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ABSTRACT

Lanthanum doped with copper oxide nanoparticles with size ranging from 20 to 100 nm and 10 um length were
prepared by reacting copper nitrate with Lanthanum oxide. The structure of the nanoparticles was confirmed by
scanning electron microscope (SEM) analysis. Photocatalytic activity of the insecticides imidacloprid and bifenthrin was
investigated. The decontamination effect of catalyst on the residues of imidacloprid and bifenthrin in water was
evaluated in three different buffer solutions (pH 4.0, 7.0 and 9.0). The catalytic reaction was measured under direct
sunlight at two different concentration levels of Imidacloprid and Bifenthrin. The optimum concentration of catalyst
(lanthanum doped copper-oxide) required for the decontamination was found to be 0.05 g/L. Residues were quantified
by ultra-fast High-Performance liquid chromatography method (UHPLC-PDA). Parameters, DTso and DTgo were
calculated from the dissipation data. The rate of the reaction showed first order kinetics in water. The addition of
Lanthanum doped with copper oxide nanoparticles contributed to significant photocatalytic dissipation of residues.
Complete mineralization of the residues was confirmed by the ultra-fast high-performance liquid chromatography. The

method has the limit of quantification 0.01 mg/L in water.
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Pesticides are widely used in agriculture to bring down
the pest infestations in the field eventually leading to
environmental contamination. Presence of agrochemical
residues in water reservoirs and other environmental strata
leads to environmental contamination and poses risk to the
living organisms. Imidacloprid ((NE)-N-[1-[(6-chloropyridin-
3-yl)methyl] imidazolidin-2-ylidene]nitramide); neonicotinoid
and Bifenthrin  ((2-methyl-3-phenylphenyl)methyl3-[(Z)-2-
chloro-3,3,3-trifluoroprop-1-enyl]-2,2  dimethylcyclopropane-
1-carboxylate;insecticide) is generally used as combinational
insecticide (Imidacloprid 20% (w/w) + Bifenthrin 8% (w/w)
SL) for the control of broad spectrum of sucking pests in
agriculture. Many reports are published for the determination
of residues of imidacloprid in water and other environmental
substrates including the application of Zinc as a photocatalytic
agent for the decontamination of residues [1]. Photocatalytic
degradation of imidacloprid in water was evaluated with
heterogeneous catalysis and homogeneous catalysis under
direct sunlight and UV irradiation. The semiconductor oxides
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are found to be the most effective in photocatalysis of residues
of organophosphate pesticides. The catalytic activity of
Ferrous, Zinc oxide, Copper oxide on several pesticides and
other environmental contaminants are widely reported by
different researchers [2-8]. The copper oxide (group Il -VI)
behaves as semiconductor with optical properties. The utility
of copper oxide nanoparticles is reported in gas sensors,
magnetic storage media, photo conductivity and photocatalytic
reactions. The photocatalytic activity of lanthanum doped
copper oxide nanoparticles was evaluated on the pesticide
residues (Imidacloprid and Bifenthrin) in the current study [9].

MATERIALS AND METHODS

Analytical reference standards of imidacloprid purity
99.90% and bifenthrin purity 99.54% were purchased from
Sigma Aldrich, Bangalore, India. The soluble concentrate (SL)
formulation of combination insecticide was purchased. Water
was collected from the Milli Q water purification system
(Millipore SAS). Acetonitrile, copper nitrate, ammonia
solution and triethyl amine supplied by Merck life sciences
private limited. The other chemicals used are analytical grade
reagents.

Analytical instrument
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The Agilent-1260 Infinity 11, Ultra High-Performance
Liquid Chromatography (UHPLC) equipped with a PDA
detector was used for the identification and quantification of
residues of Imidacloprid and Bifenthrin. The chromatographic
conditions are used, Zorbax C8, 250 mm length x 4.6 mm i.d
x 5 um, mobile phase mixture of acetonitrile and 0.1%
orthphosphoric acid and 10 pL injection volume with flow rate
of 1.0 mL/min. The retention times of Imidacloprid and
Bifenthrin observed were 3.1 and 5.3 minutes respectively.
Preparation of oxide
nanoparticles

La doped copper oxide nanoparticles were prepared by
chemical precipitation method. The lanthanum oxide, copper
nitrate and ammonia solutions were prepared separately and
taken in three-different burettes. The solutions were allowed to

lanthanum doped with copper

Fig 1 Scanning electron microscope of La doped copper oxide
nanoparticles (20-100 nm)
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Fig 3 FT-IR spectrum of La doped copper oxide nanoparticles

Photocatalysis

The photocatalytic effect of La doped copper-oxide on
residues of Imidacloprid and Bifenthrin insecticides in water
was evaluated on two different concentrations of
combinational insecticide formulation (Imidacloprid 20%
(w/w) + Bifenthrin 8% (w/w) SL) at 1.0 and 2.0 mg/L. The
study was conducted in Milli Q water and in three different
buffer solutions, pH 4.0, 7.0 and 9.0 without and with catalyst
(Lanthanum doped copper oxide nanoparticles) under direct
sunlight. The temperature of the water samples during the
study period was found between 27 to 42 °C. The intensity of
sunlight was measured during the exposure. The graphical
representation was shown in the (Fig 5). At designated time
intervals, the samples were collected, centrifuged using

drop continuously into a conical flask containing 100 mL of
distilled water placed on a magnetic stirrer with magnetic bead
for vigorous mixing to form the precipitate. The precipitate
thus obtained was taken out and filtered with buckner funnel,
washed with distilled water thrice. Few drops of triethyl amine
was used for neutralization. The precipitate was later washed
with acetone and transferred to a clean and dried silica
crucible placed in a hot air oven set at 80 °C for 1 hour. It was
later placed in a pre-heated muffle furnace set at 250 °C for
two hours. Coffee brown color powder was obtained at the end
of reaction showing the completion of lanthanum doped
copper oxide nanoparticles. It was confirmed by scanning
electron microscope (SEM), Energy Dispersive Spectrum
(EDS) and FT-IR and UV Spectra. The details are presented in
(Fig 1-4).
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Fig 2 Energy dispersive spectrum analysis of La doped copper
oxide nanoparticles
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Fig 4 UV-Vis spectrum of La doped copper oxide nanoparticles

cooling centrifuge set at 10000 RPM for 5 minutes, filtered
using 0.2-micron filter and stored in amber-coloured bottles.
All the samples were stored in dark (~ 4 °C) before injecting
in to UHPLC. The concentration of La doped copper-oxide
used was 0.05 g/L.

RESULTS AND DISCUSSION

Photolysis of pesticides without catalyst

The photolysis of Imidacloprid and Bifenthrin
insecticide in different pH water conditions and milli g water
under the influence of direct sunlight without catalyst was
evaluated. The study showed that the compounds degraded to
below detectable levels within 10 days in milli Q water, acidic
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buffer (pH-4.0) and neutral buffer (pH-7.0). The degradation
of Imidacloprid and Bifenthrin was found rapid in basic buffer

(pH-9.0) with below detectable level within 5 days. The
details are presented in the (Table 1).

Table 1 Photolysis of imidacloprid and bifenthrin under direct sunlight in milli Q water, pH-4.00, pH-7.00 and pH-9.00 buffer
solutions (Without catalyst)

Tested Imidacloprid Bifenthrin Tested Imidacloprid Bifenthrin
dose T1:0.2 T2: 0.4 T.:0.08 T2 0.17 dose T1:0.2 T,: 0.4 Ty: 0.08 T,: 0.17
mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
Sampling Sampling
occasions  Dissipation of residues in milli Q water (mg/L)  occasions Dissipation of residues in acidic buffer (mg/L)
(Days) (Days)
0 0.20 0.39 0.08 0.17 0 0.20 0.39 0.08 0.17
1 0.17 0.36 0.07 0.16 1 0.16 0.34 0.07 0.15
3 0.13 0.26 0.05 0.14 3 0.12 0.23 0.05 0.13
5 0.09 0.13 0.03 0.12 5 0.1 0.13 0.03 0.10
7 0.05 0.09 <LOQ 0.08 7 0.04 0.08 <LOQ 0.07
10 <LOQ <LOQ <LOQ <LOQ 10 <LOQ <LOQ <LOQ <LOQ
15 <LOQ <LOQ <LOQ <LOQ 15 <LOQ <LOQ <LOQ <LOQ
Dissipation of residues in neutral buffer (mg/L) Dissipation of residues in basic buffer (mg/L)
0 0.20 0.40 0.08 0.17 0 0.19 0.39 0.08 0.17
1 0.18 0.35 0.07 0.15 1 0.14 0.28 0.05 0.10
3 0.14 0.24 0.04 0.14 3 0.08 0.17 0.02 0.05
5 0.08 0.12 0.02 0.11 5 <LOQ <LOQ <LOQ <LOQ
7 0.03 0.09 <LOQ 0.06 7 <LOQ <LOQ <LOQ <LOQ
10 <LOQ <LOQ <LOQ <LOQ 10 <LOQ <LOQ <LOQ <LOQ
15 <LOQ <LOQ <LOQ <LOQ 15 <LOQ <LOQ <LOQ <LOQ

Photolysis of pesticides with catalyst

The photolysis of insecticides in presence of La doped
copper oxide under the influence of direct sunlight and
different buffer solutions and milli Q water was evaluated. The
details are presented in the (Table 2) and representative
chromatograms are presented in the (Fig 6-7). The adsorption
of insecticides on the catalyst was quantified in water at
designated time intervals. The increase in amount of catalyst
(tested concentrations ranged from 0.02 to 0.2 g/L) enhanced
the degradation of pesticide residues with equilibrium attained
at 0.05 g/L. The DTso and DTy values are calculated from the
dissipation data of insecticides. From the study, it was
observed that the reaction was influenced by change in pH.

The reaction was found slow at lower pH while dissipation
was found rapid with alkaline pH. When compared with
imidacloprid the dissipation of bifenthrin is more rapid in
basic solution. Further it was observed that in the water and
buffer solutions after the addition of lanthanum doped copper
oxide nanoparticles as catalyst enhanced the degradation of
insecticide. The influence of the aeration in decontamination
of residues was presented in (Table 3). The DTso and DTy
values were calculated using the following formula:

DTso = In 2/(k) and DTso= In 10/(k)

Where “k” is slope of the curve obtained from the dissipation
data

Table 2 Photolysis of imidacloprid and bifenthrin under direct sunlight in milli Q water, pH-4.00, pH-7.00 and pH-9.00 buffers
solution (With catalyst)

Tested Imidacloprid Bifenthrin Tested Imidacloprid Bifenthrin
dose T1:0.2 T2: 0.4 T1:0.08 T,: 0.17 dose T1:0.2 T,:04 T1:0.08  T2:0.17
mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
Sampling Sampling
occasions  Dissipation of residues in milli Q water (mg/L)  occasions  Dissipation of residues in acidic buffer (mg/L)
(Hours) (Hours)
0 0.20 0.40 0.08 0.17 0 0.20 0.40 0.08 0.17
1 0.18 0.38 0.07 0.16 1 0.17 0.37 0.07 0.16
3 0.16 0.35 0.05 0.14 3 0.15 0.33 0.05 0.14
5 0.14 0.24 0.03 0.12 5 0.13 0.22 0.03 0.12
7 0.11 0.15 <LOQ 0.07 7 0.09 0.12 <LOQ 0.07
10 0.06 0.11 <LOQ <LOQ 10 0.05 0.09 <LOQ <LOQ
24 <LOQ <LOQ <LOQ <LOQ 24 <LOQ <LOQ <LOQ <LOQ
Dissipation of residues in neutral buffer (mg/L) Dissipation of residues in basic buffer (mg/L)
0 0.20 0.40 0.08 0.17 0 0.19 0.39 0.08 0.17
1 0.18 0.38 0.07 0.16 1 0.16 0.25 0.06 0.12
3 0.16 0.34 0.05 0.15 3 0.14 0.21 0.03 0.07
5 0.14 0.24 0.04 0.13 5 0.11 0.17 <LOQ <LOQ
7 0.10 0.14 0.02 0.09 7 0.08 0.11 <LOQ <LOQ
10 0.06 0.11 <LOQ <LOQ 10 <LOQ <LOQ <LOQ <LOQ
24 <LOQ <LOQ <LOQ <LOQ 24 <LOQ <LOQ <LOQ <LOQ
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Table 3 DTsoand DTeo values of imidacloprid and bifenthrin in water at different pH conditions with and without catalyst

Milli Q water

Acidic buffer Neutral buffer

Basic buffer

Fig 6 Representative chromatogram of 0t day sample analysis
without catalyst

Insecticide (pH-4.00) (pH-7.00) (pH-9.00)
DTso in days (Without catalyst)
T1 T2 T1 T2 T1 T2 T1 T2
Imidacloprid 3.63 3.12 3.36 3.00 2.66 3.06 241 2.54
Bifenthrin 3.55 6.85 3.55 5.69 2.45 5.14 1.50 1.74
DToo in days (Without catalyst)
Imidacloprid 12.06 10.36 11.16 9.95 8.83 10.15 8.02 8.44
Bifenthrin 11.78 22.75 11.78 18.89 8.15 17.06 4.99 5.77
Milli Q water Acidic Buffer Neutral Buffer Basic Buffer
Insecticide (pH-4.00) (pH-7.00) (pH-9.00)
DTso in hours (With catalyst)
T1 T2 T1 T2 T1 T2 T1 T2
Imidacloprid 6.18 4.98 5.29 4.28 5.99 491 5.93 4.37
Bifenthrin 3.55 5.94 3.55 5.15 3.71 6.17 19.71 14.52
DToo in hours (With catalyst)
Imidacloprid 20.52 16.55 17.57 14.23 19.89 16.31 2.10 2.37
Bifenthrin 11.78 19.47 11.78 17.12 12.32 20.49 6.98 7.89
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Fig 7 Representative chromatogram of 15t day sample analysis
without catalyst
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CONCLUSION

The photocatalytic degradation of residues of
Imidacloprid and Bifenthrin clearly indicates that the sunlight
photolysis was influenced by the addition of the lanthanum
doped copper oxide nanoparticles as catalyst. The La doped
CuO nanoparticles were observed to be an excellent
decontaminating catalyst in different water samples. The basic

pH significantly enhanced degradation of pesticides. The
lanthanum  doped copper oxide nanoparticles was
characterized by SEM, EDS, FT-IR and UV-Vis. The
compound was identified and quantified by UHPLC-PDA
detection. The present study with La doped CuO nanoparticles
was found to be effective catalyst in photo catalytic
degradation.
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