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ABSTRACT

KEYWORDS
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In our study nanocomposites of TiO,-Au and ZnO-Au core-shell
nanoparticles have been prepared via colloidal chemical method. The par-
ticle size, shape and chemical composition have been determined via high
resolution transmission electron microscope (TEM) and X-ray diffraction
(XRD) analysis. These nanomaterials have been used as a photocalalysts
for photodegradation of organic waste for water purification. Primicarb is
one of the most commonly used pesticides in Egypt, the degradation of 20
ppm primicarb under ultraviolet (UV) and visible light in the presence and
absence of TiO,, TiO,-Au, and ZnO-Au nanocomposite was analyzed with
high performance liquid chromatography (HPLC) and UV-Visible Spectra.
The rate of the photodegradation and the catalytic activity of these
nanomaterials have been determined and compared. The results indicate
that the core-shell nanoparticlesis much more active catalyst in presence of
sun light than pure TiO, nanomaterials which has absorption maximum at
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INTRODUCTION

Different pesticidesof different chemicd naturehave
been extensively used in agriculturedl over theworld,
dueto their humantoxicity and persistencein soil and
drinking water they should be continuously monitored.
Even when present in small quantities, they have an
adverse effect on ecologica systems¥. Migration of
the pesticidesto ground and surface water has played
an important role in contamination especially in
developing Countries?. Saferemova or degradation
of pesticides has become an issue of great concern

therefore many physi cochemical methods have been
employed for thistask.

Many different semiconductor have been used as
photocatal ysts for degradation of organic pollutants
such as TiO, which hasbeen extensively stidied due
toitschemica stability, and high safety and activity'®.
It wasreported that the addition of noble metal to a
photocatal ytic semiconductor can change the semi-
conductor surface properties“l. Nano particles are
promisingfor their unique propertiesdueto their small
particlesizeand large surfaceto volumeratio® ¢ and
the ease with which they are anchored to the pesti-
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cidesfor water treatment.

Primicarb is one of the often used pesticidesin
Egypt, itisonethemost important classof substituted
N- dimethylcarbamateinsecticidesFigure 1. Kinetic
degradation studies with primicarb on lettuce and
asparagus in the field showed that primicarb broke
downwithinfew days” 8. Thisstudy isconcerned with
experimental conditionsinfluencingand enhancingthe
phodegardation of primicarb using different synthesized
nanopaticassuchasAu-TiO,Au-ZnO, TiO,. Different
investigations have been carried out to compare the
optima conditionsinfluencingtherate of degradetionin
presenceof UV-vidbleand naturd sunlight. Identification
and quantitativeanays sof thestarting materia andits
photoproductswascarried out in agueoussamplesusing
high performanceliquid chromatography HPLC, UV
and GC-M Sto monitor therate of degradation.
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Figurel: Sructureof primicarb

EXPERIMENTAL

Materials

Primicarb was obtained from Fluka(99% HPLC
grade) and used as received. Hydrogen
tetrachloroauratetrihydrate (HAUCI,.3H,0). (Sgma
Aldrich, 99.9%), Polyvinyl pyrrolidone, PVP-K30.
(Fluka, Av. Wt. 22000), Trisodium citrate (Sigma—
Aldrich, 99%), Sterile sodium chloride physiological
saline 0.9% (ADWIC) - Sodium borohydride (Sigma,
98%),Sodium carbonate (Sigma, 99%), L-Ascorbic
acid (Sgma-Aldrich). TiO,, ZnO, HPLC grade solvents
(purity 99%) such asmethanol, ethanol were purchased
from Aldrich and high purity water are used in the
experiments purified with the milli-Q system. All
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chemica swere used without any further purification.
Synthesisof semiconductor nanoparticles
Synthesisof TiO, nano-particles

The precursor of 5 ml Titanium isopropoxideis
added to amixture of 5ml of isopropyl alcohol and 3
ml glacial acetic acid drop-wisewith constant stirring.
The prepared particles are separated with centrifuge
anddriedfor further characterization. Theparticlesize
and shape is determined using TEM and the crystal
sructureisdetermined usng XRD. Theoptica absorp-
tionismeasured usng UV-Visible PerkinElmer Lambda
40 doubl e beam spectrophotometer.

Synthesisof ZnO nanoparticles

1.48 g (10 mmol) of Zn(CH,COO0),.2H,0 and
1.38 g (23.8 mmol) of NaHCO, are mixed at room
temperature. The mixtureisignited at 300 °C for 3
hours. TheZn(CH,COO0),.2H,0 isconverted to ZnO
nanoparticles, while the NaHCO, is converted to
CH,COONaand eventually washed away with deion-
ized water until the formation of white ZnO
nanoparticles. The particle size and shapeis deter-
mined using TEM and the crystal structureisdeter-
mined using XRD.

Synthesisof gold nanoparticlesby citratemethod

Spherica gold nanoparticles(GNPs) were prepared
In aqueous sol ution according to amethod described
by Turkevich. Simply, themethod isachemical reduc-
tion of goldionsby sodium citratein aqueous ol ution.
Sodium citrate serves al so asacapping material pre-
ventsaggregation and further growth of the particles. 5
ml of 1% sodium citrate solution was added to 40 ml
chlorouricacid (HAUCI,) boiling solution containing 5
mg of goldions. The solutionwasboiledfor 30 minutes
and wasthen | eft to cool down to room temperature.
The particlesize and shapeisdetermined using TEM
andthecrystal structureisdetermined using XRD.

SynthesisAu/TiO,and Au/ZnO nanoparticles

Gold nanoparticlesare prepared by citrate method
asshown above, and the obtained particlesare used as
aseed to grow TiO, or ZnO nanoshell. Thereaction
mixtureismicro-waved for 12 minutes. The particle
szeand shgpeisdetermined usng TEM and thecrysta
structureisdetermined using XRD.
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RESULTS

Char acterization of thesynthesized nano compos-
ites

Different metal oxide nano-particlessuchasTiO,,
ZnO andtheir core-shell gold nanocompositeshasbeen
synthesized chemically asshownintheexperimentd part
and characterized using absorption spectra, TEM and

XRD. Figures 2-5 showsthe absorption spectraasso-
ciated with TEM imagesfor dl theparticles prepared.
Asshownin Figures 2-5, the prepared nanoparticles
have monodispersed size and shapesand their sizeis
lessthan 100 nm and aband gap absorptioninthe UV
region, accordingly irradiationwith UV light only cre-
ates(e-h*) pair and activatesthe materia to beapho-
tocatal yst(© 19,
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Figure2: ShowsTEM |mage(a) UV-Visabsor ption spectrum (b), and XRD patter ns(c) of prepared TiO, nanoparrticles.

(b) T [c)
= 7
& a1 e oy
% ‘E N 110 103
§ E 102
: _,/ i
200 a0 60 BN 100 0 3 40 s e 70 80
Wavelength [nm) 28

b =
| (b) o ,
— AurTiL; 10 Min ;

n — AwTiCh 15 Min

3 &
3 -
3 i
] 2|
5 g
g £
200 400 800 800 1000 3

Wavelength {nm)

Flgure4 ShowsTEM |mage(a) Uv- Vlsabsorptlon spectrum (b), and XRD patterns(c) of prepared Au/TiO, nanoparrticles.
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Figure5: ShowsTEM image(a), UV-Visabsor ption spectrum (b), and XRD patter ns(c) of prepared Au/ZnO nanoparrticles.

Presenceof gold with the nanocomposite enhances
its absorption coeffecient and increases the
photocatalytic acitivity dueto theincreaseinthecharge
separation rate*+13,

Also the gold-semicondutor composite has
absorption at visibleregion duethe surface plasomon
of thegold particle, thismeansthat the photocatal ytic
activity of gold could beintiated by irradiation with both
UV andvisiblelight!+14,

Photodegradation on Rh6G using different
synthesed nanocomposites

The photocata ytic activity efficiency of thediffer-
ent prepared nanocrystalswasinvestigated by moni-
toring the photo degradation of organic dye such as
R6G which hasstrong absorptioninthevisiblerangeas
showninFigure6
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Figure6: Absor ption Spectra of Rhodamine6G

Before studying the effect of the photocatalyst on
the photodegradation rate of the dye, it wasimportant
to determinethe photodegradation of the organic dye
without any catalyst by exposureto direct sunlight and
examinether absorption spectraat different timeinter-
vals. The absorption spectraof Rh6G after exposure
tothesunlight at different timeintervalsisshownin
Figure7
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Figure7: Theabsor ption spectraof Rh6G at different timea)

10 min, b) 20 min, ¢) 30 min, d) 60 min, €) 90 min and f) 120
min

450

Changes of the absorption spectra during the
photodegradation process of the R6G dyeover TiO,,
Au-TiO, andAu-ZnO sheet under sunirradiation are
illustrated in Figure 8. Asshownin Figure 8 adding
layer of gold over the nanoparticls[TiO,-ZnO] in-
creaseitscatalytic activity, whereas, 93% of thedye
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decomposes only in 50 minutes.
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Figure8: Photodegradation of Rh 6Gin presenceof Au-TiO,

cor e shell nanoparticles. 93% of the dye decomposesin 50

minutesof visibleirradiation.
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Photodegradation on primicarb using different
synthesed nanoparticals

Thephotodegradation of primicarb wasinvestigated
using thethreedifferent synthesized nanoparticlsAu-
TiO,,Au-ZnQO,, TiO, and therates of decomposition
weremonitored using HPLC and UV spectra. There-
aultsindicatethat primicarb photo degradation efficiency
wasenhanced usingAu-TiO, and Au-ZnO, compared
withTiO, whenirradiationto UV-visiblelamp and natu-
ral sunlight asshown Fgure9which presentstheHPLC
chromatograms obtai ned for primicarb aloneand after
the addition of the different nanoparticls, primicarb
showed asharp peak at retention time 4.6 min Figure
9a, amarked decrease in the peak areaand theinte-
gration area percentage was obtai ned on addition of
theAu-TiO, and Au-ZnO nanoparticlsto primicarb in
comparison to the phodegradation using TiO, and split-
ting of the peaksindicate the formation of photo de-
graded speciesFigure9 b-d, thiswasfurther stated by
using GC-M Stechniques, wheretwo by productswhere
identified such asm/z 168 and m/z 225 which adopts
theability of using new synthesized nanoparticlsinthe
degradation of primicarb. Figure 8 representsthe UV-
visible spectraof primicarb, changesin theabsorption
of 20 ppm primicarb on addition of Au-TiO, and Au-
ZnO in atime dependent manner were presented in
Figure 10-12. The absorption spectrawastaken after

20 minutes of addition of the nanoparticlsto the 20
ppm primicarb, the progressive decreasein theabsorp-
tion UV of primicarb after irradiation for 3 hourswas
obtained, but still acomplete degradation wasdifficult
toobtain™. Thesmall differencesinthedegradationis
dependent onthepractica size, crystdlinestructurein-
creasing the efficiency of thedifferent nanoparticlsin
photodegradation could be achieved by modulating the
crystdlinestructure of thedifferent nanoparticlswhich
will giveawiderangeof specifity and sdlectivity. It could
be concluded that the photocatalytic activity of theTiO,
ismarkedly enhanced by the doping of small amounts
of metdsspeciallyAuasshownin TABLE. 1182,
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Figure9: HPL C chromatogramsfor thephotodegr adation of
20mg/I* primicarb using the three different synthesized
nanoparticals a) primicarb b) primcarb+TiO, c)
primicarb+TiO,-Aud) primicarb+ZnO -Au
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Figurel10: UV spectrumfor primicarb
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Figurell: Timedependent UV-visible spectrashowingthe
adsor ption of primicarb on TiO,—Auin 2 hoursonirradia-
tiontovisiblelight
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Figure12: Timedependent UV-visible spectrashowingthe
adsor ption of primicarb on TiO,-Auin 2hoursonirradiation
tovigblelight
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TABLE 1: Effect of different nanoparticlson thedegradation
of primicarb onirradiationtovisiblelight

Catalyst primicarb degradation (8hr) %
TiO, 60
Au-TiO, 90
Au-ZnO 87

Effect of different light sources

Theirradiation intensity and time playsan impor-
tant roleinthe photocata yti c degradation of primicarbi®:
221 |n this study a comparison between the
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photodegradation of primicarbin presenceandin ab-
sence of sun light was carried out and was compared
with theresultsobtained onirradiation to UV lamp.
UV irradiation haslimited the use of solar energy our
task istoinvestigate the ability of using aphotocatal yt
that degrades primicarb withvisiblelight sinceitisthe
major spectraof thesolar light. Primicarb treated with
the three synthesized nanoparticls (TiO,, Au-ZnO-,
AUTIO,) wasirradiated with natural sunlight and UV
lamp separately inanidentica experimenta condition
and theresultswere compared with theresultsobtained
inabsenceof theirradiationtolight and areillustratedin
Figure 13. Asshownin Figure 13, primicarb was un-
decomposed in absence of sun light and presence of
elther photocatal ystsonly 5% was decomposed after 8
hourswhile compl ete degradation isknown to occur
after 180 minonirradiationto UV lampi*”. Figure 13
showed that therate of decomposition increased to 87-
90% in presenceof Au-TiO, andAu-ZnO onirradia-
tionwith naturd sunlight. Whileno obviousphoto deg-
radation was observed for nano TiO, under the same
conditionsFigure12. since TiO, isnot avisiblerespon-
svecatayst theneat TiO, with band gap 3.2V iswell
auitablefor only UV light sourcearound 300 nm, Which
adoptstheideathat the catal ytic activity of asemicon-
ductor (TiO,, ZnO) ismarkedly enhanced by doping
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Figure13: Normalized curvefor photo catalyticdegradation
pf primicar b 20ppm 1) Absenceof sunlight usngnanoparticls
2) in presence of sun light using TiO,- Au 3) in presence of
sunlight usingZnO-Au
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small amount of metalssuch as (Au), dueto the easy
transfer of electronswhich are formed to the doped
metal particles, which preventsthe electron holere-
combination accel erating the photocata ytic degrada-
tion reaction to agrester extent.

High energy of the UV sourcewould excitemore
electronsfrom valence band to conduction band, si-
multaneoudy thequantum efficiency of thenano-particls
isthereforeincreased asillustrated in Figure 14 where
therate of photo decomposition wasabout 87-90%in
about 1 hours.
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Figure14: Timedependent UV-visible spectra showingthe
adsor ption of primicarb on TiO,in 80 mn onirradiation to
visiblelight

Effect of differ ent concentr ationsof reactants

Optimising thedifferent amountsof primicarb and
nanopartica sused isimportant for the photocatal ytic
degradation to avoid unnecessary interferences of the
excessamount of nanoparticlg?*2, Different concen-
tration of nano- particalswereinvestigated for their ef-
fect ontheprimicarb degradation resultswereillustrated
in Figure 13 the mixtures were made 1:10 nano:
Primicarb (V/V %) which showed that concentrations
downto 10° M.

Nanoparticalswere ableto degradethe primicarb
and therate of degradationincreaseswiththeincrease
intheconcentration of the nanoparticas(Au-ZnO, Au-
TiO,, TiO,). Degradation becomesfaster to acertain
limit sincethe excessin the concentration of the nano
partica might causethe scattering of light which occurs

Wotoioly Science  mm—

duetotheturbidity and accordingly fewer particlescan
undergo excitation and al so recombination of photo-
formed electrons-holesfacilitateto agreater extent,
when goplying high amount of thedifferent nenoparticas.
Hence, only 57% of degradation of primicarb wasnoted
with 10 M nanoparticle whereas at low amount of
catalysts5x10° will acceleratetherate of degradation
reactions (63%) Figure 15.
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Figurel5: Effect of different concentrationsof nanoparticals
onthephodegradation of primicarb 1) primicar b 2) primicarb+
10*M ZnO-Au3) primicarb+10“Zn0O -Au 4) primicar b+ 10
5ZnO-Au

CONCLUSION

The synthesized nanoparticls Au-TiO,,Au-
ZnO,TiO, are proved to beefficient for the photo-

Degradation of primicarb. Optimizing the param-
etersaffecting therate of degradation isanimportant
task, such asintensity of different light sources, con-
centration of the nanocatalyts.

The study statesthe ability of using the different
semiconductor doped with nanometalsfor the degra-
dation of primicarbonirradiationto natural sunlight as
aeasy and practical way for degradation of toxic com-
pounds.
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