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ABSTRACT

ZnO nanoparticles were synthesized by using wet chemical route directly from an aqueous
solution of zinc acetate dehydrate[Zn(C,H305),.2H,0] and in the presence of sodium dodecyl
sulfate (SDS).A comparative study was doneon optical properties and photocatalytic activity
of ZnO synthesized using two different precipitating agentsof NaOH and NH4OH. The as
synthesized Zn(OH).powders were calcined at a temperature of 650°C.The materials
prepared were characterized by UV-visible spectroscopy and photoluminescence (PL)
studies.The photocatalytic activity were evaluated by using theRhodamin B (RhB) as
contaminants. The RhB dye degradation was done over the surface of ZnO under natural
sunlight illumination to elucidate the photo-catalytic activity. A series of experiments were
carried out to study the influences of irradiation time, catalyst concentration,and initial
concentration ofRhBsolution on the photocatalytic degradation percentage (PDP) of RhB by

ZnO nanoparticles.



1. Introduction:
Zinc oxide (ZnO) usually appears as a white powder, nearly insoluble in water. The ZnO
powder is widely used as an additive in various products including plastics, glass, cements,
rubber, ceramics, lubricants, paints, ointments, adhesives, pigments, foods (source of zinc
nutrients), batteries, ferrites, first aid tapes, fire retardants, etc. The wastes from the textile
and dye industries are very poisonous, toxic and harmful for the livings under water and

human beings [1,2]. The organic dyes produce environmental hazardous,and irregularity non

esthetical pollution for water based living parts.

Many attempts have been made to overcome this problem. Among these techniques,
heterogeneous photocatalysis is a very popular process to reduce toxic and harmful waste
materials like organic compounds [3]. As of late, the metal oxides, SnO,, ZrO,, Fe,03, CdS
and ZnO [4, 5], have shown good photocatalytic activity toward the degradation of hazardous
organics in to less toxic and harmful molecules under UV and sunlight. Kansal et al. [6] have
reported the photocatalytic degradation of methyl orange and Rhodamine 6 G using
commercially available ZnO, SnO,, ZnS and CdS as photo-catalysts under UV/solar light
irradiation.Lizama et al. reported ZnOis more efficient catalyst than TiO,in degrading
Reactive Blue 19 (RB-19) in aqueous solutions [7]. ZnO semiconductors with direct wide
band gap are highly efficient n-type semiconductors having high electron-hole binding
energy(60meV), and applications in photocatalysis have received a great deal of interest
because of its good catalytic activity and quantum efficiency[8]. Various ZnO nanostructures
have been used to degrade the harmful dyes by photo catalytic reaction under sunlight. In this

discussion we have utilized ZnO photocatalyst for the degradation of Rhodamine-B dye.

Rhodamine B is widely used as a colorant in textiles and food industry, and is a good
water tracer fluorescent [9]. It is harmful and toxic to human beings and animals, and causes
irritation of the skin, eyes and respiratory tract,the carcinogenicity, and developmental
toxicity, neurotoxicity toward living beings [10, 11].India is a tropical country, so sunlight is
an abundantly available natural energy source, which can be utilized for irradiation. Dyes can

be degraded in the presence of photocatalyst upon irradiation with visible light because of



their absorption in the visible region [12, 13]. In this study, photocatalytic activity on RhB
dye by ZnOphotocatalystby solar light irradiation was studied. The effect of catalyst dosage
and concentration of the dye solution (Rhodamin B) on the photocatalytic effect was

investigated.

2.0bjectivesofpresent work:

» Preparation of ZnO nanoparticles by co-precipitation method using inorganic
precursor of zinc acetate dihydrate and sodium dodecyl sulfate as a surfactant.

« Optical characterization using UV-vis transmittanceand photoluminescence analysis.

» Degradation of a dye (Rhodamin B) over the surface of ZnO under natural sunlight
illumination to elucidate the photocatalytic activity.

» Study the effect of irradiation time, catalyst dosage, and initial dye concentration on
photocatalytic degradation of Rh B.

3. Experimental procedure
3.1.Synthesisof ZnOnanostructures

In this experiment all the chemicals used are of analytical grade and used without further
purification. Nanostructure ZnO particles were synthesized through hydrolysis of zinc acetate
dehydrate [Zn(C,H30,),.2H,0] in the presence of sodium dodecyl sulfate
[(CH3(CH)1:0S03Na)] acting as anionic surfactant in aqueous solution. In this procedure
[Zn(C3H30,),-2H,0] was dissolved in distilled water with continuous stirring. Then SDS was
added to it. Finally, NaOHor NH4OH was added dropwise to the SDS modified
[Zn(C;H30,),-2H,0] solution until desired pH was achieved. Then the precipitate was
filtered, washed with distilled water and then with ethanol several time and dried and finally
grounded to powder. The as-prepared powders were calcined at 650°Cand then characterized

using different characterization techniques.

3.2.Photodegradation of organic dye

The photocatalytic activity of ZnO synthesizedusing NH,OH orNaOHas precipitating
agent was investigated by using Rhodamine B. In a typical photocatalytic experiment,
aqueous suspension of Rhodamine B (100 mL, 1x10° M) and 0.1 g photocatalyst powder
were placed in a 100 ml beaker with vigorous stirring under sun light and stirred for a period
up to 3 h without any further adjustment of pH and then centrifuged. Sample aliquots were
withdrawn from the reaction mixture at a regular time interval and centrifuged and then dye
concentration in the residual solution was analyzed by using a Shimadzu UV-2450

spectrophotometer. Changes in the concentration of Rhodamine Bwere observed from its



characteristic absorption band maximum at 553 nm. The decolourization efficiencies of the
dyes were estimated by the equation: [(Ci —C¢)/Ci] %100, where Ci and C; represent the
concentration of dye in solution before after irradiation, respectively. Effect of various
parameters such as irradiation time, catalyst dosage and the initial conc. of Rhodamine B on

decolourization efficiencywere also investigated.

4. Result and Discussion
4.1.Characterisation ofZnOnanostructures
4.1.1. UV-vis transmittancespectra

Figure 1shows the optical transmittance spectra of ZnOnanopowderprepared using(a)
NaOH and (b) NH,OH precipitating agentsand calcined at 650°Cfor 2 h.The transmittance
spectra of calcined sample synthesized by using NaOH have high transparency in a visible
region above a 400 nm and high UV-shielding property below 400 nm. The ZnO synthesized
using NaOH as precipitating agent has very better UV-shielding property.
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Fig. 1UV-vistransmittancespectraof ZnOsynthesized using (a) NaOH and (b) NH,OH as
precipitating agent and calcined at 650°Cfor 2 h.

4.2.PL spectra

Room temperature photoluminescence spectra ofZnO synthesized using NaOHor NH,OH
as precipitating agent and calcined at 650°Cfor 2 h are shown in Fig. 2 or Fig. 3 at different
excitation wavelengths of (a) 300nm (b) 320 nm and (c) 340 nm.All the PL spectra are

showing 5 emission peaks. Thephotoluminescence peaks are mainly recognized in orange-



green, blue, and violet light regions. In addition, one can see another photo-luminescence
peak with lower intensity in the blue light region.The emission peak may originates from a
variety of deeplevel defects, e.g. oxygen vacancies and zinc interstitials is associated with an
energy loss due to a strong electron-phonon interaction at room temperature. The broad
visible photoluminescenceemission in ZnO is caused by the lattice defects of vacancies, and
interstitials [21]. For both the ZnO nanopowders, the PL intensity was highest when
excitation wavelength of 320 nm was used. It is interesting to observe that the PL intensity
was higher for ZnOphotocatalysts synthesized using NH,OH than that of the NaOH [22].
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Fig.2PL spectra of ZnO,synthesized by using NaOH as precipitating agent and calcined at
650°C for 2 h,at different excitation wavelengths of (a) 300nm (b) 320 nm and (c) 340 nm.
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Fig. 3PL spectra of ZnO,synthesized by using NH,OH as precipitating agent and calcined at
650°C for 2 h, at different excitation wavelengthsof (a) 300nm (b) 320 nm and (c) 340 nm.

4.3 Photocatalytical degradation of Rhodamine B
4.3.1Effect ofirradiation time

Figure 4shows the degradation of Rhodamine Bon the ZnO catalysts synthesized by
NH4OH orNaOHas precipitating agent, under sunlight as a function of irradiation time in
min.In the photodecolourationprocess, it was found that the major absorption band (553nm)
decreased graduallywith increasing irradiation time.Theobservationsuggests that the
chromophoreresponsible for characteristic colour of the Rhodamine Bisbreaking down.From
the above results we can see that the photodegradationof Rhodamine Bon the catalyst
undergoes via the destruction ofthe conjugated structure.The ZnO nanopowder synthesized
via NaOH precipitating agent showed better photocatalytic efficiency about 85% that the
nanopowder synthesized via NH,OH precipitating agent which is about 50 after 3h.



100
90 [
80
70
60
50
40
30| (@)
20
10
9760 80 100 120 140 160 180

Time (min)

— ZnO-NH4OH
—eo— 7Zn0O-Na

Degradation (%)

1
—~
O
~

Fig. 4 Effect of irradiation time on decolourization efficiencyofZnOphotocatalysts
synthesized using (a) NaOHor (b) NH4OH precipitating agent and calcined at 650°Cfor 2 h.
4.3.2. Effect ofcatalyst dosage

In order to study the effect of catalyst dosage on the photodegradation efficiency we
have carried out photocatalytic experiments by varying the amount of ZnOnanopowdersfrom
0.5 t0 2.0 g.L™* using the stock solution(1x10™ M) of Rhodamine B maintaining the contact
time of 180 min and without any further adjustment of pH of the solutions. In both the cases
the photodegradation efficiency increases with increasing thecatalyst dosage as can be seen
from the Fig. 5. On increase in the ZnO photocatalyst amount from 0.05 to 2.0 g/L,the
degradation efficiency increases from 25 to 99 % for theZnO synthesized using
NH4OH,while a much higher degradation efficiency from 89 to 100% was observed for the
ZnO synthesized using NaOH. Uv-Vis spectra (in inset of Fig. 5) showing the degradation
efficiency of ZnO catalyst synthesized using NaOH, with different catalyst dosage after
irradiating for 180 min at normal pH condition. The higher degradation efficiency of the
catalyst synthesised using NaOHmay be due to the higher surface area, which increases the
adsorption of dye on the catalyst surface. Higher crystallinity of the sample also plays an
important role in lowering the recombination rate of the photogenerated electron and hole
pair, which are generated during the solar light irradiation. The total active surface area

increases with increasing catalyst dosage. The increase in degradation efficiency with catalyst



dosage can also be explained interms of availability of active sites on the catalyst surfaceand

the penetration of solar light into the suspension.
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Fig. 5Effect of catalyst dosage on decolourization efficiency of ZnOcatalyst synthesized
using NaOH and NH,OH asprecipitating agentsand calcined at 650°Cfor 2 h. Comparison of
UV-vis spectra (inset) for RhB degradation after 180 minsunlight irradiation by ZnO
synthesized by NaOH.lInitial conc.of RhB is1x10™ M.

4.3.2. Effect ofinitial dye concentration

The effect of initial concentration of the Rhodamine B on the rate of degradation was
performed by varying the initial dye concentration from 1x10™° M to 4x10™ M with constant
loading (1 g.L™) by both the ZnOphotocatalysts. The degradation efficiency of the dye
decreases as the dye concentration increases due to decrease of number of photons which are
approaching to the catalyst surface active site, which further inhibited the rate of formation of

holes, hydroxyl radicals and super oxide ions (O, ™).
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Fig. 6Decolourization efficiency variation with initial conc. of Rhodamine BbyZnO
synthesized by using (a) NaOH and (b) NH,OH precipitating agent and calcined at 650°Cfor

2 h. ZnO1gL™. Irradiationtime120min.

Summery and conclusion:

>

ZnO nanopowder were synthesized by using two different precipitating agents (a)
NaOH and (b) NH4OH and calcined at 650°Cfor 2 h.

Characterisation of the samples were carried out by XRD, UV-VisDRS spectroscopy
and photoluminescencespectroscopy.

ZnO nanopowdersynthesized by using NH4;OH precipitating agent and calcined at
650°Cfor 2 h showed a red shift in UV-vis transmittance spectra.

Both the calcined ZnO nanopowders synthesized using NaOH and NH,OHas
precipitating agents,exhibitedstrong photoluminescence emission spectra at an
excitation wavelength of 320 nm.

The RhB dye degradation was done over the surface of ZnO under solar light
illumination to elucidate the photo-catalytic activity. A series of experiments were
carried out to study the influences of irradiation time, catalyst dosage, and initial
concentration of RhBon the photocatalytic degradation percentage by ZnO
nanoparticles.

The Uv-vis spectrum of RhB dye exhibits the maximum absorption at 553nm.

The degradation efficiency of RhBincreaseswith the catalyst dosage.



» The degradation efficiencywas maximum for less concentrated dye solution.

» The synthesis method is time and energy saving and will be useful in lowering the
cost of the catalyst as being a tropical country we get sufficient sunlight all over the
year, and it does not add to pollution.
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