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Hanoposmipni nopowku okcudy yuHky cUHme308aHo 2iopomepmManrbHUM ma COHOXIMIYHUM Memooamu,
BUKOPUCMOBYIOUU PeaKyilo ayemamy YurKy ma 2iopooKcudy Hampiro 8 cepedosuyi i30nponiioeoeo CRUpmy.
Jlocniooiceno 3miny iHmezpanvhoi inmencusHocmi gomoniominecyenyii (OJI) ma naniguupunu niKy y
BUOUMOMY 0Iana3oHi, sik GYHKYIL 6i0 wacy nposedents cunmesy. Biomiueno nokpaweHHs TIoMIiHeCyeHmMHUX
enacmugocmeii ZnQO, ompuMaHo20 COHOXIMIUHUM MemOOOM 8 NOPIGHAHHI i3 2I0POMEPMATLHUM CUHINE30M,
npu Manux mpueaiocmsax peaxyii. Biomiueno pizuuii xapaxmep s3minu Haniswupunu niky @JI ona pizuux
Memoodie cunme3y. Ilpu comoximiunomy cunmesi cnocmepicaemvpcs 00 €OHAHMS OKPEMUX HAHOYACMOK Y
MIKPOCKONIYHI a2iomepamu.

Kuwouosi  cnosa:  okcud
gomonrominecyenyis.

COHOXIMIYHUU — CUHMmE3, inmezpaibHa IHMeHCUBHICMD,

YUHKY,

Nanosized ZnO powders were synthesis by hydrothermal and sonochemical reaction. Reaction were
held in 2-propanol environ using zinc acetate and sodium hydroxide as precursors. All synthesized samples
demonstrate strong photoluminescence (PL) in visible region by excitation of UV light. Study of PL shows
variations of the integrated (PL) intensity and full width at half maximum of the emission band were found to
depend on the reaction time. It is noted that the optical properties of ZnO can be improved by employing
sonochemical reactions. Changes of the PL full width at half maximum have different character for both
synthesis methods. A possible mechanism is proposed to explain the changes in optical properties. The
morphology and structure of ZnO have been characterized using atomic force microscopy (AFM). Single
nanoparticles obtained by sonochemical synthesis are grouped into microscopic aggregates.

Key Words: zinc oxide, sonohimichnyy synthesis, integrated intensity, photoluminescence.

Crartio npeactasuB A.¢).-M.H., ipod. Makapeup M. B.

Introduction acoustoelectronic material utilizing bulk and surface

acoustic waves (filters, resonators, delay lines) [14].

Zinc oxide (ZnO) is an important semiconductor
material with a band gap of 3.37 eV and exciton
binding energy of 60 meV. High thermal and
chemical stability, simple tunability of the optical
and electrical properties are widely applicable in
opto-electric devices [1-3]. Properties of ZnO
strongly depend on the morphology, size and crystal
structure [4,5]. Due to these features, zinc oxide is
widely used in various areas, such as photocatalysts,
chemical, gas and biosensors, solar cells, opto- and
microelectronics [6—13]. Furthermore, due to its

Since the morphology and defect content
determine opto-electrical properties of ZnO [5]
various methods of producing zinc oxide has been
developed. In recent years, nano- and micro-sized
ZnO materials were obtained using various methods.
For example, sputter deposition was used to get ZnO
nanorods placed on the Cu/Ti/Si and having an
average diameter of 40 nm [15], thermal evaporation
produced needle-like ZnO rods, nanoribbons [16],
sol-gel reaction yields nanocrystalline ZnO powders
as small as about 25 nm in diameter [17], using

piezoelectric properties, ZnO is an important different solvents, flower-, snowflake-, prism-,
© M. 1. 3axipos, K. B. CBexeHIoBa,
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pricklysphere- and rodlike samples were grown from
solutions with different pH [18]. These samples
typically exhibit emission of light in the spectral
range from 385 to 510 nm. Furthermore, different
precursors, such as Zn(OH)427 [19], Zn(NO;), 6H,0
[20], were successfully used in hydrothermal
synthesis to produce nanorods with different ratios of
length to diameter.

Despite these methods have several properties
that are advantageous for growth of ZnO materials,
there has been a number of impediments for their
widespread adoption. These are high temperatures
and pressures, toxic reagents, long reaction times, the
need to add stabilizers, etc. Today, the synthesis of
nanoscale materials under microwave irradiation and
during sonochemical reactions become particularly
attractive [19-25].

Sonochemical reaction results from acoustic
cavitation, which is accompanied by the formation,
growth and collapse of cavitation bubbles. Due to the
collapse, extreme physical and chemical conditions
are formed inside the bubble. Therefore, chemical
cavitation effects strongly depend on the content of
cavitating bubbles and, hence, the choice of a proper
solvent. For example, to minimize the participation
of the solvent vapour and to maximize the vapor
temperature in the collapsing bubble, hydrocarbon
solvents with high boiling point are usually used
[25-27].

In this work, we propose to use zinc acetate and
sodium hydroxide as precursors and isopropyl
alcohol (2-propanol) as a solvent in sonochemically
producing ZnO and show that the resulting ZnO
powder  exhibits  competitive  luminescence
performance.

Experimental

Two routes of chemical reactions were used here,
allowing to produce ZnO powders by hydrothermal and
sonochemical synthesis. Isopropyl alcohol (2-propanol)
was used as a solvent because it has fairly high boiling
temperature of 82.4°C. The reaction was achieved
using 2-propanol (99.99%), zinc acetate and sodium
hydroxide. We first prepared a solution of ZnAc in 2-
propanol (solution 1) and sodium hydroxide in 2-
propanol (solution 2), which was cooled down to 0°C.

At hydrothermal synthesis, these solutions (1 and
2) were mixed and heated to 65°C. They were then
stored at this temperature for more or less prolonged
stirring. At time instants (t) of 1, 30, 60 and 120
minutes, the samples grown in chemical reactions were
taken. The resulting powders (white in color) were
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dried and washed in distilled water and methanol.
They were then again dissolved in 2-propanol.

For sonochemical synthesis, the above solutions
(1 and 2) were mixed at room temperature and
placed in sonochemical reactor. The details of our
sonochemical bath were given elsewhere [28].
During the sonoactivation of the solution, the
temperature raised to about 80°C, which was due to
absorption of the ultrasonic power in the solution.

In both chemical and sonochemical reactions,
the synthesis of ZnO was achieved in the chemical
reaction of the following type:

Zn(C,H,0,), 2NaOH —=—ZnO | +H,0+2NaC,H,0,

277372

where, Zn(C,H30,); is the zinc acetate, NaOH is the
sodium hydroxide, IPA is the 2-propanol and
NaC,H;0, is the sodium acetate.

Photoluminescence (PL) spectra were excited
using an N, laser with the wavelength A=337.2 nm
and repetition frequency 100 Hz. PL was dispersed
by a DMR-4 monochromator and sensed by a FEU-
79 photomultiplier tube.

The powder size and the roughness of particle's
surface were observed by Atomic force microscopy
(AFM) FemtoScan Online. Scanning was conducted
in the contact mode in ambient air using the fpN10S
cantilever (radius of curvature of the tip was
=~ 10 nm).

Results and Discussion

In contrast to the chemical route, which results
in a micron-sized ZnO powder, sonochemical
reactions produce a mixture of pm- and nm-sized
grains. The size and shape distributions of the
sonochemically synthesized particles are exemplified
in Fig. 1. It is fond that the particles have nearly
spherical shape, and smaller ones are collected into
larger agglomerates. Single particles are not more
than about 500 nm in diameter. Importantly, the
particles exhibit good reproducibility in size,

-
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Fig. 1.
pictures) of the sonochemically synthesized nm-
sized ZnO powder.

AFM images (3D-, left, and 2D-, right,
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Fig. 2. Integrated intensity of the yellow emission
band vs stirring time for hydrothermal (circles, solid
lines) and sonochemical (triangles, dashed lines)
synthesis.

dependent on the ultrasonic amplitude and irradiation
time.

All synthesized samples demonstrate strong PL
spanning the region from 450 to 620 nm, which is
typical for ZnO [29-33]. The peak position of the
dominating yellow emission band observed at about
600-610 nm appears to be nearly unaffected by
ultrasonic activations of the reacting mixture. In
contrast, the integrated intensity and the full width at
half maximum (FWHM) of the PL band are affected
by ultrasound.

The integrated intensity of the yellow emission
band as a function of the stirring time is displayed in
Fig. 2 and appropriate change in the FWHM is
shown in Fig. 3. The integrated PL intensity was
normalized to its value observed in the
sonochemically synthesized sample prepared at t=1
min. It is seen in Figs. 2 and 3 that sonochemical
synthesis  offers  advantageous luminescence
performance at stirring times smaller than ~30 min
for FWHM (triangles in Fig. 3) of the PL band and
~1 min for integrated intensity (triangles in Fig. 2) in
comparison with the hydrothermal synthesis of ZnO.
The integrated intensity exhibits #20% increase and
the emission band displays ~30% narrowing in the
ultrasonic field.

At t~30 min, a decreased PL intensity and
increased FWHM of the emission band are observed
in the sonochemically prepared sample. On the other
hand, hydrothermal sample prepared at this time
demonstrates a greater integrated intensity. Finally.
at 60 min, a slightly increased PL intensity is
observed in the sonochemically prepared sample,
whereas the FWHM remains almost identical in both
fabrication methods.

Time, min

Fig. 3. FWHM of the yellow emission band vs
stirring time for hydrothermal (circles, solid lines)
and sonochemical (triangles, dashed lines) synthesis.

The observed PL enhancement and FWHM
narrowing in ultrasonic fields can tentatively be
attributed to higher probability of the radiative
transitions and narrower donor band due to
sonication of the reacting mixture. The narrower
band is thought to arise from improved donor
distribution inside the powder grains obtained with
the ultrasonic action. The shortened reaction time in
the ultrasonic field is explained by an extremely high
temperature at the interface between a collapsing
bubble and the bulk solution, which is presumed to
hasten the hydrolysis and condensation of the zinc
acetate. It is therefore most likely that improvements
in the ultrasonic-induced mass transport are actually
responsible for the luminescence improvements at
small stirring times. Prolonged sonication times turn
out to increase the density of defects in the grown
grain  thus deteriorating the luminescence
performance.

Conclusions

In summary, ultrasonic treatment of the solution
of zinc acetate and sodium hydroxide with high-
intensity ultrasound can bring improvements in
luminescence properties of the resulting ZnO
powders. Sonochemical synthesis of luminescent
ZnO particles at small stirring times is found to be
superior to traditional hydrothermal method in the
integrated intensity and emission linewidth. One of
the reasons for this behavior is the ultrasonic-
induced mass transport in the reacting mixture,
which improves the donor distribution in the
resulting powder. This is due to the fact that acoustic
cavitation, leading to the formation, growth, and
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implosive collapse of bubbles in the mixture, creates
extreme conditions inside the collapsing bubble and
serves as the origin of the observed improvements in

Cnucok BUKOPUCTAHHUX JIZKepet

1. ZnO nanostructures: growth, properties and
applications / A. B.Djuri$i¢, X. Chen, Y. H. Leunga,
Y. H. Ching. // Journal of Materials Chemistry. —
2012. — Ne22. — P. 6526-6535.

2. Djurisic A. B. ZnO nanostructures for
optoelectronics: Material properties and device
applications / A. B. Djurisi¢, A. N. Ching, X. Y.
Chen. // Progress in Quantum Electronics. — 2010. —
Ne34. — P. 191-259.

3. Comparative study of ultraviolet detectors
based on ZnO nanostructures grown on different
substrates / H. I.Abdulgafour, Z. Hassan, N. M.
Ahmed, F. K. Yam. // Journal of Applied Physics. —
2012. — Nel12. —p. 074510.

4. Kotodziejezak-Radzimska A. Zinc Oxide—
From Synthesis to Application: A Review / A.
Kotodziejczak-Radzimska, T. Jesionowski. //
Materials. —2014. — Ne7. — P. 2833-288]1.

5. Song R. Synthesis and characterization of
mercaptoacetic acid-modified ZnO nanoparticles /
R. Song, Y. Liu, L. He // Solid State Sciences. —
2008. — Ne10. — P. 1563-1567.

6. Large-scale synthesis of flowerlike ZnO
nanostructure by a simple chemical solution route
and its gas-sensing property / [J. Huang, Y. Wu, C.
Gu et al.]. // Sensors and Actuators B: Chemical. —
2010. — Ne146. — P. 206-212.

7. Li J. Multilayered ZnO Nanosheets with 3D
Porous Architectures: Synthesis and Gas Sensing
Application / J. Li, H. Fan, X. Jia. // The Journal of
Physical Chemistry C. —2010. — Nel114. — P. 14684—
14691.

8. IGZO thin film transistor biosensors
functionalized with ZnO nanorods and antibodies /
[Y. Shen, C. Yang, S. Chen et al.]. // Biosensors and
Bioelectronics. — 2014. — Ne54. — P. 306-310.

9. Photocatalysis of two-dimensional
honeycomb-like ZnO nanowalls on zeolite / [Z. Liu,
Z. Liu, T. Cui et al.]. / Chemical Engineering
Journal. — 2014. — Ne235. — P. 257-263.

10. Ultra-high sensitive hydrazine chemical
sensor based on low-temperature grown ZnO
nanoparticles / [S. K. Mehta, K. Singh, A. Umar et
al.]. // Electrochimica Acta. — 2012. — Ne69. — P.
128-133.

11. Xie J. QCM chemical sensor based on ZnO

2015, 3

Bulletin of Taras Shevchenko
National University of Kyiv
Series Physics & Mathematics

the powder grown from the sonicated liquid-solid
slurry.

References

1. DIJURISIC, A. B., CHEN, X., LEUNG, Y.
H. and MAN C. NG, A.(2012) ZnO nanostructures:
growth, properties and applications. Journal of
Materials Chemistry 22, p. 6526.

2. DJURISIC, AB., NG, AM.C. and CHEN,
X.Y. (2010) ZnO nanostructures for optoelectronics:
Progress in Quantum Electronics 34, p. 191-259.

3. ABDULGAFOUR, H 1, HASSAN, Z,
AHMED, N M and YAM, F K. (2012) Comparative
study of ultraviolet detectors based on ZnO
nanostructures grown on different substrates.
Journal of Applied Physics 112, p. 074510.

4. KOLODZIEJCZAK-RADZIMSKA, A. and
JESIONOWSKI, T. (2014) Zinc Oxide—From
Synthesis to Application: A Review. Materials 7,
p- 2833-2881.

5. SONG, R., LIU, Y. and HE, L. (2008)
Synthesis and characterization of mercaptoacetic
acid-modified ZnO nanoparticles. Solid State
Science 10, p. 1563-1567.

6. HUANG, J., WU, Y., GU, C,, ZHAI, M,,
YU, K.. (2010) Large-scale synthesis of flowerlike
ZnO nanostructure by a simple chemical solution
route and its gas-sensing property. Sensors and
Actuators, B: Chemical 146, p.206-212.

7. LI, J.,, FAN, H. and JIA, X.a (2010)
Multilayered ZnO nanosheets with 3D porous
architectures: Synthesis and gas sensing application.
The Journal of Physical Chemistry C 114, p. 14684—
14691.

8. SHEN, Yi C,, YANG, C. H., CHEN, S. W,,
WU, S. H,, YANG, T. L. and HUANG, J. J. (2014)
IGZO thin film transistor biosensors functionalized
with ZnO nanorods and antibodies. Biosensors and
Bioelectronics 54, p. 306-310.

9. LIU,Z., LIU, Z.,CUI, T, LI, J.i, ZHANG, J.,
CHEN, T., WANG, X. and LIANG, X. (2014)
Photocatalysis of two-dimensional honeycomb-like
ZnO nanowalls on zeolite. Chemical Engineering
Journal 235, p. 257-263.

10. MEHTA, S. K., SINGH, K., UMAR, A,
CHAUDHARY, G. R. and SINGH, S. (2012) Ultra-
high sensitive hydrazine chemical sensor based on
low-temperature  grown ZnO  nanoparticles.
Electrochim. Acta 69, p. 128—133.

11.XIE, J., WANG, H. and DUAN, M. (2014)

186



colloid spheres for the alcohols / J. Xie, H. Wang,
M. Duan. // Sensors and Actuators B: Chemical. —
2014. — Ne203. — P. 239-244.

12. Wu J. Soft Processing of Hierarchical Oxide
Nanostructures for Dye-Sensitized Solar Cell
Applications / J. Wu, W. Liao, M. Yoshimura. //
Nano Energy. —2013. — No2. — P. 1354-1372.

13. Vidor F. F. Low temperature fabrication of a
ZnO nanoparticle thin-film transistor suitable for
flexible electronics / F. F. Vidor, G. 1. Wirth,
U. Hilleringmann. // Microelectronics Reliability. —
2014. — Ne54. — P. 2760-2765.

14. Kadota M. Surface acoustic wave
characteristics of a ZnO/quartz substrate structure
having a large electromechanical coupling factor and
a small temperature coefficient / M. Kadota
Japanese J. Appl. Physics, Part 1 Regul. Pap. Short
Notes Rev. Pap. —1997. — Ne. 36. — P. 3076-3080.

15. Chiou W. Growth of single crystal ZnO
nanowires using sputter deposition / W. Chiou, W.
Wu, J. Ting. // Diamond and Related Materials. —
2003. — Nel12. — P. 1841-1844.

16. Yao B.D. Formation of ZnO nanostructures
by a simple way of thermal evaporation/ Yao B.D.,
Chan Y.F., Wang N. // Appl. Phys. Lett. —2002. —
Ne 81— P. 757-759.

17. Periyat P. Sol-gel derived nanocrystalline
ZnO photoanode film for dye sensitized solar cells.
Periyat P., Ullattil S.G. // Mater. Sci. Semicond. —
2015. — Ne. 31. — P. 139-14e.

18. Control of ZnO Morphology via a Simple
Solution Route / [J. Zhang, Lingdong, Jialu et al.]. /
Chemistry of Materials. — 2002. — Nel4. — P. 4172—-
41717.

19. Hydrothermal synthesis and characterization
of ZnO nanorods / H.Wei,, Y. Wu, N. Lun, C. Hu. //
Materials Science and Engineering: A. — 2005. —
Ne393. — P. 80-82.

20. Fu D. Size-controlled synthesis and
photocatalytic degradation properties of nano-sized
ZnO nanorods/ Fu D., Han G., Meng C. // Mater.
Lett. — 2012. — Ne. 72. — P. 53-56.

21. Ultrasound assisted additive free synthesis of
nanocrystalline zinc oxide / [K. D. Bhatte, S. Fujita,
M. Arai et al.]. // Ultrasonics Sonochemistry. — 2011.
— Nel8. —P. 54-58.

22. Ultrasound assisted synthesis of
nanocrystalline zinc oxide: Experiments and
modelling / [M. Hosni, S. Farhat, F. Schoenstein et
al.]. // Journal of Alloys and Compounds. — 2014. —
Ne615. — P. 472-475.

23. Zinc oxide nano-particles — Sonochemical
synthesis, characterization and application for photo-
remediation of heavy metal / P.Banerjee, S.
Chakrabarti, S. Maitra, B. K. Dutta. / Ultrasonics

QCM chemical sensor based on ZnO colloid spheres
for the alcohols. Sensors and Actuators B: Chem.
Vol. 203, p. 239-244.

12. WU, J. J., LIAO, W. P. and YOSHIMURA,
M.(2013) Soft processing of hierarchical oxide

nanostructures for dye-sensitized solar cell
applications. Nano Energy 2, p. 1354-1372.
13.VIDOR, F. F., WIRTH, G. 1. and

HILLERINGMANN, U. (2014) Low temperature
fabrication of a ZnO nanoparticle. Microelectronics
Reliability 54, p. 2760-2765.

14. KADOTA, M. (1997) Surface acoustic wave
characteristics of a ZnO/quartz substrate structure
having a large electromechanical coupling factor
and a small temperature coefficient. Japanese J.
Appl. Physics, Part I Regul. Pap. Short Notes Rev.
Pap. 36, p. 3076-3080.

15. CHIOU, W.-T., WU, W.-Y. and TING, J.-M.
(2003) Growth of single crystal ZnO nanowires
using sputter deposition. Diamond and Related
Materials 12, p. 1841-1844.

16. Ayo, B. D., CHAN, Y. F. and WANG, N.
(2002) Formation of ZnO nanostructures by a simple
way of thermal evaporation. Appl. Phys. Lett. 81,
p- 757-759.

17.PERIYAT, P. and ULLATTIL, S.G. (2015)
Sol-gel derived nanocrystalline ZnO photoanode
film for dye sensitized solar cells. Mat. Science in
Semiconductor Processing 31, p. 139—-146.

18. ZHANG, J., SUN, L., YIN, J,, SU, H., LIAO, C.
(2002) Control of ZnO morphology via a simple
solution route. Chemistry of Materials 14, p. 4172—
4177.

19. WEI, H., WU, Y., LUN, N. and HU, C.
(2004) Hydrothermal synthesis and characterization
of ZnO nanorods. Materials Science and
Engineering: A 393, p. 80-82.

20.FU, D., HAN, G. and MENG, C. (2012) Size-
controlled synthesis and photocatalytic degradation
properties of nano-sized ZnO nanorods. Mater Lett.
72, p. 53-56.

21.BHATTE, K. D., FUIJITA, S. 1., ARAI, M.,
PANDIT, A. B. and BHANAGE, B. M. (2011)
Ultrasound assisted additive free synthesis of
nanocrystalline zinc oxide. Ultrasonics Sonochem.
18, p. 54-58.

22. HOSNI, M., FARHAT, S., SCHOENSTEIN,
F., KARMOUS, F., JOUINI, N., VIANA, B. and
MGALIDI, A. (2013) Ultrasound assisted synthesis of
nanocrystalline zinc oxide. Journal of Alloys and
Compounds 615, p. 10-13.

23. BANERJEE, P., CHAKRABARTI, S.,
MAITRA, S. and DUTTA, B. K. (2012) Zinc oxide
nano-particles - Sonochemical synthesis,

characterization and application for photo-

187



Sonochemistry. —2012. — Ne19. — P. 85-93.

24. Chatel G. Ionic liquids and ultrasound in
combination: synergies and challenges / Chatel G.,
MacFarlane D.R. // Chem. Soc. Rev. Royal Society
of Chemistry. —2014. — Ne. 43. — P. 8132-8149.

25. Pang Y.L. Review on sonochemical methods
in the presence of catalysts and chemical additives
for treatment of organic pollutants in wastewater/
Pang Y.L., Abdullah A.Z., Bhatia S. // Desalination.
—2011. = Neo. 277. - P. 1-14.

26. High UV  absorption efficiency of
nanocrystalline ZnO synthesized by ultrasound
assisted wet chemical method / N. R.Panda, D. Sahu,
B. S. Acharya, P. Nayak. // Current Applied Physics.
—2015. — Nel5. — P. 389-396.

27. Ultrasound-assisted green synthesis of

nanocrystalline ZnO in the ionic liquid
[hmim][NTf2] / E. K.Goharshadi, Y. Ding, M. N.
Jorabchi, P. Nancarrow. // Ultrasonics

Sonochemistry. — 2009. — Nel16. — P. 120-123.

28. The potential of sonicated water in the
cleaning processes of silicon wafers / [A. Podolian,,
A. Nadtochiy, V. Kuryliuk et al.]. // Solar Energy
Materials and Solar Cells. — 2011. — Ne95. — P. 765—
772.

29. Synthesis of blue emitting ZnO nanorods
exhibiting room temperature ferromagnetism /
A.Jana, P. S. Devi, A. Mitra, N. R. Bandyopadhyay
// Materials Chemistry and Physics. —2013. — Ne139.
—P. 431-436.

30. L. Saikia Photocatalytic performance of ZnO
nanomaterials for self sensitized degradation of
malachite green dye under solar light / [L. Saikia, D.
Bhuyan, M. Saikia et al.]. / Applied Catalysis A:
General. — 2015. — Ne490. — P. 42-49.

31. Gharagozlou M. A green chemical method
for synthesis of ZnO nanoparticles from solid-state
decomposition of Schiff-bases derived from amino
acid alanine complexes / M. Gharagozlou, Z.
Baradaran, R. Bayati. / Ceramics International. —
2015. — Ned41. — P. 8382-8387.

32. Hydrogen passivation effect on the yellow—
green emission band and bound exciton in n - ZnO /
M.Kim, J. Oh, S. Kim, W. C. Yang. // Solid State
Communications. — 2011. — Nel151. — P. 768-770.

33. PL study of oxygen defect formation in ZnO
nanorods / C.Chandrinou, N. Boukos, C. Stogios, A.
Travlos. // Microelectronics Journal. — 2009. — Ne40.
—P. 296-298.

remediation of heavy metal. Ultrasonics Sonochem.

19, p. 85-93.
24. CHATEL, G. and MACFARLANE, D.
R.(2014) Ionic liquids and ultrasound in

combination: synergies and challenges. Chem. Soc.
Rev. Royal Society of Chemistry 43, p. 8132-8149.
25.PANG, Y. L., ABDULLAH, A. Z. and
BHATIA, S. (2011) Review on sonochemical
methods in the presence of catalysts and chemical
additives for treatment of organic pollutants in
wastewater. Desalination 277 (1-3), p. 1-14.

26.PANDA, N.R., SAHU, D., ACHARYA, B.S.
and NAYAK, P. (2015) High UV absorption
efficiency of nanocrystalline ZnO synthesized by
ultrasound assisted wet chemical method. Current
Applied Physics 15, p. 389-396.

27.GOHARSHADI, E. K. DING, Y,
JORABCHI, M. N. and NANCARROW, P. (2009
Ultrasound-assisted green synthesis of
nanocrystalline ZnO in the ionic liquid
[hmim][NTf2]. Ultrasonics Sonochem. 16, p. 120—
123.

28.PODOLIAN, A., NADTOCHIY, A,
KURYLIUK, V., KOROTCHENKOV, O.,
SCHMID, J., DRAPALIK, M. and SCHLOSSER,
V. (2011) The potential of sonicated water in the
cleaning processes of silicon wafers. Solar Energy
Materials and Solar Cells 95, p. 765-772.

29.JANA, A., SUJATHA DEVI, P., MITRA, A.
and BANDYOPADHYAY, N. R. (2013) Synthesis
of blue emitting ZnO nanorods exhibiting room
temperature ferromagnetism. Materials Chemistry
and Physics 139, p. 431-436.

30. SAIKIA, L., BHUYAN, D., SAIKIA, M.,
MALAKAR, B., DUTTA, D. K.r and SENGUPTA, P.
(2015)  Photocatalytic  performance of ZnO
nanomaterials for self sensitized degradation of
malachite green dye under solar light. Applied
Catalusis A: General 490, p. 42—49.

31. GHARAGOZLOU, M., BARADARAN, Z.
and BAYATI R. (2015) A green chemical method
for synthesis of ZnO nanoparticles from solid-state
decomposition of Schiff-bases derived from amino
acid alanine complexes. Ceramics Inernationalt. 41.
p- 8382-8387.

32.KIM, M. D., OH, J. E., KIM, S. G. (2011)
Hydrogen passivation effect on the yellowgreen
emission band and bound exciton in n - ZnO. Solid
State Communications. 151, p. 768-770.

33. CHANDRINOU, C., BOUKOS, N,
STOGIOS, C. and TRAVLOS, A. (2009) PL study
of oxygen defect formation in ZnO nanorods.
Microelectronics Journal 40, p. 296-298.

Hapniitinna no penkoserii 26.06.15

188



	Algebra_tutyl.pdf

