
See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/50868954

Release kinetics of β-Cyfluthrin from its encapsulated formulations in water

Article  in  Journal of Environmental Science and Health Part B Pesticides Food Contaminants and Agricultural Wastes · April 2011

DOI: 10.1080/03601234.2011.540200 · Source: PubMed

CITATIONS

65
READS

194

6 authors, including:

Some of the authors of this publication are also working on these related projects:

General aspects of pesticides View project

Determination of Pesticide residue View project

Kumelachew Mulu Loha

Vrije Universiteit Amsterdam

8 PUBLICATIONS   229 CITATIONS   

SEE PROFILE

Najam A Shakil

Indian Agricultural Research Institute

97 PUBLICATIONS   1,705 CITATIONS   

SEE PROFILE

Jitendra Kumar

Indian Council of Agricultural Research

272 PUBLICATIONS   2,974 CITATIONS   

SEE PROFILE

Totan Adak

Central Rice Research Institute

170 PUBLICATIONS   1,481 CITATIONS   

SEE PROFILE

All content following this page was uploaded by Jitendra Kumar on 09 October 2014.

The user has requested enhancement of the downloaded file.

https://www.researchgate.net/publication/50868954_Release_kinetics_of_b-Cyfluthrin_from_its_encapsulated_formulations_in_water?enrichId=rgreq-e4a1fb69b40e2d8917101217cb106fb3-XXX&enrichSource=Y292ZXJQYWdlOzUwODY4OTU0O0FTOjE1MDMyMzQ5MDQ2Mzc0NEAxNDEyODUxMzIxMjM0&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/50868954_Release_kinetics_of_b-Cyfluthrin_from_its_encapsulated_formulations_in_water?enrichId=rgreq-e4a1fb69b40e2d8917101217cb106fb3-XXX&enrichSource=Y292ZXJQYWdlOzUwODY4OTU0O0FTOjE1MDMyMzQ5MDQ2Mzc0NEAxNDEyODUxMzIxMjM0&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/General-aspects-of-pesticides?enrichId=rgreq-e4a1fb69b40e2d8917101217cb106fb3-XXX&enrichSource=Y292ZXJQYWdlOzUwODY4OTU0O0FTOjE1MDMyMzQ5MDQ2Mzc0NEAxNDEyODUxMzIxMjM0&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Determination-of-Pesticide-residue?enrichId=rgreq-e4a1fb69b40e2d8917101217cb106fb3-XXX&enrichSource=Y292ZXJQYWdlOzUwODY4OTU0O0FTOjE1MDMyMzQ5MDQ2Mzc0NEAxNDEyODUxMzIxMjM0&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-e4a1fb69b40e2d8917101217cb106fb3-XXX&enrichSource=Y292ZXJQYWdlOzUwODY4OTU0O0FTOjE1MDMyMzQ5MDQ2Mzc0NEAxNDEyODUxMzIxMjM0&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Kumelachew-Loha?enrichId=rgreq-e4a1fb69b40e2d8917101217cb106fb3-XXX&enrichSource=Y292ZXJQYWdlOzUwODY4OTU0O0FTOjE1MDMyMzQ5MDQ2Mzc0NEAxNDEyODUxMzIxMjM0&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Kumelachew-Loha?enrichId=rgreq-e4a1fb69b40e2d8917101217cb106fb3-XXX&enrichSource=Y292ZXJQYWdlOzUwODY4OTU0O0FTOjE1MDMyMzQ5MDQ2Mzc0NEAxNDEyODUxMzIxMjM0&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Vrije-Universiteit-Amsterdam?enrichId=rgreq-e4a1fb69b40e2d8917101217cb106fb3-XXX&enrichSource=Y292ZXJQYWdlOzUwODY4OTU0O0FTOjE1MDMyMzQ5MDQ2Mzc0NEAxNDEyODUxMzIxMjM0&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Kumelachew-Loha?enrichId=rgreq-e4a1fb69b40e2d8917101217cb106fb3-XXX&enrichSource=Y292ZXJQYWdlOzUwODY4OTU0O0FTOjE1MDMyMzQ5MDQ2Mzc0NEAxNDEyODUxMzIxMjM0&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Najam-Shakil?enrichId=rgreq-e4a1fb69b40e2d8917101217cb106fb3-XXX&enrichSource=Y292ZXJQYWdlOzUwODY4OTU0O0FTOjE1MDMyMzQ5MDQ2Mzc0NEAxNDEyODUxMzIxMjM0&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Najam-Shakil?enrichId=rgreq-e4a1fb69b40e2d8917101217cb106fb3-XXX&enrichSource=Y292ZXJQYWdlOzUwODY4OTU0O0FTOjE1MDMyMzQ5MDQ2Mzc0NEAxNDEyODUxMzIxMjM0&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Indian-Agricultural-Research-Institute?enrichId=rgreq-e4a1fb69b40e2d8917101217cb106fb3-XXX&enrichSource=Y292ZXJQYWdlOzUwODY4OTU0O0FTOjE1MDMyMzQ5MDQ2Mzc0NEAxNDEyODUxMzIxMjM0&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Najam-Shakil?enrichId=rgreq-e4a1fb69b40e2d8917101217cb106fb3-XXX&enrichSource=Y292ZXJQYWdlOzUwODY4OTU0O0FTOjE1MDMyMzQ5MDQ2Mzc0NEAxNDEyODUxMzIxMjM0&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Jitendra-Kumar-61?enrichId=rgreq-e4a1fb69b40e2d8917101217cb106fb3-XXX&enrichSource=Y292ZXJQYWdlOzUwODY4OTU0O0FTOjE1MDMyMzQ5MDQ2Mzc0NEAxNDEyODUxMzIxMjM0&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Jitendra-Kumar-61?enrichId=rgreq-e4a1fb69b40e2d8917101217cb106fb3-XXX&enrichSource=Y292ZXJQYWdlOzUwODY4OTU0O0FTOjE1MDMyMzQ5MDQ2Mzc0NEAxNDEyODUxMzIxMjM0&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Indian_Council_of_Agricultural_Research?enrichId=rgreq-e4a1fb69b40e2d8917101217cb106fb3-XXX&enrichSource=Y292ZXJQYWdlOzUwODY4OTU0O0FTOjE1MDMyMzQ5MDQ2Mzc0NEAxNDEyODUxMzIxMjM0&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Jitendra-Kumar-61?enrichId=rgreq-e4a1fb69b40e2d8917101217cb106fb3-XXX&enrichSource=Y292ZXJQYWdlOzUwODY4OTU0O0FTOjE1MDMyMzQ5MDQ2Mzc0NEAxNDEyODUxMzIxMjM0&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Totan-Adak?enrichId=rgreq-e4a1fb69b40e2d8917101217cb106fb3-XXX&enrichSource=Y292ZXJQYWdlOzUwODY4OTU0O0FTOjE1MDMyMzQ5MDQ2Mzc0NEAxNDEyODUxMzIxMjM0&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Totan-Adak?enrichId=rgreq-e4a1fb69b40e2d8917101217cb106fb3-XXX&enrichSource=Y292ZXJQYWdlOzUwODY4OTU0O0FTOjE1MDMyMzQ5MDQ2Mzc0NEAxNDEyODUxMzIxMjM0&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Central-Rice-Research-Institute?enrichId=rgreq-e4a1fb69b40e2d8917101217cb106fb3-XXX&enrichSource=Y292ZXJQYWdlOzUwODY4OTU0O0FTOjE1MDMyMzQ5MDQ2Mzc0NEAxNDEyODUxMzIxMjM0&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Totan-Adak?enrichId=rgreq-e4a1fb69b40e2d8917101217cb106fb3-XXX&enrichSource=Y292ZXJQYWdlOzUwODY4OTU0O0FTOjE1MDMyMzQ5MDQ2Mzc0NEAxNDEyODUxMzIxMjM0&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Jitendra-Kumar-61?enrichId=rgreq-e4a1fb69b40e2d8917101217cb106fb3-XXX&enrichSource=Y292ZXJQYWdlOzUwODY4OTU0O0FTOjE1MDMyMzQ5MDQ2Mzc0NEAxNDEyODUxMzIxMjM0&el=1_x_10&_esc=publicationCoverPdf


This article was downloaded by: [Jitendra Kumar]
On: 01 August 2011, At: 21:51
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House,
37-41 Mortimer Street, London W1T 3JH, UK

Journal of Environmental Science and Health, Part B
Publication details, including instructions for authors and subscription information:
http://www.tandfonline.com/loi/lesb20

Release kinetics of β-Cyfluthrin from its encapsulated
formulations in water
Kumelachew M. Loha a , Najam A. Shakil a , Jitendra Kumar a , Manish K. Singh a , Totan Adak
a & Suresh Jain b
a Division of Agricultural Chemicals, Indian Agricultural Research Institute, New Delhi, India
b The Energy and Resources Institute, New Delhi, India

Available online: 24 Mar 2011

To cite this article: Kumelachew M. Loha, Najam A. Shakil, Jitendra Kumar, Manish K. Singh, Totan Adak & Suresh Jain (2011):
Release kinetics of β-Cyfluthrin from its encapsulated formulations in water, Journal of Environmental Science and Health,
Part B, 46:3, 201-206

To link to this article:  http://dx.doi.org/10.1080/03601234.2011.540200

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-conditions

This article may be used for research, teaching and private study purposes. Any substantial or systematic
reproduction, re-distribution, re-selling, loan, sub-licensing, systematic supply or distribution in any form to
anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses should
be independently verified with primary sources. The publisher shall not be liable for any loss, actions, claims,
proceedings, demand or costs or damages whatsoever or howsoever caused arising directly or indirectly in
connection with or arising out of the use of this material.

http://www.tandfonline.com/loi/lesb20
http://dx.doi.org/10.1080/03601234.2011.540200
http://www.tandfonline.com/page/terms-and-conditions


Journal of Environmental Science and Health Part B (2011) 46, 201–206
Copyright C© Taylor & Francis Group, LLC
ISSN: 0360-1234 (Print); 1532-4109 (Online)
DOI: 10.1080/03601234.2011.540200

Release kinetics of β-Cyfluthrin from its encapsulated
formulations in water

KUMELACHEW M. LOHA1, NAJAM A. SHAKIL1, JITENDRA KUMAR1, MANISH K. SINGH1,
TOTAN ADAK1 and SURESH JAIN2

1Division of Agricultural Chemicals, Indian Agricultural Research Institute, New Delhi, India
2The Energy and Resources Institute, New Delhi, India

Controlled release formulations of β-cyfluthrin, a non-systemic, broad spectrum contact insecticide, have been prepared using
laboratory synthesized poly(ethylene glycol) (PEG) based amphiphilic copolymers. Copolymers of polyethylene glycols of different
molecular weights and various dimethyl esters, viz. dimethyl isophthalate, which self assemble into nano micellar aggregates in
aqueous media, have been synthesized. The kinetics of β-cyfluthrin from developed controlled release (CR) formulations were
studied in comparison with that of the commercially available 025 SC. Release from the commercial formulation was faster than
with the developed CR formulations. The rate of release of encapsulated β-cyfluthrin from nano micellar aggregates is reduced by
increasing the molecular weight of PEG. The diffusion exponent (n value) of β-cyfluthrin in water ranged from 0.427 to 0.622 in
the tested formulations. The release was diffusion controlled with a half-release time (t1/2) of 3.92 to 7.9 days in water from different
formulations, and the period of optimum availability (POA) of β-cyfluthrin ranged from 1.4 to 20.5 days. The results suggest that the
application rate of β-cyfluthrin can be optimized to achieve insect control at the desired level and period.

Keywords: Controlled release; β-Cyfluthrin; half-release; polyethylene glycol (PEG).

Introduction

The synthesis and self assembly of copolymers derived from
PEGs and diester and their use in drug delivery systems
capable of encapsulating both hydrophilic and hydropho-
bic drugs have been reported.[1−6] This approach is based
on the formation of nano-micelles by the self-assembly
of amphiphilic copolymers in aqueous media. The am-
phiphilic polymers used in the self-assembly are based on
poly(ethylene glycol) and various diesters, synthesized by
chemical and enzymatic methods.

Controlled Release (CR) formulation products control
the pest efficiently through utilization of reduced quan-
tity of toxicant, reduced toxicity to non-target organism,
reduced leaching and extended residual activity.[7] The fun-
damental properties of CR formulations such as interaction
of pest and pesticide, pesticide mobility kinetics, optimiza-
tion of quantities for bioactivity, ease of handling, cost
economics, safety and environment impacts related issues,

Address correspondence to Najam A. Shakil, Division of Agri-
cultural Chemicals, Indian Agricultural Research Institute, New
Delhi, India; E-mail: iamshakil@gmail.com
Received August 12, 2010.

and to improve the overall effectiveness of the pesticide
have been reported.[8] Controlled release formulation is de-
fined as a combination of a biologically active agent and a
polymer arranged to allow the delivery of the agent to the
target at controlled rates over a specified period.[9]

Controlled active ingredient release (CR) technology has
been accepted globally as a potent and environmentally be-
nign tool for combating pest. The regulated release of the
plant protection chemical not only combats the pest and re-
lated biotic stress but also protects the environment through
an economic, efficient and safe delivery of the xenobiotics.
Besides, it mitigates the problem of phytotoxicity and active
ingredient (a.i.) wastage due to environmental degradation,
leaching etc. and enables convenient handling and distribu-
tion and an extended release period of the chemical. Due
to various advantages, numerous examples are available in
literature wherein such products have been effectively em-
ployed to combat the pests.[10−18]

There have been reports in literature where commer-
cially available polymers have been utilized for the de-
velopment of controlled release formulations of different
pesticides.[16−20] However, there is very little information[21]

where amphiphilic nanopolymers have been used for the
development of controlled release formulations. In the
present study, we have extended the work to test the release
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202 Loha et al.

of β-Cyfluthrin (α-cyano-4-fluoro-3-phenoxybenzyl 3-(2,2-
dichlorovinyl)-2,2=dimethylcyclopropanecarboxylate ) in
water from its controlled release formulations.

Experimental

Materials

Poly(ethyleneglycols) of different molecular weights viz.
600, 1000, 1500 and 2000 were procured from Sigma
Aldrich, India. Dimethyl isophthalate (Mol.Wt. = 194.19
gm, purity, 99 %), Conc. H2SO4(98 %), Silicon oil, a hot
plate stirrer equipped with temperature controller and vac-
uum pump for removal of methanol were also used for
synthesis of these amphiphlic nanopolymers. All the sol-
vents used were of analytical grade. β-Cyfluthrin (Technical
grade) was obtained from the manufacturer. A Lyophilizer,
deep freezer, wrist action shaker and vacuum pump were
used for the encapsulation process.

General method of polymerization

The monomers, Dimethyl isophthalate (1) and Poly (ethy-
lene glycols) (2a–2d) of different molecular weights, viz 600,
1000, 1500 and 2000 were taken in a round bottom flask
and kept on silicon oil bath at 65–70 ◦C. To this mix-
ture, one drop of concentrated H2SO4(1 % with respect
to monomers) was added and the round bottom flask was
fitted to vacuum pump for the removal of methanol. The
reaction was allowed to proceed for 72 hrs and was mon-
itored by thin layer chromatography (TLC) (Fig. 1). Af-
ter completion of reaction, the residue was dialyzed using
membrane (MWCO 10000). The product polymers (3a–
3d) were freeze-dried, separated and characterized with the
help of Nuclear Magnetic Resonance (NMR) (Bruker 400
MHz) spectroscopy.

2a = PEG-600 3a = Poly-[Poly-(Oxyethylene-600)-
oxyisophthaloyl]

Fig. 1. General method of polymerization.

2b = PEG-1000 3b = Poly-[Poly-(Oxyethylene-1000)-
oxyisophthaloyl]

2c = PEG-1500 3c = Poly-[Poly-(Oxyethylene-1500)-
oxyisophthaloyl]

2d = PEG-2000 3d = Poly-[Poly-(Oxyethylene-2000)-
oxyisophthaloyl]

Encapsulation of β-cyfluthrin in nanospheres

The solubility of the synthesized polymers and β-
Cyfluthrin were checked in different solvents and
dichloromethane was selected based on its low volatility.
The amphiphilic polymers (3a–3d) (1.0 g) and β-Cyfluthrin
(0.100 g, 98 % purity) were dissolved in dichloromethane
separately (in 1:10 a.i./polymer w/w ratios) and mixed to-
gether in round bottom flask at room temperature. In a
typical procedure for the encapsulation, the solution was
stirred for 2 hrs.

After removal of the solvent, the residue was dissolved in
water and left on stirring for the formation of nano-spheres.
The solution was then filtered and freeze dried to obtain
the encapsulated product.

Chromatographic condition

The chromatographic determination of β-cyfluthrin was
carried out in an high performance liquid chromatogra-
phy (HPLC) system with a solvent delivery module Varian
ProStar model 240 as chromatographic pump. A Photodi-
ode array detector was used as a detector. Separation was
achieved with C-18 column. All chemicals were analyti-
cal grade. HPLC grade methanol and water were used as
solvent. Commercial formulation 025 SC (Com.SC) was
obtained from the manufacturers.

Isocratic elution was carried out with methanol/water
(90:10 v/v) mobile phase at a flow rate of 0.5 mL/ min. The
wavelength for detection of analytes was 235 nm as reported
on literature.[22] Under these conditions, β-Cyfluthrin ap-
peared at a retention time of 8.2 min.

Release of β-cyfluthrin in water

The release of β-cyfluthrin from the test controlled release
formulations and the commercial formulation were deter-
mined as per literature with minor modifications.[20] The
term release has been taken to imply, as the amount of
active ingredient recorded at a given time and has been
taken as synonymous to release in this study for making
different comparisons. An accurately weighed quantity of
controlled release formulation containing about 100 mg of
β-cyfluthrin for each sample (three replicates) was kept in
a capsule made up of parchment paper and added to 25mL
water in a stoppered conical flask. Flasks were kept in a
biological oxygen demand (BOD) at 30 ± 1◦C. At different
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Release kinetics of β-Cyfluthrin 203

time intervals (0, 1, 3, 7, 14, 21 and 30 days), aliquots of
1 mL were removed for determination of β-cyfluthrin by
HPLC, and then unused sample portions were returned to
the flasks.[20]

Analysis of release data

Determination of the diffusion exponents of the β-cyfluthrin
in formulations
The diffusion exponents from release data was calculated
with the semi-empirical power law equation as suggested
by[19]

Mt/Mo = Ktn (1)

Where Mt/Mo is the fraction of active ingredient released
at time t, K is a constant that incorporates characteristics
(porosity) of the macro molecular network system and the
active ingredients, and n, a diffusional parameter which is
indicative of the transport mechanism. The model has been
fitted by taking logarithm on both sides of Equation 1:

logeMt/Mo = logeK + nloget + e (2)

The values of K and n were determined from β-cyfluthrin
release.

Calculation of t1/2 (time taken for release of 50 % of
initial β-cyfluthrin)

In most cases, the rate of removal of the pesticide follows
first-order kinetics. The rate of removal at a given time is
directly proportional at the time. The first-order rate law is
given by flowing Equation 3:

dM/dt = −KrMt (3)

Where, Kr = rate constant, dM/dt = rate of removal,
Mt = amount of pesticide present at any time ‘t’.

The integrated solution to Equation 3 is:

ln(Mt/M∞) = −Ktt (4)

M∞ is the amount incorporated in the matrix. The rate
of removal of a pesticide from the environment is often
expressed as agent’s half-life t1/2. The half-life is related to
the first order rate constant for removal, Kras follows:

ln2 = −Krt1/2 (5)

Or

Kr = (ln2/t1/2) = (0.693/t1/2) (6)

Prediction of optimum availability (maximum feasible
concentration) of β-cyfluthrin

The optimum availability of β-cyfluthrin from CR formula-
tions and commercial formulations was predicted by fitting
the release data in the quadratic Equation 7.

AVB= a + bt + ct2+e (7)

Whereas AVB is available β-cyfluthrin, ‘a’ coefficient of
initial concentration (t = 0); ‘b’ rate of change of concen-
tration (t); ‘c’ product of rate of change of concentration
(t × t); and ‘e’ constant. Maximum feasible concentration
is obtained from the expression –b/2c. To fit in to the equa-
tion, ‘c’ has to be negative. The data were analyzed using
SAS PROC NLIN and PROC REG.

Results and discussion

The structures of the polymers (3a–3d) were established
from their 1H NMR spectrum. The two protons of the C-7
methylene group of the PEG chain appeared in the range
of δ 4.3–4.45. These methylene protons appear downfield
compared to the corresponding methylene protons of PEG
thereby confirming the formation of the ester linkage in the
product polymers. The NMR data of different polymers
(3a–3d) are as follows:

1H NMR-spectra

Poly-[Poly-(Oxyethylene-600)-oxyisophthaloyl] (3a)
This polymer was obtained by heating dimethylisophtha-
late (1) (1 mmol, 0.19 gm) with PEG-600 (1 mmol, 0.6 g) in
presence of Conc.H2SO4 (1 % with respect to monomers)
at 65◦C–70◦C in solvent free condition for 72 hrs under vac-
uum with continuous stirring. It was obtained as viscous oil
after freeze-drying in 90 % yield. 1H NMR Data (CDCl3):
δ 3.64–3.68 (brs, methylene PEG protons on C-9 and C-10
carbons of the repeating units and on C-α and C-β), 3.82
(t, 2H, C-8H), 3.89 (s, 3H, -COOCH3), 4.45 (t, 2H, C-7H),
7.27 (s, 1H, C-5H), 7.45 (m, 2H, C-4H and C-6H) and 8.19
(s, 1H, C-2H).

Poly-[Poly-(Oxyethylene-1000)-oxyisophthaloyl] (3b)
This polymer was obtained by heating dimethylisophtha-
late (1) (1 mmol, 0.19gm) with PEG-1000 (1 mmol, 1.0gm)
in presence of Conc.H2SO4 (1 % with respect to monomers)
at 65◦C – 70◦C in solvent free condition for 72 hrs under
vacuum with continuous stirring. It was obtained as vis-
cous oil after freeze-drying in 92 % yield. 1H NMR Data
(CDCl3): δ 3.63–3.68 (brs, methylene PEG protons on C-9
and C-10 carbons of the repeating units and on C-α and
C-β), 3.79 (t, 2H, C-8H), 3.86 (s, 3H, -COOCH3), 4.44 (t,
2H, C-7H), and 8.62 (s, 1H, C-2H). 7.27(s, 1H, C-5H), 7.45
– 7.47(m, 2H, C-4H and C-6H).

Poly-[Poly-(Oxyethylene-1500)-oxyisophthaloyl] (3c)
This polymer was obtained by heating dimethylisophtha-
late (1) (1 mmol, 0.19gm) with PEG-1500 (1 mmol, 1.5gm)
in the presence of Conc.H2SO4 (1 % with respect to
monomers) at 65◦C–70◦C in solvent free condition for 72
hrs under vacuum with continuous stirring. It was obtained
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Fig. 2. Cumulative Release of β-Cyfluthrin in water from con-
trolled release formulations. (Figure available in color online.)

as viscous oil after freeze-drying in 90 % yield. 1H NMR
Data (CDCl3): δ 3.63–3.68 (brs, methylene PEG protons
on C-9 and C-10 carbons of the repeating units and on C-α
and C-β), 3.79 (t, 2H, C-8H), 3.85(s, 3H, -COOCH3), 4.32
(t, 2H, C-7H), and 8.67 (s, 1H, C-2H). 7.27(s, 1H, C-5H),
7.45 – 7.47(m, 2H, C-4H and C-6H).

Poly-[Poly-(Oxyethylene-2000)-oxyisophthaloyl] (3d)
This polymer was obtained by heating dimethylisophtha-
late (1) (1 mmol, 0.19gm) with PEG-2000 (1 mmol, 2.0gm)
in presence of Conc. H2SO4 (1 % with respect to monomers)
at 65◦C–70◦C in solvent free condition for 72 hrs under vac-
uum. It was obtained as viscous oil after freeze-drying in 94
% yield.1 H NMR Data (CDCl3): δ 3.63–3.70 (brs, methy-
lene PEG protons on C-9 and C-10 carbons of the repeating
units and on C-α and C-β), 3.79 (t, 2H, C-8H), 3.85 (s, 3H,
-COOCH3), 4.49 (t, 2H, C-7H), and 8.67 (s, 1H, C-2H).
7.27(s, 1H, C-5H), 7.45 – 7.47(m, 2H, C-4H and C-6H).

Cumulative release of β-cyfluthrin in water from the
polymeric test formulations along with commercial formu-
lation is depicted in Figure 2. The rate of release from
CR formulations were much slower than the commer-
cial 025 SC which revealed its maximum release of active
ingredient by the third day, after which the a.i. content de-
creased, because of β-cyfluthrin degradation in water. In

the case of test polymers such as:

Poly-[Poly-(Oxyethylene-600)-oxyisophthaloyl] 3a,
Poly-[Poly-(Oxyethylene-1000)-oxyisophthaloyl] 3b,
Poly-[Poly-(Oxyethylene-1500)-oxyisophthaloyl] 3c,
Poly-[Poly-(Oxyethylene-2000)-oxyisophthaloyl] 3d

The maximum concentration of a.i. was obtained on 7th
day for PEG-600 (3a) and PEG-1000 (3b) CR formulations
and after that the a.i. content decreased rapidly in wa-
ter. The formulations based on amphiphilic polymers with
PEG-600 (3a) and PEG-1000 (3b), released β-Cyfluthrin
faster, whereas that with PEG-1500 (3c) and PEG- 2000
(3d), the release was slower. In case of polymers with PEG-
1500 (3c) and PEG- 2000 (3d), the maximum release was
observed on the 14th day and after that, the degradation
was faster. On the 30th day, a detectable level of a.i. was
present in all the above formulations. It appears that due
to the complete release of β-Cyfluthrin from CR formula-
tions, its faster degradation occurred between 7–30 days.
On the 3rd day equal concentration of a.i. was released
for PEG-1500 (3c) and PEG- 2000 (3d) based controlled
release formulations. The a.i. was present in a higher con-
centration on 14th Day for PEG- 2000 (3d). On 30th day
the maximum concentration of β-Cyfluthrin showed the
following order:

3d > 3c > 3b > 3a

Whereas on the 1st day the maximum concentration of
β-Cyfluthrin release showed the following order:

Com. SC >3d > 3c > 3b > 3a
The values of K and n obtained from β-Cyfluthrin re-

leased in water are presented in Table 1. There is a good
correlation of the release of β-Cyfluthrin from the CR for-
mulations with time up to the increasing release level. When
the cumulative release decreased, this equation did not
provide a significant correlation with release. Then value
ranged from 0.427 to 0.622 for controlled release formula-
tions and commercial formulation. Values close to 0.5 are
stated to indicate that the release is diffusion controlled.[23]

The difference in n values may be due to the different chem-
ical nature of the polymers.

The half life (t1/2; time taken for the 50 % release) of
β-Cyfluthrin in water from developed controlled release

Table 1. The constants derived from fitting of the empirical equation Mt/Mo =Ktn to release data of β-Cyfluthrin in water from
controlled release and commercial formulations.

Formulation ln (K) n R2 (k) t1/2
(days)

Commercial 025 SC 0.715 0.427 0.92 2.04 3.92
Poly-[Poly-(Oxyethylene-600)-Oxy-isophthaloyl] 3a 0.835 0.529 0.72 2.30 5.09
Poly-[Poly-(Oxyethylene-1000)-oxyisophthaloyl] 3b 0.743 0.550 0.67 2.10 5.69
Poly-[Poly-(Oxyethylene-1500)-oxyisophthaloyl] 3c 0.666 0.536 0.72 1.95 5.71
Poly-[Poly-(Oxyethylene-2000)-oxyisophthaloyl] 3d 0.589 0.622 0.70 1.80 7.90
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Table 2. Prediction of period of optimum availability (POA) of β-Cyfluthrin in water from controlled release formulations in water
by fitting the release data in quadratic equation (AVB = a + bx + cx2+ e).

Formulation a b c R2 POA (days)

Commercial 025 SC 0.136 0.258 -0.093 0.94 1.4
Poly-[Poly-(Oxyethylene-600)-Oxy-isophthaloyl] 3a 0.192 0.084 −0.003 0.83 14.0
Poly-[Poly-(Oxyethylene-1000)-oxyisophthaloyl] 3b 0.120 0.063 −0.002 0.80 15.8
Poly-[Poly-(Oxyethylene-1500)-oxyisophthaloyl] 3c 0.137 0.072 −0.002 0.84 18.0
Poly-[Poly-(Oxyethylene-2000)-oxyisophthaloyl] 3d 0.180 0.082 −0.002 0.82 20.5

formulations and commercial formulation is reported in
Table 1. The t1/2 of β-Cyfluthrin in commercial formula-
tion was found to be 3.92 days. The release of β-Cyfluthrin
followed first-order kinetics. The t1/2 value of different con-
trolled release formulations ranged from 5.09 to 7.9 days in
water. In order of increasing t1/2 values, the various formu-
lations revealed the following order:

Poly-[Poly-(Oxyethylene-600)-oxyisophthaloyl] 3a <

Poly-[Poly-(Oxyethylene-1000)-oxyisophthaloyl] 3b <

Poly-[Poly-(Oxyethylene-1500)-oxyisophthaloyl] 3c <

Poly-[Poly-(Oxyethylene-2000)-Oxy-isophthaloyl] 3d

The value of t1/2 of β-Cyfluthrin in various test polymers
such as 3a–3d increased by increasing the molecular weight
of PEG, implying very slow release.

The period of optimum availability (POA) of β-
Cyfluthrin in water from test formulations by fitting the
release data in quadratic equation (POA = a + bx +cx2+e)
is reported in Table 2. It ranged from 1.4 to 20.5 days. The
period of optimum availability of β-Cyfluthrin in water was
found in following order:

Com. SC < 3a < 3b < 3c < 3d

Conclusions

According to the results obtained from this research, pre-
diction of period of optimum availability (POA) of β-
Cyfluthrin in water from controlled release formulations
was found to be in the range of 14 to 20.5 days and t1/2 in
the range of 5.09 to 7.9. Therefore, single application of the
formulation can be manipulated for pest control during
the whole growth span of the crop. In addition, the type of
the matrix used is a major factor for the release kinetics of
an active ingredient in water.
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