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ABSTRACT

Nanotechnology's application in agriculture has opened up new options for gen-
erating nanosized agrochemicals that have the potential to improve efficiency,
improve stability, extend the effective duration, and reduce environmental im-
pacts 1. One of the most pressing difficulties in the agricultural industry is the
need to handle pesticide-related issues such as environmental contamination,
bioaccumulation, and increases in insect resistance, which necessitates reducing
the amount of pesticide sprayed on crops and protecting stored products. Nano-
technology is proving to be an appealing tool for achieving this goal since it pro-
vides new ways to synthesize and transport active ingredients known as na-
nopesticides 1. Nanoemulsions are particularly well suited to creating lipophilic
functional agent delivery systems 2. The current study uses a high-energy (ultra-
sound) emulsification approach to create oil-in-water (O/W) acetamiprid
nanoemulsions with synthetic and natural additives. The acetamiprid nanoemul-
sions were spontaneously formed by adding a mixture of acetamiprid and solvent
in an aqueous solution containing a surfactant (tween) with continuous stirring.
The nanoemulsions were then formed by ultra-sonication. Various characteriza-
tion techniques for acetamiprid nanoemulsions include particle size analysis
(DLS), Fourier-transform infrared spectroscopy (FTIR), and transmission elec-
tron microscopy (TEM). Acetamiprid nanoemulsions are further evaluated by
studying thermodynamic stability. This includes a Centrifugation assay, Freeze-
thaw cycle nanoemulsions, Heating-cooling test, stability at room temperature of
25°C, pH measurement, and viscosity measurement. The droplet size and mor-
phology of the acetamiprid nanoemulsions were measured by dynamic light scat-
tering (DLS) and transmission electron microscopy (TEM). DLS and TEM
measurements showed that acetamiprid nanoemulsions had an almost droplet size
distribution (PDI < 200 nm). On this basis, an insecticide acetamiprid was incor-
porated into an optimized nanoemulsion system to demonstrate potential applica-
tions in pest control.

Keywords: Acetamiprid nanoemulsion, nanoemulsion characterization,
nanoemulsion stability.
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INTRODUCTION

Over the last few decades, research into nano-agrochemicals' structure in the
form of "nano pesticides" and "nano fertilizers" has been increasingly popular #.
Pesticides are necessary for modern agriculture. However, the development of
nano pesticides has received less or delayed attention compared to other food
production areas, such as food processing and packaging. Furthermore, numerous
studies have raised concerns about the health risks of farmer exposure and
population occupational exposure to high pesticide residues 5,6. Many
agricultural problems, such as pest management using traditional methods, the
toxic effects of chemical pesticides, and the development of improved crops, can
be solved with nano pesticides. 8. Nanopesticides comprise minimal active
ingredient components or small structures that can enhance agricultural
formulations' dispersal and wettability. Stiffness, permeability, crystallinity,
thermal stability, solubility, and biodegradability are all valuable features of
nanopesticides. Nanoparticles, nanocapsules, and nanoemulsions are some
methods for delivering nanopesticides for plant protection that have been
discussed. *°. Nanoemulsions are emulsions that contain an oil nanoscale or
water droplets (20—-200 nm) spread in the outer phase of opposite polarity due to
the action of surfactants on the oil-water interface.!>!2, Nanoemulsions are non-
equilibrium systems with excellent kinetic stability, low viscosity, and optical
transparency, making  them  appealing  for  various industrial
applications.’®.Depending on the composition, three types of nanoemulsions
can be formed. Oil-in-water nanoemulsions in which the oil droplets are
dispersed in the aqueous phase. Water in oil nanoemulsions with dispersed water
droplets in the continuous oil phase. Bi-continuous nanoemulsions have oil and
water micro-domains dispersed throughout the system in the three forms of
nanoemulsions. A proper combination of surfactants and co-surfactants stabilizes
the interface®®. Low-energy, high-energy, and mixed processes are used to make
the nanoemulsions. High-shear agitation, ultrasonic emulsification, high-pressure
homogenization, microfluidics, and membrane emulsification are examples of
high-energy processes 6. The phase inversion temperature method, the emulsion
inversion point method, and spontaneous emulsification in non-equilibrium
systems are the most extensively utilized low-energy approaches !’. Ultrasonic
emulsification is a high-energy, rapid, and efficient process for creating
nanoemulsions with small droplet diameters and narrow size distributions.'82°,
Nanoemulsions, including external and non-ionic surfactants and chitosan, have
recently been employed in agriculture %,

However, forming stable nanoemulsions over a long period is a crucial but
difficult feature to achieve. The specific methods by which nanoemulsions arise
and how their characteristics can be regulated are still being studied at the
fundamental level. Compared to traditional emulsions, nanoemulsions exhibit
significantly superior gravitational separation and aggregation 7. Ostwald
ripening, flocculation, and coalescence are the additional Physico-chemical
processes that break down nanoemulsions. To produce a stable nanoemulsion
formulation, several parameters must be regulated, such as component
composition, sequence of addition of components, and application of shear or
surfactants in a way that efficiently ruptures droplets 4. According to one study,
increased surfactant concentrations resulted in more stable nanoemulsions. A
combination of surfactants can sometimes give better stability than a single
surfactant (Wang et al. 2007). The emulsifiers or surfactants act as a shear, which
breaks down a dispersible liquid into small droplets (typically nanometers in
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size). This process is known as emulsification, where surfactants reduce the
surface tension, and precipitation is no longer likely to occur. Nanoemulsions are
an excellent choice for delivering poorly water-soluble active ingredients.
However, nanoemulsion formulations that improve the bioavailability of active
chemicals can distribute and encapsulate hydrophilic and hydrophobic pesticides.

Nanoemulsions have considerable economic and safety advantages for pesticide
delivery in agrochemicals.?*. The main objective of this study was to prepare oil
in water nanoemulsion containing an Acetamiprid insecticide. Moreover, a
Nanoemulsions system was prepared with surfactant (Tween 80 or lecithin). The
nanoemulsion preparation method was high shear agitation, which is widely used
for pesticide preparation. The mixing ratio of the three levels of the active
ingredient, solvent, co-solvent, surfactant, sonication time, and sonication cycle
and power. The effect of these factors on the long-term stability of the
nanoemulsions, droplet size distribution (PDI) by dynamic light scattering (DLS),
(FTR)Fourier-transform infrared spectroscopy, (TEM)Transmission Electron
Microscopy, viscosity, pH.

MATERIALS AND METHODS
Chemicals and reagents

Acetamiprid grade (95%) was obtained from the Ministry of Agriculture National
Center for Pesticides Control. (Abu Grabe, Baghdad, Iraq). (Polyethylene glycol
6000 PEG-6000), (Chitosan), (Sodium Tripolyphosphate Light Density STPP),
(Linseed oil), (Acetic acid), surfactant (Tween 80 or lecithin), and Emulsifier
SPAN 20 purchased from the chemical bureau(Bab Al Moatham, Baghdad,
Iraq). Deionized water was used for all the experiments throughout the study. All
other commercially available solvents and reagents were used without further
purification.

Preparation of acetamiprid nanoemulsion

Preparation of active ingredient Acetamiprid (Nanoemulsion): For the
preparation of nanoemulsion (active ingredient Acetamiprid), Many
combinations with different proportions of materials were prepared; after passing
all tests, this emulsion was chosen, which gives the greatest stability. The
nanoemulsion was prepared according to the method described previously by
Sugumar and co-authors with some modifications 22 .As well as the procedure
with some modifications 2.

The nanoemulsion was prepared by taking 10 ml of Tween solution into a flask
(surfactant) and adding 100 ml of thawed water. Added 30 ml of linseed oil, and
the oil phase was slowly added to the aqueous phase with stirring at 4000 rpm for
30 minutes. Added 3 grams of the active ingredient, dissolved in 97 ml of solvent
(ethanol), and added to the mixture. The formed emulsions were then sonicated
with an ultrasonic probe (ultrasonic homogenizers). These combinations were
tested to find out their stability.

Preparation of commercial insecticide (¢ nanoemulsion): The commercial
insecticide nanoemulsion was prepared by taking 200 ml of the commercial
pesticide and dissolved in 400 ml of deionized water to obtain a commercial
emulsion with a high concentration. The formed emulsions were then sonicated
with an ultrasonic probe (ultrasonic homogenizers). These combinations were
tested to find out their stability 23,

Thermodynamic stability studies to screen nanoemulsions.

Centrifugation assay: The samples were centrifuged for 30 minutes at 5000 rpm,
and phase separation, foaming, and cracking were observed. Nanoemulsions
should have maximum stability not associated with phase separation (foaming
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and cracking). The successful formulations were subjected to other
thermodynamic stability tests. The measurements were carried out in triplicate 4.

Freeze-thaw cycle nanoemulsions: This test was performed to determine the
increased stability of the nanoemulsion formulations. The formulations were
exposed to two temperatures (-21 ° C and 21 ° C) for at least 24 hours for each
temperature test. The measurements were carried out in triplicate 2*.

Heating-cooling test: It is used to demonstrate the radiation effect of heating and
cooling on the stability of prepared nanoemulsions, where the prepared
nanoemulsions were held at 4 and 40 ° C with exposure for 48 hours for each
temperature test. Formulations that are stable at this temperature are subject to
further study. The measurements were carried out in triplicate 4.

Stability at room temperature of 25°C: A glass tube was filled with around 20 mL
of freshly manufactured nanoemulsions. During an a4-week storage period, the
shift from steady-state to creaming and coalescence was studied 24,

PH measurement: The pH value is one of the main parameters of nanoemulsions.
Observation of the pH value follows from the determination of the stability of the
nanoemulsion due to the change in pH in the presence of chemical reactions. In
the present study, a digital pH meter was used to determine the pH values of the
prepared nanoemulsions. The samples were repeated three times.

Viscosity measurement: The nature and concentration of surfactant, oil phase
components, droplet size, and the viscosity of the essence of oil production all
influence the viscosity of nanoemulsions 22, BROOKFIELD CAP
2000+viscometer at 25C was used to assess the nanoemulsion's dynamic
(absolute) viscosity. The viscosity of the formulations was determined without
the use of any additional dilution.

Characterization of the prepared nanoemulsions

Particle Size Analysis DLS: This technique is commonly known as dynamic light
scattering (DLS) but is also called photon correlation spectroscopy (PCS) and
quasi-elastic light scattering (QELS). The latter terms are more common in older
literature. DLS is most commonly used to analyze nanoparticles. Examples
include determining nanogold, protein, latex, and colloid sizes. The technique is
generally best used for submicron particles and can be used to measure particles
with sizes less than a nanometer. 2. Nanoparticles may differ in physical
properties, such as composition and concentration, as well as in size, shape,
surface properties, crystallinity, or dispersion state. These properties are usually
assessed by several methods, aiming for the complete characterization of the

nanoparticles; dynamic light scattering (DLS) is one of the most commonly used
28,29

The particles’ size and polydispersity index (i.e., size distribution) were
determined through Dynamic Light Scattering Technology (DLS) using a
HORIBA model SZ-100 to determine particle size. All evaluations were

performed in triplicate. Tests were carried out for samples in the Faculty of
Biology, University of Tehran, Science Campus, Enghelab St., Tehran, Iran.

Fourier-transform infrared spectroscopy FTIR

Determination of the active groups contributing to the preparation of particles
(Nanoemulsion): Infrared spectroscopy (FTIR) is an essential means of
determining the effective groups that can be reducing agents, capping agents, and
stabilizers for the prepared nanoparticles. In the current study, several peaks of
energy units were obtained when analyzing the preparation of active ingredient
acetamiprid nanoemulsion, preparation of commercial insecticide nanoemulsion,
and standard commercial insecticide.
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Transmission Electron Microscopy TEM: Transmission electron microscopy is,
without a doubt, one of the most essential techniques for characterizing
nanoparticles. TEM produces micrographs of nanoscale materials with a high
lateral spatial resolution by focusing an electron beam on a thin (usually less than
200 nm) sample 2>%, By eliminating picture distortion with aberration correctors,
current electron microscopes may attain resolutions as low as 0.05-0.1 nm,
resulting in high-resolution images with atomic resolution. 323 By spatially
restricting and concentrating the impinging beam and measuring the resulting
electron diffraction pattern, TEM may also analyze the crystalline structure of
specific tiny sections of crystalline materials 3* TEM allows for the analysis of
size, shape, and crystal structure at the single-particle level due to its great spatial
resolution and selectivity 3.

The TEM technique is frequently used to characterize nanoemulsions as a
supplemental tool for observing lipid particles directly and obtaining trustworthy
data about the system's shape 3. Tests were carried out for samples in the Faculty
of Biology, University of Tehran, Science Campus, Enghelab St., Tehran, Iran.

RESULTS

Table 1 summarizes the pH measurements of pesticide nanoemulsions, which
indicated that the pH ranged from 5.00 to 5.60 for all formulations. Insecticides
are more vulnerable to alkaline degradation than fungicides or plant growth
regulators. Furthermore, insecticides are the most vulnerable to alkaline
degradation or "high" pH solutions.

The results in Table 1 show that all nanoemulsions were less than 25mPas.Each
reading was collected after the sample had reached equilibrium for 2 minutes.
Nanoemulsions of (Commercial Insecticide Acetamiprid Nanoemulsion), (Active
ingredient acetamiprid Nanoemulsion), and (particles pesticide Acetamiprid) had
low viscosity values (7.10, 6.10, and 24.23mPa.s, respectively).

preparation Viscosity pH +
(mPa.s.)x

Commercial Insecticide Acetamiprid  7.10£0.11 4.63+0.02

Nanoemulsion.

Active ingredient Acetamiprid Nanoemulsion.  6.10+0.12 4.97+0.01

particles pesticide Acetamiprid. 24.23+0.19 5.01+£0.02

Table 1: Dynamic viscosity and pH of (Commercial Insecticide Acetamiprid Nanoemulsion) (Active in-

gredient acetamiprid nanoemulsion and pesticide Acetamiprid).

Particle Size Analysis DLS Fig 1 shows the DLS graph of *Active ingredient ac-
etamiprid nanoemulsion, with an average size of particles 278.0nm, While the
size of the nanoparticles prepared by * Commercial insecticide acetamiprid
nanoemulsion in Fig 2 DLS graph, which an average size of particles 300.6nm.,
The size of standard pesticide acetamiprid particles in Fig 3 DLS graph shows an
average size of particles of 730.3nm.

In the current study of infrared spectroscopy (FTIR), the result has several peaks
of energy units obtained when analyzing * Commercial insecticide acetamiprid
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nanoemulsion*Active ingredient acetamiprid nanoemulsion*pesticide acetam-
iprid. Also recorded values at 2179.01 1/cm, which represents the group aliphatic
isonitrile s; CN stretching vibrations, well as recording peaks for the region of
1648.00 1/cm, which represents isolated group w-m; C=C stretching vibration,
While the peak at 660.59 1/cm represents a Vinyl hydrocarbon compound w; C-
H wagging vibration. Spectroscopy (FTIR) has shown *Active ingredient Acet-
amiprid Nanoemulsion, shape 2 having peaked at 3360.89 1/cm, which represents
Imines group m; N-H stretching vibration (associated), Also recorded values at
2979.79 1/cm, which represents the group Ethers s-m; CH3 asym. Stretching vi-
bration, As well as recording peaks for the region of 1644.26 1/cm, which repre-
sents isolated group w-m; C=C stretching vibration, While the peak at 686.72
1/cm represents a group of Vinyl hydrocarbon compound w; C-H wagging vibra-
tion. As shown by spectroscopy analysis, * particles pesticide acetamiprid in Fig-
ure 3 have peaks at 2962.51 1/cm, representing Ethers group s-m; CH3 asym.
Stretching vibration, Also recorded values at 1662.66 1/cm, which represents the
isolated group w-m; C=C stretching vibration, As well as recording peaks for the
region of 1089.17 1/cm, which represents sat. Prim alcohol group s; C-O stretch-
ing vibration. Tests were carried out for samples in the Faculty of Biology, Uni-
versity of Tehran, Science Campus, Enghelab St., Tehran, Iran.
http://www.science-and-fun.de/tools/

The micrograph of three nanoemulsions Figure 4,5,6 shows that the droplets have
a spherical shape, typical of an oil-in-water nanoemulsion. According to TEM
analysis, the compositions' droplet diameters are nanometric in size.

The particle size of prepared nanoemulsions produced by Transmission Electron
Microscopy (TEM), Figure 7, showed droplet size values of (Commercial insec-
ticide acetamiprid nanoemulsion) with an average size of 61.5nm as well as re-
cording droplet size values of Figure 8 (Active ingredient acetamiprid nanoemul-
sion) which has an average size of particles of 94.66nm. As shown by the micro-
scope (particles pesticide acetamiprid) in Figure 9, the average size of particles is
84.3nm.

DISCUSSION

The optimal pH level should be between 5 and 7 7. However, the (particle pesti-
cide Acetamiprid) had the highest value (27.23 mPa.s). From these results, it can
be concluded that viscosity increased slightly in the low water-loading nanoemul-
sion %8, The size of emulsion droplets was estimated at an average of three meas-
urements and was shown as an average diameter in nanometers. (DLS) values in-
dicated a restricted size distribution providing good stability of nanoemulsions
3940 gSpectroscopic analysis has shown *Commercial insecticide acetamiprid
nanoemulsion, shape 1 Many peaks of energy units; it recorded peaks at 3366.53
1/cm, which represents the Imines group v; N-H stretching vibration (free) to the
spectroscopic values table (FTIR table)

While the peak at 657.52 1/cm represents a group of Vinyl hydrocarbon com-
pound w; C-H wagging vibration 4}, TEM analyses also confirmed that the drop-
let diameter of the formulations falls on a nanometric scale. The average size of a
drop of oil-in-waterer type nanoemulsions is typically between 20 and 200 nm “2.
Several authors verified the nanodroplet size measurements, reporting that the
microstructure and size distribution were produced with nanoemulsions contain-
ing specific pesticides 234322, Droplet size in nanoemulsions has been shown to
improve water delivery of insoluble compounds and active compounds “44. Un-
derstanding the physics of nanoemulsion generation is crucial for managing drop-
let volume . It should be mentioned that previous research 423 surface concen-
tration, type of oil, ultrasonic energy, time on drop diameter.
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Figure 3. DLS graph of Active ingredient acetamiprid nanoemulsion
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Figure 4. The micrograph of three nanoemulsions

Figure 5. The micrograph of three nanoemulsions

Figure 6. The micrograph of three nanoemulsions
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CONCLUSION

Oil-in-water (o/w) nanoemulsions containing different insecticides were prepared
by ultrasonic emulsification. The active ingredient, solvent, co-solvent as oil
phase, surfactant, and water as water phase were used. The conditions of ultra-
sonic emulsification were applied at a power of 10 kHz for 20 min and sonication
pulses of 9 cycle/s. The Particle Size Analysis (DLS), determination of the active
groups (FTIR), TEM, viscosity, and pH of the nanoemulsions were studied and
confirmed that the products were found in the nanometric range (20-200 nm).
Stable nanoemulsions are stable against degradation processes, such as interfer-
ence, deposition, flocculation, and cohesion. Regarding cost, manufacturing safe-
ty, transport, and usage, nanoemulsions containing pesticides offer more substan-
tial benefits than emulsifiable concentrations. These also aid in solubilizing lipo-
philic active substances by reducing organic solvents, widely used in agricultural
applications. Nanoemulsions used at the nanoscale will have a high level of pest
control effectiveness while posing no danger to the environment. Nanoemulsions
containing pesticides, on the other hand, may hold promise for the creation of
pesticide formulations, and further study is needed in this field. Future research
will focus on assessing the toxicity of these pesticide nanoemulsions against sev-
eral major agricultural pests, as well as comparing their efficacy to that of tradi-
tional and commercial formulations already in use.

References

1.

2.

3.

o N

10.

11.

12.

13.
14.

15.

E. Elsharkawy, “Nanotechnology Applications of Pesticide Formulations 1 MedDocs Publishers of
Creative Commons Attribution 4.0 I...,” 2020.

K. Gurpreet and S. K. Singh, “Review of nanoemulsion formulation and characterization techniques,”
Indian J. Pharm. Sci., 2018; 80(5): 781-789.

M. Kah, “Nanopesticides and nanofertilizers: emerging contaminants or opportunities for risk
mitigation?,” Front. Chem., 2015; 3, p. 64.

M. Kah, S. Beulke, K. Tiede, and T. Hofmann, “Nanopesticides: state of knowledge, environmental fate,
and exposure modeling,” Crit. Rev. Environ. Sci. Technol., 2013.

C. A. Damalas and I. G. Eleftherohorinos, “Pesticide exposure, safety issues, and risk assessment
indicators,” Int. J. Environ. Res. Public Health, 2011;8 (5), pp. 1402-1419.

M. Sarwar, “The dangers of pesticides associated with public health and preventing risks,” Int. J.
Bioinforma. Biomed. Eng., 2015;1(2): 130-136.

M. A. Ali et al., “Nanotechnology, a new frontier in Agriculture,” Adv Life Sci, 2014; 1(3): 129-138.

S. Pandey, K. Giri, R. Kumar, G. Mishra, and R. R. Rishi, “Nanopesticides: opportunities in crop
protection and associated environmental risks,” Proc. Natl. Acad. Sci. India Sect. B Biol. Sci., 2018;
88(4):1287-1308.

L. R. Khot, S. Sankaran, J. M. Maja, R. Ehsani, and E. W. Schuster, “Applications of nanomaterials in
agricultural production and crop protection: a review,” Crop Prot., 2012; 35: 64—70.

D. G. Panpatte, Y. K. Jhala, H. N. Shelat, and R. V Vyas, “Nanoparticles: the next generation technology
for sustainable agriculture,” in Microbial inoculants in sustainable agricultural productivity, Springer,
2016, pp. 289-300.

M. Jaworska, E. Sikora, M. Zielina, and J. Ogonowski, "Studies on the formation of O/W nanoemulsions,
by low-energy emulsification method, suitable for cosmeceutical applications.,” Acta Biochim. Pol.,
2013; 60(4).

K. H. Persson, I. A. Blute, I. C. Mira, and J. Gustafsson, "Creation of well-defined particle-stabilized
oil-in-water nanoemulsions,” Colloids Surfaces A Physicochem. Eng. Asp., 2014, 459, 48-57..

P. Thiagarajan, “Nanoemulsions for drug delivery through different routes,” Res. Biotechnol., 2011.

T. G. Mason, S. M. Graves, J. N. Wilking, and M. Y. Lin, “Extreme emulsification: formation and
structure of nanoemulsions,” Condens. Matter Phys., 2006.

R. P. Patel and J. R. Joshi, “An overview on nanoemulsion: a novel approach,” Int. J. Pharm. Sci. Res.,
2012; 3(12): 4640.



Bionatura  http://dx.doi.org/10.21931/RB/CSS/2023.08.01.12 11

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

M. Y. Koroleva and E. V. Yurtov, "Nanoemulsions: the properties, methods of preparation and promising
applications,” Russ. Chem. Rev., 2012; 81(1): p. 21.

Y. Chang and D. J. McClements, “Optimization of orange oil nanoemulsion formation by isothermal
low-energy methods: influence of the oil phase, surfactant, and temperature,” J. Agric. Food Chem., 2014;
62(10): 2306-2312.

V. Ghosh, A. Mukherjee, and N. Chandrasekaran, “Ultrasonic emulsification of food-grade nanoemulsion
formulation and evaluation of its bactericidal activity,” Ultrason. Sonochem., 2013; 20(1): 338-344.

S. Manchun, C. R. Dass, and P. Sriamornsak, “Designing nanoemulsion templates for fabrication of
dextrin nanoparticles via emulsion cross-linking technique,” Carbohydr. Polym., 2014; 101: 650-655.
R. S. EI-Mohamedy, N. G. El-Gamal, and A. R. T. Bakeer, “Application of chitosan and essential oils as
alternatives fungicides to control green and blue molds of citrus fruits,” Int. J. Curr. Microbiol. Appl. Sci,
2015; 4: 629-643.

A. Knowles, “Recent developments of safer formulations of agrochemicals,” Environmentalist, 2008;
28(1):35-44.

S. Sugumar, S. K. Clarke, M. J. Nirmala, B. K. Tyagi, A. Mukherjee, and N. Chandrasekaran,
“Nanoemulsion of eucalyptus oil and its larvicidal activity against Culex quinquefasciatus,” Bull.
Entomol. Res., 2014; 104(3): 393-402.

M. E. I. Badawy, A.-F. S. A. Saad, E.-S. H. M. Tayeb, S. A. Mohammed, and A. D. Abd-Elnabi,
“Development and Characterization of Nanoemulsions of Some Insecticides By High Energy Technique
for Targeting Delivery,” J. Agric. Res, 2019; 57(1): 15-23.

H. K. Drais and A. A. Hussein, “Formulation and characterization of carvedilol nanoemulsion oral liquid
dosage form,” Int J Pharm Pharm Sci, 2015; 7(12): 209-216.

C. B. de Mattos et al., "Nanoemulsions containing a synthetic chalcone as an alternative for treating
cutaneous leishmaniasis: optimization using a full factorial design,” Int. J. Nanomedicine, 2015; 10: 5529.
M. Silvander, A. Hellstrom, T. Warnheim, and P. Claesson, “Rheological properties of
phospholipid-stabilized parenteral oil-in-water emulsions—effects of electrolyte concentration and
presence of heparin,” Int. J. Pharm., 2003; 252, no. 1-2, pp. 123-132.

Dynamic Light Scattering Particle Size Distribution Analysis.”
https://www.horiba.com/en_en/en-en/technology/measurement-and-control-techniques/material-charact
erization/dynamic-light-scattering/ accessed Sep. 29, 2021.

A. M. Silva et al., “In vitro cytotoxicity of oleanolic/ursolic acids-loaded in PLGA nanoparticles in
different cell lines,” Pharmaceutics, 2019; 11(8): 362.

C. Carbone et al., “Repurposing itraconazole to the benefit of skin cancer treatment: A combined
azole-DDAB nanoencapsulation strategy,” Colloids Surfaces B Biointerfaces, 2018; 167: 337-344.

D. B. Williams and C. B. Carter, “Inelastic Scattering and Beam Damage,” in Transmission electron
microscopy, Springer, 2009, pp. 53-71.

A. Surrey, D. Pohl, L. Schultz, and B. Rellinghaus, “Quantitative measurement of the surface
self-diffusion on Au nanoparticles by aberration-corrected transmission electron microscopy,” Nano
Lett., 2012; 12(12): 6071-6077.

M. A. O’keefe and Y. Shao-Horn, “Sub-Angstrom atomic-resolution imaging from heavy atoms to light
atoms,” Microsc. Microanal., 2004; 10(1): 86-95.

R. Ramachandramoorthy, R. Bernal, and H. D. Espinosa, “Pushing the envelope of in situ transmission
electron microscopy,” ACS Nano, 2015; 9(5): 4675-4685.

Z. Liu, R. Yu, Y. Dong, W. Li, and W. Zhou, “Preparation of a-Fe 2 O 3 hollow spheres, nanotubes,
nanoplates and nanorings as highly efficient Cr (vi) adsorbents,” RSC Adv., 2016; 6(86): 82854—82861.
L. Toro, M. Li, Z. Zhang, H. Singh, Y. Wu, and E. Stefani, "MaxiK channel and cell signaling," Pfligers
Arch. J. Physiol., 2014; 466(5): 875-886.

V. Klang, N. B. Matsko, C. Valenta, and F. Hofer, “Electron microscopy of nanoemulsions: an essential
tool for characterization and stability assessment,” Micron, vol. 43, no. 2-3, pp. 85-103, 2012.

R. A. Cloyd, “Effect of water and spray solution pH on pesticide activity,” MF (Kansas State Univ. Agric.
Exp. Stn. Coop. Ext. Serv. 3272, 2015.

M. Chiesa, J. Garg, Y. T. Kang, and G. Chen, “Thermal conductivity and viscosity of water-in-oil
nanoemulsions,” Colloids Surfaces A Physicochem. Eng. Asp., 2008; 326(1-2): 6772,



Bionatura  http://dx.doi.org/10.21931/RB/CSS/2023.08.01.12 12

39

40.

41.

42.

43.

44,

45.

46.

H. Sobhani, P. Tarighi, S. N. Ostad, A. Shafaati, N. Nafissi-Varcheh, and R. Aboofazeli, “Formulation
development and toxicity assessment of triacetin mediated nanoemulsions as novel delivery systems for
rapamycin,” Iran. J. Pharm. Res. 1JPR, 2015;14: Suppl, p. 3.

R. Suetal., "Formulation, development, and optimization of a novel octyl dodecanol-based nanoemulsion
for transdermal delivery of ceramide IIIB,” Int. J. Nanomedicine, 2017; 12: 5203.

G. Socrates, Infrared and Raman characteristic group frequencies: tables and charts. John Wiley & Sons,
2004.

N. Sadurni, C. Solans, N. Azemar, and M. J. Garcia-Celma, “Studies on the formation of O/W
nanoemulsions, by low-energy emulsification methods, suitable for pharmaceutical applications,” Eur. J.
Pharm. Sci., 2005; 26(5): 438-445.

Z. Du, C. Wang, X. Tai, G. Wang, and X. Liu, “Optimization and characterization of biocompatible
oil-in-water nanoemulsion for pesticide delivery,” ACS Sustain. Chem. Eng., 2016; 4(3): 983-991.

M. Pant, S. Dubey, P. K. Patanjali, S. N. Naik, and S. Sharma, “Insecticidal activity of eucalyptus oil
nanoemulsion with karanja and jatropha aqueous filtrates,” Int. Biodeterior. Biodegradation, 2014; 91:
119-127.

A. Gupta, H. B. Eral, T. A. Hatton, and P. S. Doyle, “Nanoemulsions: formation, properties and
applications,” Soft Matter, 2016; 12(11): 2826-2841.

D. H. Oh, P. Balakrishnan, Y.-K. Oh, D.-D. Kim, C. S. Yong, and H.-G. Choi, “Effect of process
parameters on nanoemulsion droplet size and distribution in SPG membrane emulsification,” Int. J.
Pharm., 2011; 404(1-2): 191-197.

Received: 26 September 2022 / Accepted: 15 October 2022 / Published:15 February 2023

Citation: Isawi, M.; Dolzhenko, T. Synthesis and characterization of acetamiprid nanoemulsion by
high-energy methods. Revis Bionatura 2023;8 (1) 12. http://dx.doi.org/10.21931/RB/CSS/2023.08.01.12



