 Advance Bukerding diffractometer with Cu K, (A = 1.5406 A, 206 = 10° - 70°)
incident radiation at room temperature. The crystal size and mophology of these
nanopaticles were observed by TEM (JEM 1010). Uv-Vis spectra of ZnO nanoparticles,
MB solution and mixture of MB and ZnO (ZnO-MB) solution were recorded on 5000
UV-Vis-NIR Cary spectrometer. The photoluminescence (PL) spectra at 300 °C of ZnO
nanopowders, the mixture of ZnO powders diffused in the second time distilled water,
mixture of MB and ZnO were excited by 325 nm of He-Cd laser and recorded on 2300i
spectrometer.

2.2. Result and discussion

2.2.1. Crystalline structure and optical property of ZnO nanoparticles
Figure 2 presents XRD patterns of ZnO nanoparticles. There are peaks (010), (110),
(013), and (112) in which (011) peak is strongest intensity. XRD pattern shows that

ZnO nanoparticles are single phase, polycrystalline with Cg,- P6smc hexagonal
78



Study photocatalyst property of ZnO for methylene blue

structure and lattice crystalline constant of a=b =~ 3.2428 A, ¢ = 5.203 A. These values
are as the same as standard ones of ZnO (JPC Card. N, 036-1451; a = b = 3.2490 A,
¢ = 5.2066 A). The D average crystal size of ZnO nanoparticles were estimated from

094 . . .
Geos@’ which D (A) is the

crystal size, 4 is the X-ray wavelength of CuK,, B (rad) is the full width of diffraction
peak, 8 (rad) is the diffraction peak. The results show that average crystal size of ZnO
is about of 100 nm. While TEM image shows that ZnO nanoparticles are mainly quasi-
sphere shape possessing average crystal size of 200 - 400 nm. This value is bigger than
that from XRD pattern and Debye-Scherrer. The difference is due to Ostwald ripening
and Vander Waals interaction agglomerating nanocrystal together to form a bigger
crystal in preparation produce [7, 8]. Figure 4 presents UV-VIS spectra of ZnO
nanoparticles. There is only a wide band with absorption band edge at 352 nm related to
absorption transition near the band gap of ZnO crystal [9]. Base on the absorption
spectra, plot the dependence of (a/v)% on photon energy (hv) (the insert of Figure 4), the
band gap energy of ZnO is determined to be about of 3.260 eV, this value is consistent
with references [9].

XRD patterns and using Debye-Scherrer formula: D =
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Figure 2. XRD patterns of ZnO nanoparticles ~ Figure 3. TEM image of ZnO nanoparticles

20 30 40

352
30
151
= oN
3 )
= 1.0 10
s
=
B 0 3,26
2 08¢ 3 hiev) 4
0.0f
200 400 600 800

Wavelength (nm)

Figure 4. UV-VIS spectra of ZnO nanoparticles
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Figure 5b. PL of the mixture
Figure 5a. PL spectraof ZnO nanopowders of ZnO powders diffused
in the second time distilled water

Figures 5a, 5b show photoluminescence spectra of ZnO powder and the mixture of
ZnO powders diffused in the second time distilled water. Photoluminescence spectra of
ZnO powder (Figure 5a) mainly present a strong intensity peak at about 387 nm (3.202 eV).
This peak can be assigned to radiation of free exciton combination in ZnO with binding
energy of 58 meV [10]. In photoluminescence of the mixture of ZnO powders diffused
in distilled water, besides exciton peak, there is a wide band in the range of 400 — 600
nm with maximum at 430 nm (Figure 5b). This band can be assigned to the defects on
surface of ZnO nanoparticles after ZnO powders were diffused in distilled water [11].
However, the intensities of these peaks are low because density of ZnO nanoparticles is
small. The appearance of the peak of 387 nm also assigned to free exciton combination,
nearly absorption band edge, so the crystal structure and morphology show that
commercial ZnO nanoparticles have good quality that can be applied in photocatalyst
for organic pigment.

2.2.2. Photocatalyst of ZnO for methylene blue

Figure 6 shows images of MB-ZnO mixture solution with difference irradiation
time. When non-irradiating, the color of ZnO-MB mixture solution is blue (Figure 6a).
As irradiating with the time of 30, 60 minutes, the color of ZnO-MB mixture solution
gradually depleted (Figure 6b-c), then completely depleted as irradiated for 90, 120
minutes. This gradual depletion shows that ZnO nanoparticles act as photocatalyst for
MB. This effect was investigated by UV-VIS and photoluminescence spectra of MB-
ZnO mixture solution.

Figure 7 is the UV-VIS spectra of MB solution and MB-ZnO mixture solution
irradiated with difference time. In the UV-VIS spectra of MB, there presents 2 peaks at
250, 290 nm in the ultra violet region and 2 bands at about 610, 656 nm in the visible
region, in which 610 nm band has the strongest intensity (Figure 7a). These bands in the
ultraviolet band is assigned to m- m*absorption transition in coloured groups of MB.
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Bands in visible region belong to n - * absorption transition also in coloured groups of
MB, in which, notably the group of —C=N [12].

b c d e
Figure 6. MB-ZnO mixture solution irradiated a. 0 minute, b. 30 minutes,
¢. 60 minutes, d. 90 minutes, e. 120 minutes
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Figure 7. UV-VIS spectra of MB solution Figure 8. PL spectra of MB solution non
non irradiated and MB-ZnO mixture solution irradiated and MB-ZnO mixture solution
irradiated for different time irradiated for different time

With MB-ZnO non-irradiated, in UV-VIS spectra, there peaks and bands
characterized to coloured groups in the same position as MB solution but the
absorptance reduced remarkablely. The 610 nm band is reduced more than 656 nm
band (Figure 7b). The absorptance decreasing of bands, peaks and the change in
correlation between 610 nm and 656 nm band can be by N atoms of MB, which may be
due to adsorb on ZnO nanoparticles surfaces coordinate bonded to Zn?* ions. This
bound may be form complexes to reduce absorption transition ability of electrons
between orbitals in coloured group of MB [13]. When irradiating MB-ZnO mixture
solution for 30, 60, 90 minutes, the absorptance of peaks and bands reduce gradually,
their position are unchanged (Figure 7c-e). For 120 minutes irradiation, the UV-VIS
spectra distinguish. Using UV-Vis spectra and formula: C = C,e™*t in which, C,, C are
concentration of MB in (MB+ZnQO) mixture solution as unirradiated and irradiated for
different time, the rate of concentration attenuation k of MB for 663 nm band can be
determined [14, 15]. The results show that k ~0.03 minute™, this value is consistent with
ones in references [3].
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Figure 8 presents photoluminescence spectra of MB-ZnO solution non-irradiated
and irradiated for difference time. In PL spectra of MB solution (curve in Figure 8),
there is only red band at 698 nm with strong intensity. This band can be assigned to
absorption transition of electrons from anti -binding 7* orbital to n binding orbital of
coloured groups in MB. As the same as UV-VIS spectra, when non-irradiation, PL
spectra of MB-ZnO mixture solution also appeared the red band at 698 nm assigned to
MB, at the same time appeared a blue band in the range of 400-600 nm with maximum
at 490 nm (Figure 8b). This blue band can be related to surface defects of ZnO
nanoparticles in distilled water [11]. In comparison to PL spectra of the mixture of ZnO
powders diffused in distilled water (Figure 5), this blue band shifted towards to the
longer wavelength of 60 nm (the red shift) The decreasing of red band in PL spectra of
MB-ZnO mixture and the red shift by the surface defects of ZnO nanoparticles are also
the evidence of coordinated binding between N atoms of MB and Zn?* ions on the
surface of ZnO nanoparticles to form complex compound. Thus, when MB-ZnO
mixture irradiated for 30, 40 minutes, the PL intensity of red band decreases but its
position shifted towards to the shorter wavelength (the blue shift) from 698 to 676 nm
(Figure 8c-d) and extinguish as irradiated for 90, 120 minute (Figure 8e-f).

Therefore, when increasing irradiated time the absorptance and PL intensity of
peaks and bands assigned to coloured group of MB in UV-VIS spectra and PL spectra
also decrease gradually and extinguish. However, the peak position of band in PL
spectra shifts towards to the shorter wavelength. The decreasing of the absorptance, PL
intensity and the peak shift are due to decomposing gradually of MB versus irradiated
time. This decreasing is caused by photocatalyst of ZnO nanoparticles for MB: Under
the effect of radiation with photon energy larger or equal to band gap energy of ZnO,
the free electrons (") in conduction band and free holes (h") in valance band are created.
Holes can oxidize H,O or OH" to OH* radicals [1]:

h*+ H,0 — H" + OH*
h* + OH — OH*

Electrons can deoxidize O, adsorbed on ZnO nanoparticles surfaces to form anion
group Oy ™*:
e +0; — 0%,
O,y *+e + 2H* —H,0,
or: 20,* + 2H" — H,0, + O; ;
H,O; + e — OH* + OH’

The OH-radical has a strong oxidation, which decomposes MB into intermediate
products and eventually into H,O and CO,[1]:

OH* + MB — intermediate products — H,0 + CO,

Besides the good effect on MB, the commercial ZnO nanoparticles also test
photocatalyst ability for Van Phuc dye wastewater (VVan Phuc village, Ha Dong district,
Hanoi city). The 500 mg of ZnO nanopowders are dissolved in 500 mL two time
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distilled water and mixed with Van Phuc dye wastewater in the ratio of 1:1. The result
showed that as un-irradiated, this mixture is strong red (Figure 9a), yellow, light- yellow
as irradiated for 30, 60 minutes (Figure 9b-c). Finally, this mixture almost fades as
irradiated for 90, 120 minutes (Figure 9 d-e). The detailed study of organic ingredients
in this textile wastewater will be mentioned in subsequent studies, as this belongs to a
relatively larger national research topic.

a b c d e

Figure 9. Van Phuc dye wastewater-ZnO mixture solution with different irradiation times
a. un-irradiated; b. 30 minutes; ¢. 60 minutes; d. 90 minutes; e. 120 minutes

3. Conclusions

The commercial nanoparticles ZnO (Merck) with hexagonal structure have average
particle size about of some nanometers and good absorption propertier. The absorption,
the photoluminescence characteristic, especially the PL of free exciton combinations at
387 nm has relation to an organic pigment treatment as photocatalyst agent. Van Phuc
dye wastewater was tested by the commercial nanoparticles ZnO. These results
promises to apply a transition metal doped ZnO nanoparticles in photocatalyst treatment
for harmful pigment in wastewater.

Acknowledgement. The authors would like to thank NAFOSTED project code 103.02-
2017.28 for financial support and NACENTECH for measurement UV-VIS spectra.

REFERENCES

[1] Hamid Reza Pouretedal, Abbas Norozi, Mohamad Hossein Keshavarz, Abolfazl
Semnani, 2009. Nanoparticles of zinc sulfide doped with manganese, nickel and
copper as nanophotocatalyst in the degradation of organic dyes. Journal of
hazardous material, 162 674-681.

[2] Manoj Sharma, Tarun Jain, Sukhvir Singh, O. P. Pandey, 2012. Photocatalytic
degradation of organic dyes under UV-Visible light using capped ZnS
nanoparticles. Solar energy, 86, 626-633.

[3] Claudi L. Torres-Martinez, Richard Kho, Omar I. Mian, and Rajesh K. Mehra,
2001. Efficient Photocatalytic Degradation of Environmental Pollutants with
Mass-Produced ZnS Nanocrystals. Journal of Colloid and Interface Science, 240,
pp. 525-532.

83


https://www.sciencedirect.com/science/article/pii/S0304389408007759
https://www.sciencedirect.com/science/article/pii/S0304389408007759

Bui Hong Van, Pham Van Ben and Tran Minh Thi

[4] Parnia Navabpour, Soheyla Ostovarpour, et al., 2014. Photocatalytic TiO, and
Doped TiO;, Coatings to Improve the Hygiene of Surfaces Used in Food and
Beverage Processing-A Study of the Physical and Chemical Resistance of the
Coatings. Coatings 4, 433-4447; DOI: 3390/coatings 4030433.

[5] Ahmad S. Alshammari, Lina Chi, Xiaoping Chen, Abdulaziz Bagabas, Denis
Kramer, Abdulaziz Alromaeh and Zheng Jiang, 2015. Visible-light photocatalysis on
C-doped ZnO derived from polymer-assisted pyrolysis. RSC Advances 5, pp. 27690-27698,
DOI: 10.1039/C4RA17227B.

[6] Gang Wang, Baibiao Huang, Zhujie Li, Zaizhu Lou, Zeyan Wang, Ying Dai &
Myung-Hwan Whangbo, 2015. Synthesis and characterization of ZnS with
controlled amount of S vacancies for photocatalytic H, production under visible
light. Scientific reports, DOI: 10.1038/srep08544.

[7] Joseph W. Haus, H. S. Zhou, I. Honma, and H. Komiyama, 1993. Quantum
confinement in semiconductor heterostructure nanometer-size particles. Phys. Rev.
B 47, 1359, doi.org/10.1103/PhysRevB.47.1359.

[8] Tran Minh Thi, Nguyen Minh Thuy, 2008. Preparation by forced hydrolysis
method and the optical properties of Zn;.«\NixO powder. Journal of Science of
Hanoi National University of Education VVolume 53, Number 4, pp. 451-453.

[9] Soosen Sammuel M, Lekshmi Bose and George KC, 2009. Optical properties of
ZnO nanoparticles. ISSN: 0973-7464 Vol. XVI: No. 1 & 2 SB Academic Review
pp. 57-65.

[10] H.J.Fan, R.Scholz, F.M.Kolb, M.Zacharias, U.Gosele, F.Heyroth, C.Eisenschmidt,
T.Hempel, J.Christen, 2004. On the growth mechanism and optical properties of
ZnO multi-layer nanosheets. Appl, Phys. A 79, pp. 1895-1900.

[11] Tamar Andelman, Yinyan Gong, Mark Polking, Ming Yin, Igor Kuskovsky,
Gertrude Neumark, Stephen O’Brien, 2005. Morphological Control and
Photoluminescence of Zinc Oxide Nanocrystals. J. Phys. Chem. B, 109, pp. 14314-14318,
Doi: 10.1021/jp050540.

[12] Martin Klessinger Josef Michl, 1995. Excited states and photochemistry of organic
molecules. VCH Publishers, Inc.

[13] Xiao Wu, Kun Wei Li, Hao Wang, 2009. Facile synthesis of ZnS nanostructured
spheres and their photocatalytic properties. Journal of Alloys and compounds 487,
pp. 537-544. doi.org/10.1016/j.jallcom.2009.08.010.

[14] A. Phuruangrat, O. Yayapao, T. Thongtem, S. Thongtem, 2014. Synthesis and
Characterization of Europium-Doped Zinc Oxide Photocatalyst. Journal of
Nanomaterials, Vol 2014 Article ID 367529, 9 pages. doi.org/10.1155/
2014/367529.

[15] P. Nandi, D. Das, 2018. Photocatalytic Degradation of Rhodamine-B Dye by
Stable ZnO Nanostructures with Different Calcination Temperature Induced
Defects. Applied Surface Science, doi: https://doi.org/10.1016/j.apsusc.
2018.09.193.

84


https://doi.org/10.1016/j.jallcom.2009.08.010
http://dx.doi.org/10.1155/2014/367529
http://dx.doi.org/10.1155/2014/367529
https://doi.org/10.1016/j.apsusc.2018.09.193
https://doi.org/10.1016/j.apsusc.2018.09.193

