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Abstract

A new unique and novel formulation was developed using microporous and mesoporous zeolites 4A, loaded with methyl
eugenol (ME) and in combination with the ME loaded and pH adjusted carbopol 940 aqueous gel. The developed formulation
with the entrapped ME in the organo-inorganic matrices resulted in slow and sustained release of ME at constant rate for 56
days when deployed in the agriculture fields. The formulation can be effectively used for monitoring, mass trapping and
controlling of fruit fly pest. Molecular sieves in the inorganic matrix of zeolites 4A helps in the sorption of the pheromones
and exhibits the synergic sustained release effect, when combined with the pH stabilized ME loaded carbopol 940 gel. By
adjusting the pH of the matrix system, an average sustained release of 33.33+0.06 mg of ME per day was achieved
continuously for 56 days, by a loading dose 2gms of ME into the zeolite 4A dispersed carbopol 940 gel; angstrom void

polymer (AVP) gel matrix formulation (patent applied).
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Introduction

Pest control in the agricultural fields is big challenge in the
present days. Irrational and unscientific usage of pesticides,
impact of industrialization and its effect to name few,
deforestation, greenhouse effect, pollution due to increased
human activities, increase in earth’s surface temperature,
glacier meltdown at poles, and increase in sea levels, all
these turbulence in the nature has caused the harsh
resistance development in the pests. Another surprising fact
is that some of the pests are also resistant to even genetically
modified crops posing the bigger challenges to the scientific
community, whose efforts are in vain to contain these pests.
These stubborn pests are posing a bigger challenge for the
cultivation process bringing enormous loss to the farmers.
Need of the hour is to develop safe and effective methods to
control these intractable pests.

Thus, there is a need for the development of pheromone-
based pest control methods to contain these pests without
harming the nature. While developing the pheromone-based
products to address the pests, another bigger challenge to
the scientific community is to develop a pheromone
dispersion system that woks effectively in the open
agricultural fields. These dispersion systems should work
effectively for longer duration of time even under the
unpredictable weather conditions including variations in
wind flow, temperatures, and humidity and allow the release
of pheromones from the formulation into the surroundings
at a constant rate.

Evaluating the need for the effective pheromone dispersion
system, we have developed a new unique and novel
formulation by amalgamating the specifically selected
inorganic zeolites 4A matrix with the organic pH stabilised
carbopol 940 gel (AVP gel matrix; patent applied). The
newly developed organo-inorganic matrix formulation
demonstrated slow, sustained, and constant release of ME
into the atmosphere for a prolonged time. Sustained release

capacity of the pheromone charged zeolites 4A dispersed in
pheromone charged carbopol 940 gel can be altered and
adjusted by modulating the pH and the addition of moisture
retaining agents to the matrix.

The unique property of the zeolites with variable properties
such as unique framework based on Si/Al ratio, pore
dimension and the presence and absence of Lewis acid [
sites are explored to control the sorption of organic
pheromone molecules in their cages [ €, facilitating the
inward and outward movement of molecules under the
influence of pH of the surrounding system -2,

Since the change in pH alters the inductive and electromeric
effects of organic polymer of the carbopol 940 gel, altering
this weak attraction forces between the ME molecules with
organic polymer carbopol 940 gel, influences the slow
release of ME to the surrounding air. Also, pH influences
the altering of Lewis acid base interaction of zeolites [
with the methyl eugenol. Molecular sieves of the zeolite 4A
act as release control for the pheromones to migrate from
these molecular sieves to the surrounding gel base. Thus, pH
influenced interaction of organic ME molecules with the
inorganic zeolites 4A and organic carbopol 940 gel plays an
important role in the sustained release effect of the matrix.
Water absorption capacity of the carbopol 940 gel, its water
retention capacity was found to influence by the pH of gel
and molecular structure of the polymer (13251,

It was observed that, sustained release of ME molecules into
the surrounding air from the matrices was influenced by the
ME sorbed in the porous framework of cavities and
channels present in the selected zeolites 4A and pH
stabilised carbopol 940 gel. The ionic interaction of the
inorganic zeolite 4A matrix and the carboxyl groups present
in the polymerised acrylic acid groups in carbopol 940 gel
with the organic ME play an important role for the sustained
release effect.
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Materials and method

Active pheromone ingredient (API), ME of 95% - 98%
purity, was procured from in-house Advanced Pheromone
development (APD) dept., Barrix Agro Sciences, Molsieve-
13X, Molecular Sieve Zeolites of 2-4mm (Zeolites 4A), the
specific variant was obtained from Gujarat Multi Gas Base
Chemicals Pvt. Ltd., carbopol 940 was purchased from s d
fine-chem limited. All the other chemicals and reagents used
in the formulation development and its evaluation were of
analytical grade.

Experiment

After initial assessment of all the available forms of zeolites,
Zeolites 4A pellets were chosen considering the pellets size,
Al/Si ratio, pore dimensions and its framework. Zeolites 4A
were activated, by dry heating the zeolites 4A at 150°C for
half hour in temperature regulated hot air oven.

ME gels were made in accordance with the formula in table
1.

www.allsciencejournal.com

STEP 1: Stabilized ME formulation was added to activated
Zeolite 4A, and allowed for complete sorption, ensuring the
incorporation of ME into the molecular sieves of the Zeolite
4A.

STEP 2: Alkaline purified water (made alkaline with
potassium citrate) was slowly incorporated into the
polyacrylate 940 (carbopol 940) with continuous stirring
and allowed to swell, after gelation the gel is stabilized by
the addition of antimicrobial agent, antioxidant and photo
stabilizer. Later moisture retaining agent was added with
continuous stirring to ensure uniform mixing and finally the
pheromone ME was slowly incorporated into the gel.

STEP 3: Pheromone charged Zeolites 4A was slowly and
uniformly dispersed into the pheromone charged carbopol
940 Gel. Desired pH of the matrix was adjusted using
organic acids or organic bases, thus forming ME charged
Angstrom void polymer (AVP) gel matrix.

Table 1: Composition of formulations of zeolites 4A dispersed carbopol 940 gel; angstrom void polymer (AVP) gel matrix.

Ingredients Rolein F1 F2 F3 F4 F5
formulation
Active
Methyl Eugenol Pheromone 0.5 0.75 1 0.5 0.75
ingredient
Pheromone- In-organic 052 | 0752 | 12 | 052 | 0752
Zeolite ratio Matrix
Pheromone-dry Oreanic
Carbopol-940 g‘ 0.5:2 0.75:2 1:2 0.5:2 0.75:2
. Gelling agent
ratio
Pheromone- Oreanic gel
Carbopol-940 gel | ! agtrix 8 0.5:100 | 0.75:100 | 1:100 | 0.5:100 | 0.75:100
ratio
Glycerol Moisture 1 3 5
Retaining
Propylene glycol agent 1 3
oH Release rate 4.5 5.5 6.5 4.5 5.5
modifier
Zeolite-dry S(:n;:;:ii(;n_
Carbopol-940 & . 1:1 1:1 1:1 1:1 1:1
. organic dry
ratio .
Matrix
Combined in-
Zeolite-Carbopol- | organicand |, 100 | 5400 | 2:100 | 2:100 | 2:100
940 gel ratio organic gel
Matrix
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Fig 1: Methyl Eugenol release rates in various fformulations of M

E loaded zeolites dispersed in ME loaded carbopol 940 Gel.
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Fig 2: Controlled, sustained and constant release rate of methyl eugenol by zeolites 4A dispersed carbopol gel matrix [AVP) gel matrix] - F3
fformulation.

Results and discussion

The organo-inorganic matrix interactions influencing the
inorganic zeolite 4A matrix and the carboxyl group
terminals present in the selected carbopol 940 gel, changes
in the weak induced dipole moment, i.e., ionisation of the
carboxylic groups in the acrylic acid units of the carbopol
940, resulting in variable ionic attraction of organic ME
molecules play an important role for the sustained release
effect.

As the pH of the designed formulation changes from more
acidic to less acidic pH the ME molecules were held
strongly in the organic carbopol 940 matrix. Gel formation
influenced by the pH of the surrounding medium, which in
turn influences the uncoiling of the acrylic polymer and
increases the water retention and gelling capacity of the
carbopol 940. When the surface ME molecules from the
carbopol 940 gel were dispersed into the flowing air,
diffusion of ME from the zeolites 4A into the gel was
observed in order to sustain induced dipole movement
changes or ionic changes in the organo-inorganic matrix by
pH of the surrounding medium and the presence of glycerol.
When ME was loaded into the zeolites 4A at a ratio of 1:2,
prolonged and sustained release of ME was observed. By
adjusting the pH of the matrix system to 6.5 and modulating
the humectant glycerol content in a ratio of 5:100, the

resultant gel exhibited a good prolonged and sustained
release effect, it was observed that slow and sustained
release of ME for a period of 56days effectively in the
newly developed organo-inorganic gel matrix (AVP gel
matrix). As glycerine modulates the solubility of the
carbopol 940 by increased unwinding of the acrylic
polymer, there by influencing the interaction of ME with the
dipole induced acidic groups of the acrylic acid units of the
carbopol 940 polymer. The newly developed formulation
exhibited effective release an average 33.33+0.06 mg of ME
per day constantly for 56 days, making the zeolite 4A
dispersed carbopol 940 gel; angstrom void polymer (AVP)
gel matrix formulation (patent applied), a novel formulation.

Conclusions

The present experimental results, it was concluded that by
amalgamating the pH modulated organic matrix carbopol
940 gel with inorganic zeolites 4A, a unique and novel
angstrom void polymer (AVP) gel matrix was obtained, and
it was also established that, this pH modulated organo-
inorganic matrix formulation demonstrates slow, sustained,
and extended release of methyl eugenol in field studies.
Sustained and extended-release effect of the matrix depends
on the pH of the organic gel, moisture retaining agent used
and chemical nature of the pheromone. This pH induced
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changes in the dipole interactions affects the weak attraction
forces between the gel and the pheromone. The pH
surrounding the zeolites 4A also affects the in and out
movement of pheromone molecules in the 3d molecular
sieves of the zeolites 4A. Numerous pheromones can be
charged into the variable pH modulated AVP gel matrix to
attain slow, sustained, and extended release of pheromones
in the open-air fields for crop protection.

Acknowledgement

Authors sincerely thank Shri. Lokesh Makam, CEO and
management of M/s. Barrix Agro sciences pvt Itd for
creating and providing us all the necessary facilities to
carryout research activities.

References

1. Baerlocher, Christian, Lynne B. McCusker, and David
H. Olson. Pnma. Atlas of zeolite framework
types, 2007, 212-213.

2. Minerals Yearbook, Metals and Minerals: Zeolites,
Volume I, 2008, 1-83.

3. Libau F. Structural Chemistry of Silicates, Springer-
Verlag, Berlin, 1985.

4. Conradsson T, Dadachov MS, Zou XD. Synthesis and
structure determination of a high-porosity thermal
stable germanate with a novel zeotype and 3D
interconnected 12 membered ring channels. Micro-&
Mesoporous Mater,2000:41:183.

5. Zou, Xiaodong, Tony Conradsson, Miia Klingstedt,
Mike S Dadachov, Michael O'Keeffe. A mesoporous
germanium oxide with crystalline pore walls and its
chiral derivative. Nature 437, no. 7059, 2005, 716-719.

6. Bu, Xianhui, Pingyun Feng, and Galen D. Stucky.
Novel germanate zeolite structures with 3-
rings. Journal  of the  American  Chemical
Society,1998:120(43):11204-11205.

7. Li  Yafeng, Xiaodong Zou. SU-16: A
Three-Dimensional Open-Framework Borogermanate
with a Novel Zeolite Topology. Angewandte Chemie
International Edition,2005:44(13):2012-2015.

8. Sun Junliang, Charlotte Bonneau Angel Cantin,
Avelino Corma, Maria J, Diaz-Cabanas, Manuel
Moliner, et al. The ITQ-37 mesoporous chiral zeolite.
Nature 458,2009:7242:1154-1157.

9. Corma A, Zeolite microporous solids: synthesis,
structure and reactivity, ed. E. Derouane, F. Lemos, C.
Naccache and F.Ribeiro, Kluwer, vol. 352,1992, 373.

10. Balkus KJ, Gabrielov AG. in Inclusion chemistry with
zeolites: nanoscale materials by design, Springer,
1995, 159-184.

11. Bhatia, Subhash. Zeolite catalysts: principles and
applications. CRC press, 2020.

12. CBC Co, Ltd., Bulletin. Polymer for Pharmaceutical
Application, CBC Co., Ltd. 1999.

13. Taylor NW, Bagley EB. Tailoring closely packed gel-
particle systems for use as thickening agents. Journal
of Applied Polymer Science,1977:21(1):113-122.

14. Taylor NW, Bagley EB. Rheology of dispersions of
swollen gel particles. Journal of Polymer Science:
Polymer Physics Edition,1975:13(6):1133-1144.

15. Nae HN, Reichert WW. Rheological properties of
lightly crosslinked carboxy copolymers in aqueous
solutions. Rheologica acta,1992:31:351-360.

www.allsciencejournal.com

14



