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ABSTRACT

Mixed silver—zinc doped in zeolite Y was prepared via cation exchange process. Two samples with
various silver and zinc contents were prepared as well as two samples modified with microwave
treatment before the calcination process. The prepared samples behave as good adsorbents towards
fenoxicarb where up to 30% of the pesticide was removed from solutions upon mixing for one min-
ute. In addition, all of the modified materials tend to enhance the photo-degradation of fenoxicarb
when irradiated at 254 nm UV light. The study indicates that Ag-ZnY1 (10.7% Ag and 10.32% Zn)
provides the best catalytic activity towards the degradation of fenoxycarb where the rate constant
was 0.041 min™ compared to the observed rate constant of 0.0162 min™ for the similar test without
a catalyst. In addition, both microwave samples provide an enhancement in the photo-degradation
by 1.6-1.7 times compared to the zeolite-free samples. The data showed that silver played the major
role in the observed catalytic activity. For example, the rate constant of the Ag-ZnY1M sample (1.8%
Ag and 0.20% Zn) was 0.0283 min~ while the reaction proceeds with a rate constant of 0.0270 min™
when Ag-ZnY2M (0.90% Ag and 0.30% Zn) catalyst was used. GC-MS analysis of the irradiated solu-
tion of fenoxycarb for 60 min showed the formation of 4-(2-aminoethoxy)phenol ethane as the major

product.
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1. Introduction

Pesticides are chemical agents that are meant to kill,
incapacitate, or repel pests. They are often employed to
protect crops and food-stores and to reduce the spread
of disease [1]. While pesticides are desired to be selective
towards a particular organism, this level of selectivity is
rarely seen [2]. Often, pesticides affect other species, reduc-
ing biodiversity and eventually causing a decline in the
habitat where they are employed [3,4]. Moreover, pesticides
can contaminate water and soil, leading to their uptake by
both plants and animals [5]. Consumption of pesticide-con-
taminated products can lead to a variety of adverse health
effects, ranging from simple irritation to cancer [6]. As such,
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several methods of eliminating or containing the effects of
pesticides have been developed. Methods for the removal
of organic pollutants from water include physical (adsorp-
tion or settling), biological and chemical treatment [7-13].
However, photo-catalytic degradation (decomposition via
exposure to light) is one of the more efficient methods of
pesticide and organic pollutants removal. As Hupka et al.
explains, “photo-catalytic degradation is ideal in bodies of
water where the pesticide concentration is too high for bio-
logical treatment” [14]. In addition, Al Hattab noted that a
disadvantage of using adsorbents to remove pesticides is
that they do not actually destroy the pesticide and must
consequently be disposed of after use [7].

The degradation process can be further catalyzed by
the introduction of silver-doped zeolites. The zeolites
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adsorb the pesticide, bringing it into contact with silver
which catalyzes its decomposition under UV radiation
[15-17]. Silver-doped zeolites have been proven to effec-
tively catalyze the breakdown of different types of pesti-
cides [15,18,19]. Zeolites are alumino-silicates that possess
micro-porous structures. They are employed in a variety of
fields as adsorbents, molecular sieves (i.e.: they are selec-
tive towards molecules via size exclusion), ion exchangers
and catalysts [20-23]. Numerous studies have been pub-
lished by the authors involving zeolite assisted photo-ca-
talysis of organic pollutants, for example, carbamate-based
pesticides [24-33]. The zeolites in these studies are used as
adsorbents for the various pollutants as well as acting as
supports for metal-based photo-catalysts that can degrade
the pollutants [17,25]. Different zeolites are distinguished
typically by their Al/Si ratio, micro-structure and pore
diameter. Due to their porosity and high surface area,
zeolites have the ability to capture molecules and ions
onto their surface [29,31-34]. This property has allowed
researchers to use zeolites in separation and purification
processes, where a particular component of a mixture may
be removed, and as the base for metal as photo-catalysts
[29,31,32,34]. With regards to the adsorption of metals
ions, this occurs due to the negative charge present in the
zeolite as a result of AlO; being included in the frame-
work structure. Silver and gold doped into zeolites have
been identified as active photo-catalytic materials in aque-
ous solutions. This photo-catalytic activity is due to their
tendency to aggregate and form nanoclusters within the
pores of a zeolite and on its surface as well [31]. Silver is
also chemically stable and can operate as a photo-catalyst
under low UV conditions. Faujasite Y is typically chosen
as the base for metal encapsulation due to its large pore
sizes with high surface area, which allow the clustering of
the metal ions to occur [35].

Fenoxycarb (ethyl N-[2-(4-phenoxyphenoxy)ethyl] car-
bamate) is a non-neurotoxic carbamate insect growth regu-
lator (Fig. 1). Its primary mode of action is mimicking insect
juvenile hormones, thus preventing the targeted insect from
reaching maturity. Fenoxycarb has a relatively low solubil-
ity in water (6.0 mg/L), and shows a tendency to adhere
to soil, meaning that it is less likely to contaminate ground
water. However, when present in water, it shows consider-
able resistance to hydrolysis. As noted by Sullivan, the half-
life of fenoxycarb in aqueous media with pH of 5, 7 and 9
are 1406, 3136 and 4101 d, respectively [36]. It is, however,
susceptible to photolysis; fenoxycarb decomposes in 18-23
d when exposed to UV radiation.

Fenoxycarb is generally nontoxic to mammals and has
been shown to have minor immediate effects if consumed
by humans in small amounts. There is little information on
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Fig. 1. The molecular structure of fenoxycarb.

the long term effects of exposure to fenoxycarb. However,
Oda et al. reported that fenoxycarb may cause neonatal
defects [37]. Furthermore, fenoxycarb is notably toxic to
various species of fish. The LC, ranges from 0.6 ppm (48 h)
for Daphnia to 1.6 ppm (96 h) for Rainbow Trout [35]. In the
present work, various samples of Zn-Ag coupled system
supported onto Y-zeolite were prepared as substrates for
testing the possibility of increased photo-catalytic activities.
To follow the activity of the obtained systems, they were
used in photo-degradation of aqueous fenoxycarb. Effects
of the zeolite-metal composition and the microwave treat-
ment were investigated for their effectiveness in degrading
aqueous samples of fenoxycarb.

2. Experimentation
2.1. Chemicals

Fenoxycarb (Ethyl N-[2-(4-phenoxyphenoxy)ethyl]
carbamate) crystals under normal conditions having a
99.6% purity was purchased from Chem Service Inc. Qui-
nalphos solutions were prepared at room temperature
in 5:95 V:V% methanol : water (de-ionized). All solvents
were purchased from Sigma-Aldrich Chemical Company
and were HPLC grade. Analytical-grade standard aque-
ous solutions of 100 mg/L silver and 100 mg/L zinc were
purchased from Sigma-Aldrich Chemical Company. Sil-
ver nitrate (ACS reagent, 99.0%) and ammonium hydrox-
ide (30% aqueous solution) were purchased from Fischer
Scientific. Zeolite Y was received from Zeolyst Interna-
tional. All chemicals were used as received without fur-
ther purification.

2.2. Sample preparation
2.2.1. Preparation of Ag-ZnY1 and Ag-ZnY?2 samples

Two solutions containing both silver and zinc were
prepared. In preparing solution 1, 1 mmole of silver nitrate
in 10 mL ammonia and 1.0 mmole of zinc acetate were
dissolved in deionized water. Solution 2 was prepared by
dissolving 10.0 mmoles of silver nitrate and 1.0 mmole of
zinc acetate. Two samples containing approximately 5.0 g
of zeolite Y were transferred to separate conical flasks with
solution 1 and solution 2 being gradually added. The result-
ing solutions were stirred for 48 h at 75°C. Afterwards, each
solution was divided into two portions. One portion was
filtered and the powders were collected and dried at 100°C
for 24 h. Subsequently, the samples were annealed under
nitrogen atmosphere at 300°C for 24 h.

2.2.2. Preparation of Ag-ZnY1M and AgY2M

The stored portions that were taken from the above
solutions were digested with 5.0 mL of nitric acid followed
by microwave digestion that was done using QLAB 6000
from Questron Technologies Corp. The temperature of the
vessels reached 190°C and was held at this temperature for
30 min. The mixture was then filtered and the zeolites were
collected and dried for 24 h at 100°C before being annealed
under nitrogen atmosphere at 300°C for 24 h.
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2.3. Instrumentation

The photo-decomposition of fenoxycarb with time was
monitored via a Cary Eclipse fluorescence spectrophotom-
eter. The SEM images were taken using the casting method
from a suspension of the zeolites in methanol. The images
were taken using a Tescan VEGA III LMU scanning electron
microscope (Oxford Instrument EDS); the range of acceler-
ating voltage was 0.2-30 kV.

The lamp (VWR Scientific, Inc.) uses black-light bulbs
to emit UV radiation at either 254 nm or 302 nm. It con-
tains two 4-watt tubes that emit shortwave (254 nm) and
medium wave (302 nm) UV radiation.

The silver and zinc loadings were analyzed using ICP
Perkin-Elmer Optima with 1,300 W rf power. The samples
were digested as follows: 0.250 g of the zeolite was mixed
with 9.0 mL of 1.0 M nitric acid. Two standard solutions of
100 mg/L silver and 100 mg/L zinc were used to obtain
a calibration curve. Nitrogen adsorption/desorption iso-
therm was used to determine the surface area of the modi-
fied samples.

Gas  Chromatography-Mass  Spectrometry  (GC-
MS) measurements were made on a GC-2010 Plus and
GCMS-QP2010 Ultra Shimadzu. The Mass detector is Elec-
tron Ionization Quadropole MS. A 30 m x 0.25 mm ID Fac-
tor Four VF-5 MS column was used. Components of various
samples were separated using the following parameters:
injector temperature set at 150°C, and detector temperature
set at 320°C. The initial oven temperature of 80°C was held
for 3 min before the temperature was ramped to 150°C at a
rate of 20°C/min and held constant at this temperature for
3 min. Finally, the temperature was ramped to 300°C at the
rate of 20°C/min and held constant at 300°C for 3 min.

2.4. Irradiation of pollutant molecules

Stock solutions (30.0 ppm) of the pesticide fenoxycarb
were prepared in a 10:90 V:V% methanol:water mixture.
All solutions were prepared immediately prior to the irra-
diation experiments and diluted accordingly to obtain the
correct solution concentrations need for the photo-chemical
reactions. All irradiations were performed using UV lamp,
which emits a narrow band of irradiation at 254 nm (model
short range UV lamps from VWR Scientific, Inc.) with a rel-

ative intensity of 1300 ptW/cm? at a distance of 3 inch. Each
sample was irradiated in quartz test tubes with an inside
diameter of 12.5 mm, a length of 10 cm, and 1 mm wall
thickness. Only one test tube was irradiated at a time. All
solutions were prepared and exposed to UV light at a dis-
tance of 3.0 inch, where a maximum output of the lamp was
reached. The same procedure was followed for the fenoxy-
carb solutions containing 50.0 mg of the zeolite catalysts
Ag-7nY1, Ag-ZnY2, Ag-ZnY1M, and Ag-ZnY2M.

3. Results and discussion

Images of SEM for all samples were captured with var-
ious magnifications. Fig. 2 shows an example of the SEM
image for Ag-ZnY1 sample as well as a depicted EDX ele-
mental analysis profile. For every zeolite test sample, at least
3 sampling sites were depicted for the EDS surface analysis
with the average metal contents is recorded in Table 1. It
is primarily seen that the microwave digestion reduces the
silver and zinc loadings in both samples. The analysis also
shows that Ag-ZnY1 has the highest metal content overall.
To determine the exact metal loading in bulk samples, ICP
analysis was also conducted. As shown in Table 1, the metal
content mostly corroborates that microwave digestion low-
ers the metal loading in the zeolite samples. However, both
Ag-ZnYIM and Ag-ZnY2M held a very small amount of
silver and zinc.

The BET surface area of the four catalysts was also
determined using a Quantachrome Autosorb iQ and grade
5(99.999%) nitrogen gas with all results recorded in Table 2.
The results show that the digested samples are with low-
est surface area when compared to the analogue samples
without digestion. SEM images showed that the micro-
wave digestion changes the surface morphology of the
doped zeolite samples where the pores of the zeolite being
reduced, which explains the reduction in the surface area
and likelihood of adsorption in addition to the random dis-
tribution of the loaded metals of the samples. The highest
surface area was recorded for Ag-ZnY2 while Ag-ZnY2M
displayed the lowest area.

Fig. 3 shows the emission spectra of a 30.0 ppm fenoxy-
carb solution recorded at A = 272 nm before (labeled as
t = 0) and after the exposure to 254 nm UV light for several

Fig. 2. SEM image for Ag-ZnY1 catalyst and the EDS analysis profile for depicted area.
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Table 1
The silver and zinc contents of the prepared samples as obtained
from SEM-EDS and ICP analysis (presented in paranthesis)

Catalyst Silver content Zinc content
(% w/w) (% w/w)
Ag-ZnY1 11.7 (10.7) 14.32 (10.32)
Ag-ZnY2 41 (4.6) 8.4 (8.5)
Ag-ZnYIM None (1.8) None (0.2)
0.0014Ag-ZnY2M None (0.9) 2.0(0.3)
Table 2

The results of the BET surface area analysis of zeolite-silver-zinc
samples.

Catalyst Rate Constant Surface area
(min™) (m?/g)
None 0.0162 -
Ag-ZnY1 0.0409 303.643
Ag-ZnY2 0.0233 545921
Ag-ZnYIM 0.0283 254924
Ag-ZnY2M 0.0270 250.106
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Fig. 3. Time course emission spectra of fenoxycarb without cat-
alyst irradiated with 254 nm UV light and recorded at 4 = 272
nm. The insert shows the plot of Ln [fenoxycarb] as function of
the irradiation times.

periods of time. As shown in Fig. 3, the emission of fenoxy-
carb shows a major broad peak observed at 320 nm. By
irradiating the solution with 254 nm UV light, the observed
luminescence band perceived a redshift with a great
increase in the emission intensity. This increase in intensity
is due to exciting the free electrons on the carbamate nitro-
gen and oxygen atoms. This reduces the photo-induced
electron transfer process that opens the emission process
upon irradiation. The observed emission bands endured a
gradual decrease in their intensity with further irradiation.
The insert in Fig. 3 represents a plot of Ln [fenoxycarb] ver-
sus irradiation time, which indicates a pseudo-first order
process with a rate constant of 0.0162 min.

Synchronous scan luminescence spectra (SSLS) is a
selective technique for the analysis of fluorescing mixtures
since it involves scanning both the excitation and emission
mono-chromators with a constant difference over the spec-
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Fig. 4. Time course emission spectra of fenoxycarb in the pres-
ence of Ag-ZnY1 recorded at AA-50 nm for solutions before and
after irradiation with 254 nm UV light. The insert shows the plot
of Ln [fenoxycarb] as function of the irradiation times.

trum range [33,38]. The photo-degradation of fenoxycarb
was also investigated in the presence of the modified Ag-Zn
zeolite samples. Fig. 4 shows the SSLS of fenoxycarb exposed
to Ag-ZnY1 surface AA = 30 nm. As shown in Fig. 4, fenoxy-
carb possess a band with maximum emission at 321 nm.
This mode was broadened and shifted upon irradiation for
10 min. Analysis of the results also indicated that the deg-
radation process followed a pseudo-first order profile. In
addition, the SSLS of the pesticide exposed to Ag-ZnY1IM
samples presented in Fig. 5 shows a similar trend as the
irradiated fenoxycarb without catalyst and with the inten-
sity between the two observed modes being reversed. This
indicates that oxygen and nitrogen show different behavior
on the metal surface. It has been reported that silver tends
to make excimers with nitrogen atoms; therefore, the band
observed at 290 nm occurs as a result of the photo-induced
electron transfer through the nitrogen carbamate moiety to
the conjugated system within the pesticide [Ag-N exciplex].
Interestingly, the photo-catalytic behavior of fenoxycarb in
the presence of the AgY shows a gradual reduction in the
peak intensities without any shift in the SSLS upon irradi-
ation [33]. When the carbamate fenoxycarb reacts with sil-
ver(]I) clusters in their excited electronic state, strong bonding
occur that forms a strong bond between the two. This new
fenoxycarb-Ag bond causes a weakening and eventual dis-
sociation of the intramolecular fenoxycarb bonds [18]. Since
Agrand Zn*?ions are with un-reactive closed shell d'’ ions in
their ground state but can be excited to reactive, open shells
d’s! or d’p’ state, the binding is stronger with these free ions
upon excitation, which results in the fast degradation pro-
cess. Table 2 summarizes the rate constants of the fenoxy-
carb degradation under 254 nm in the presence (and in the
absence) of the four catalysts. It is worth mentioning that the
modified samples show a good affinity to absorb/adsorb up
to 30% of the initial fenoxycarb directly upon mixing due to
their high porosity and thus high surface area. It is clearly
noticed that the presence of Ag-Zn doped zeolite have sig-
nificantly enhanced the photo-degradation of fenoxycarb.
The best activity was observed for Ag-ZnY1 when the initial
pesticide went through 90% degradation of the initially irra-
diated sample.

Fig. 6 shows the decomposition products of fenoxy-
carb. The products were identified upon the degrada-
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Fig. 5. Time course synchronous spectra of fenoxycarb in the
presence of Ag-ZnYIM catalyst recorded at AA-50 nm before and
after irradiation with 254 nm UV. The insert shows the plot of
Ln [fenoxycarb] as function of the irradiation times.
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Fig. 6. The observed photo-degradation products obtained after
irradiating fenoxycarb for 60 min at 254 nm.

tion of fenoxycarb after irradiation for 60 min using Gas
Chromatography-Mass Spectrometry (GC-MS). Three GC
bands appeared after 8.11, 18.7, and 20.3 min. The Mass
spectrum of the 20.3 min peak indicates the presence of
the fenoxycarb whereas, the Mass analysis for the 18.7
peak indicates the formation of N-[2-(4-phenoxy-phe-
noxy)ethyl] carbamic acid (1) (273 amu) resulting from
the hydrolysis of the ester functional group in fenoxycarb.
The peak observed after 8.11 min with 153 amu indicates
the formation of 4-(2-aminoethoxy)phenol (compound 2),
which produced after decarboxylation of the carbamic
acid derivative (compound 1).

4. Conclusion

In this study, we have developed a novel highly active
mixed-metal Ag-Zn catalyst for the photo-degradation of
the pesticide fenoxycarb. This catalystis prepared by doping
Ag and Zinc nanoparticles into Y zeolite and then digested
by microwave treatment. Silver-Zinc metal ions incorpo-
rated into the zeolite Y framework has once again proven
capable of reducing the level of pesticide in an aqueous
solution where up to 30% of the pesticide were absorbed/
adsorbed by the modified materials. Interestingly, the pres-
ence of the maximum amount of silver loaded on the zeolite
decomposes fenoxycarb by 90% after UV irradiation for one

hour into one product 4-(2-aminoethoxy)phenol. Future
work will focus on examining the relationship between sil-
ver and zinc cluster structure and the catalytic activity in
the presence of dissolved organic carbon to mimic the con-
ditions of natural water systems.

Acknowledgement

We thank the American University of Sharjah for sup-
porting this work.

References

[1] M. Liu, H. Yang, H. Liu, Y. Wu, Development of high-perfor-
mance liquid chromatography and non-aqueous capillary
electrophoresis methods for the determination of fenoxy-
carb residues in wheat samples, J. Sci. Food Agric., 67 (2008)
62-67.

[2] M. Angelo, The law and ecology of pesticides and pest man-
agement, Routledge, Taylor & Francis Group (2013).

[3] S.Oda, N. Tatarazako, H. Watanabe, M Morita, T. Iguchi, Pro-
duction of male neonates in four cladoceran species exposed
to a juvenile hormone analog, fenoxycarb, Chemosphere, 60
(2005) 74-78.

[4] W.Palmer, P. Bromley, R. Brandenburg, Wildlife & Pesticides -
Peanuts. North Carolina State University, 2015.

[5] P. Paya, ]. Mulero, J. Oliva, M.A. Cdmara, A. Barba, Influence
of the matrix in bioavailability of flufenoxuron, lufenuron,
pyriproxyfen and fenoxycarb residues in grapes and wine,
Food Chem. Toxicol., 60 (2013) 419-423.

[6] Environmental Protection Agency, Pesticides and Public
Health, 2015.

[7]1 M. Al Hattab, A. Ghaly, Disposal and treatment methods for
pesticide containing wastewaters: critical review and compar-
ative analysis, . Environ. Protect., 3 (2012) 431-453.

[8] S.Kanan, F. Samara, I. Abu-Yousef, N. Abdo, Silver nanoclus-
ters doped in zeolite to decontaminate water resources from
the quinalphos pesticide, Res. Chem. Int., 36 (2010) 473-482.

[9] C.A.Martinez-Huitle, M.A. Rodrigo, I. Sirés, O. Scialdone, Sin-
gle and coupled electrochemical processes and reactors for the
abatement of organic water pollutants: a critical review, Chem.
Rev., 115 (2015) 13362-13407.

[10] Z. Mirian, A. Nezamzadeh-Ejhieh, Removal of phenol con-
tent of an industrial wastewater via a heterogeneous photo-
degradation process using supported FeO onto nanoparticles
of Iranian clinoptilolite, Desal. Water Treat., 57 (2016) 16483—
16494.

[11] A. Nezamzadeh-Ejhieh, Z. Banan, Photodegradation of
dimethyldisulfide by heterogeneous catalysis using nano CdS
and nano CdO embedded on the zeolite A synthesized from
waste porcelain, Desal. Water Treat., 52 (2014) 3328-3337.

[12] H. Derikvandi, A. Nezamzadeh-Ejhieh, Increased photocata-
lytic activity of NiO and ZnO in photodegradation of a model
drug aqueous solution: Effect of coupling, supporting, parti-
cles size and calcination temperature, J. Hazard. Mater., 321
(2017) 629-638.

[13] M. Babaahamdi-Milani, A. Nezamzadeh-Ejhieh, A compre-
hensive study on photocatalytic activity of supported Ni/Pb
sulfide and oxide systems onto natural zeolite nanoparticles, J.
Hazard. Mater., 318 (2016) 291-301.

[14] J. Hupka, A. Zaleska, M. Janczarek, E. Kowalska, P. Gérska, R.
Aranowski, Uv/vis light-enhanced photocatalysis for water
treatment and protection. NATO Science Series Soil and Water
Pollution Monitoring, Protection and Remediation, 2006, pp.
351-367.

[15] SM. Kanan, M.C. Kanan, H. Patterson, Photoluminescence
spectroscopy as a probe of silver doped zeolites as photocata-
lysts, Curr. Opin. Solid State Mater. Sci., 7 (2003) 443-449.



286

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

S.M. Kanan, A. Malkawi et al. / Desalination and Water Treatment 100 (2017) 281-286

S. Kanan, I. Abu-Yousef, N. Abdo, The Photodecomposition of
phosmet over UV irradiated silver nanoclusters doped in mor-
denite zeolite, Appl. Catal. B: Environ., 74 (2007) 130-136.

S. Kanan, S. Nusri, The effect of silver and silver-platinum
doped into 5A zeolite on the degradation of naptalam, Adv.
Mater. Res., 856 (2014) 43-47.

J. Ahern, S. Kanan, Z. Sara, T. Job, R. Alnaizy, N. Abu Farha, H.
Patterson, Photocatalysis of fenoxycarb over silver-modified
zeolites, Environ. Sci. Pollut. Res., 22 (2014) 3186-3192.

J. Ahern, S. Kanan, H. Patterson, Heterogeneous photoca-
talysis with nanoclusters of D'"metal ions doped in zeolites,
Comm. Inorg. Chem., 35 (2015) 59-81.

AlJ. Hernandez-Maldonado, R.T. Yang, Desulfurization of lig-
uid fuels by adsorption via © complexation with Cu (I) -Y and
Ag-Y zeolites, Indust. Eng. Chem. Res., 42 (2003) 123-129.

A. Luengnaruemitchai, P. Naknam, S. Wongkasemyjit, Investi-
gation of double-stage preferential CO oxidation reactor over
bimetallic Au-Pt supported on A-zeolite catalyst, Indust. Eng.
Chem. Res., 21 (2008) 8160—8165.

B. Valle, A.G. Gayubo, A. Alonso, A. Aguayo, J. Bilbao, Hydro-
thermally stable HZSM-5 zeolite catalysts for the transfor-
mation of crude bio-oil into hydrocarbons, Appl. Catal. B:
Environ., 100 (2010) 318-327.

J.M. Escola, ]. Aguado, D.P. Serrano, A. Garcia, A. Peral, L. Bri-
ones, R. Calvo, E. Fernandez, Catalytic hydroreforming of the
polyethylenethermal cracking oil over Ni supported hierarchi-
cal zeolites and mesostructured aluminosilicates, Appl. Catal.
B: Environ., 106 (2011) 405-415.

S.M. Kanan, Study of argenate, dicyanoargenate, and dicya-
noaurate clusters doped in zeolites and the photoassisted deg-
radation of NOx, malathion, carbofuran, and carbaryl, Ph.D.
Dissertation, University of Maine (2000).

F. Samara, E. Jermani, S. Kanan, Photocatalytic UV-degra-
dation of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) in the
presence of silver doped zeolite, Arab. J. Chem. (2015), http://
dx.doi.org/10.1016/j.arabjc.2014.12.009.

[26] F. Samara, M. Al Shamsi, F. Kannan, S. Kanan, Photocatalytic

[27]

UV degradation of 2,3,7,8-tetrachlorodibenzofuran in the pres-
ence of silver zeolite: Res. Chem. Intermed. (2016). doi: 10.1007/
s11164-017-2913-8.

M.C. Kanan, A study of the Photodegradation of carbaryl: The
influence of natural organic matter and the use of silver zeolite
Y as a catalyst, M.S. Thesis, University of Maine (2001).

(28]

[29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

S.M. Kanan, C.P. Tripp, R.N. Austin, H. Patterson, Photolumi-
nescence and Raman spectroscopy as probes to investigate sil-
ver and gold dicyanide clusters doped in A-zeolite and their
photoassisted degradation of carbaryl, J. Phys. Chem. B, 105
(2001) 9441-9448.

M.C. Kanan, S.M. Kanan SM, R.N. Austin, H. Patterson, Photo
decomposition of carbaryl in the presence of silver-doped zeo-
lite Y and Suwannee River natural organic matter, Environ.
Sci. Technol., 37 (2003) 2280-2285.

S.M. Kanan, M.C. Kanan, H. Patterson, Photophysical proper-
ties of Ag(I)-exchanged zeolite A and the photoassisted degra-
dation of malathion, J. Phys. Chem. B, 105 (2001) 7508-7516.
S.M. Kanan, N. Abdo, M. Khalil, X. Li, I. Abu-Yousef, F. Bari-
Irobert, H. Patterson, A study of the effect of microwave treat-
ment on metal zeolites and their use as photocatalysts toward
naptalam, Appl. Catal. B: Environ., 106 (2011) 350-358.

S.M. Kanan, M.C. Kanan, H. Patterson, Silver nanoclusters
doped in X and mordenite zeolites as heterogeneous catalysts
for the decomposition of carbamate pesticides in solution, Res.
Chem. Interm., 32 (2006) 871-885.

S.M. Kanan M.A. Omary, M. Matsuoka H. Patterson, M. Anpo,
Characterization of the excited states responsible for the action
of silver (I)-doped ZSM-5 zeolites as photocatalysts for nitric
oxide decomposition, J. Phys. Chem. B, 104 (2000) 3507-3517.
R.S. Gomez, X. Li, RL. Yson, H. Patterson, Zeolite-supported
silver and silver—iron nanoclusters and their activities as pho-
todecomposition catalysts, Res. Chem. Interm., 37 (2011) 729—
745.

J. Kaduk, J. Faber, Crystal structure of zeolite Y as a function of
ion exchange, The Rigaku J., 12 (1995) 14-34.

J. Sullivan, Chemistry and environmental fate of fenoxycarb,
Rev. Environ. Contam. Toxicol., 202 (2000) 155-184.

S.Oda, T. Norihisa W. Hajime, M. Morita, T. Iguchi, Production
of male neonates in four cladoceran species exposed to a Juve-
nile hormone analogs, Chemosphere, 61 (2005) 1168-1174.
M.C. Kanan, S. Kanan, H. Patterson, Luminescence properties
of silver(I)-exchanged zeolite Y and its use as a catalyst to pho-
todecompose carbaryl in the presence of natural organic mat-
ter, Res. Chem. Interm., 29 (2003) 691-704.



