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Anew controlled release compound was prepared by the reaction of p-styrene
sulphonyl chloride and 8-hydroxyquinoline in the presence of triethylamine as
catalyst. The obtained monomer with bioactive agent moiety was polymerized

with benzoyl peroxide as initiator at reflux condition under nitrogen atmosphere. The
resulting monomer and polymer were identified by spectroscopic methods (FTIR, 1H
NMR). Also molecular weight of the polymer was determined by gel permeation chro-
matography (GPC) and Td was identified by differential scanning calorimetry (DSC),
for reason of the existence of aromatics and sulphonate groups in the polymer ther-
mal resistance is high and before temperature reaches its melting point, the degrada-
tion of polymer occurs. The release characteristics of the polymer were studied in neu-
tral, alkaline, and acidic media. The hydrolysis data showed that release rates are
strongly dependent on the pH of the medium, and the temperature.

INTRODUCTION

Synthetic polymers play an impor-
tant role in agricultural uses and
structural materials for creating a
climate beneficial to plant growth;
e.g. mulches, shelters or green-
houses; for fumigation, and irriga-
tion in transporting and controlling
water distribution. However, the
principle requirement in the poly-

mers used in these applications is
concerned with their physical prop-
erties; such as light transmission,
gas permeability or weatherability;
chemical stability as inert materials
rather than as active molecules.
During the last few years, the sci-
ence and technology of reactive 
functionalized polymers have been 
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received with considerable interest as one of the most
exciting areas of polymer chemistry for the produc-
tion of materials for specific applications. They have
found widespread applications as reactive materials
based on the potential advantages of the specific
active functional groups and the characteristic proper-
ties of the polymeric molecules. Their successful uti-
lizations are quite broad including a variety of fields
such as solid-phase synthesis, biologically active sys-
tems and other various technological uses [1].

Agriculture represents one of the important areas
of international requirements for health, environmen-
tal pollution control, nutrition and economic develop-
ments. The rapidly growing demand for food is the
main impetus behind the need for more efficient oper-
ation in both agriculture and industrial productions to
afford higher yields and better qualities.   

Controlled release technology has emerged during
1980s as a commercially sound methodology [2,3] for
administration of active principles of pharmaceuticals
and agrochemicals. The predictable and reproducible
release of an active agent in a specific environment
over an extended period of time is highly advanta-
geous. Controlled release systems find good applica-
tion in agriculture due to environmental concerns that
impose severe restriction on uses of mobile herbicide
and fungicide with high activity [4-7]. In addition,
controlled release administration of agrochemicals
has certain advantages over conventional methods of
application of agrochemicals [4]. 

In most controlled release formulations, the bio-
logically active agent is dispersed in, or combined
with polymeric matrices [8]. (1) Physical mixing of an
active agent with a polymer to yield a rate controlling
device; (2) chemical binding of the active agent to the
polymer matrix to act as carrier and subsequent
release of the active ingredient is controlled by the
chemical cleavage of polymer-active agent or by envi-
ronmentally induced depolymerization. The choice of
either method for achieving controlled release in a
particular application depends on the required release
rate, properties of the active agent and the cost.

Scheme I describes the synthesis of monomer 1
and polymer 2. 

At first 8-hydroxyquinoline reacts with 4-styrene
sulphonyl chloride to produce monomer 1. Polymer 2
is synthesized via free radical polymerization of

monomer 1. The hydrolytic release of 8-hydrox-
yquinoline is studied at various temperatures and acid
to alkaline pH media (Scheme I).

In this work, for the first time a controlled release
compound was prepared by reacting 8-hydroxyquino-
line and p-styrene sulphonyl chloride followed by
polymerization of the resultant monomer. The pre-
pared polymer shows controlled release properties
with a release rate depending on media temperature
and pH. The release mechanism is through (via)
hydrolysis of sulphonate group.

EXPERIMENTAL

Materials
8-Hydroxyquinoline, PCl5, sodium hydroxide, chlo-
form, and sodium sulphate were purchased from
Merck and vinylbenzenesulphonic acid sodium salt
was obtained from Fluka. All available chemical
reagents were used without further purification. FTIR
Spectra were taken on a Shimadzu spectrophotometer
using KBr pellet. 1H NMR Spectra were recorded on
a Brucker, FT NMR250 MHz spectrophotometer
using CDCl3 as a solvent. Ultraviolet spectra were
taken on a DR-2000 Hach spectrophotometer. Gel
permeation chromatography (GPC) analysis was car-
ried out on Alliance Waters GPC-2000 equipped with
a refractive index detector, TCB as an eluent, and cal-
ibrated with polystyrene standards. Differential scan-
ning calorimetry (DSC) analysis was performed on a
TC-11 Mettler differential scanning calorimeter at a
heating rate of 10ºC/min. C, H, N and sulphur con-
tents were determined subsequently by C, H, N ana-
lyzer model LECO 600 and SC132, respectively. The
mass spectrum was taken on a Varian CP 3600 mass
spectrophotometer.

Preparation of 4-Styrene Sulphonyl Chloride 
4-Styrene sulphonyl chloride was prepared by react-
ing 4-vinylbenzenesulphonic acid sodium salt (5 g,
0.024 mol) with PCl3 (7.5 g, 0.036 mol) at 0ºC for 
2 h (Scheme I) [9-11]. 

Preparation of Monomer
A mixture of sodium hydroxide (0.48 g, 0.012 mol)
and 8-hydroxyquinoline (1.74 g, 0.012 mol) were dis-
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solved. A volume of 100 mL water was poured in a
three-necked flask equipped with reflux condenser,
dropping funnel, thermometer and a magnetic stirrer,
p-styrene sulphonyl chloride (2.43 g, 0.012 mol) dis-
solved in 50 mL of chloroform which was added
dropwise at ambient temperature then the temperature
of reaction was raised to 60-70ºC. The system was
maintained in this condition for 1 h, and finally organ-
ic phase was separated and dried with Na2SO4. The
solvent was evaporated under reduced pressure.
Crude product was recrystallized with mixture of
50/50 hexane/chloroform. The yield was 65% based
on initial salt (Scheme I).

Preparation of Polymer 2
A mixture of the monomer (1.05 g), chloroform 

(50 mL), and benzoyl peroxide (0.05 g) as an initiator
were placed in a flask equipped with a reflux condens-
er and a magnetic stirrer under reflux condition at
atmosphere of nitrogen for 24 h. The polymer was
purified by reprecipitation using a solvent system of
chloroform/hexane and dried (Scheme I).

Controlled Release Study
A 100 mg of polymer 2 was kept in a flask containing
100 mL buffer, and in a water bath at 30ºC, 40ºC, and
60ºC without stirring. A sample from the release
medium was periodically withdrawn and analyzed by
UV at 340 nm to determine the amount of the released
8-hydroxyquinoline. Buffer solution was withdrawn
from the flask after each analysis and replaced by
fresh buffer except for the first few days. A calibration
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curve was constructed with a software built in the
computerized UV spectrophotometer and the amount
(mg) of the released 8-hydroxyquinoline was deter-
mined directly from the software using the calibration
curve. The release studies were carried out on media
with different pHs (4, 7, and 9) at temperatures of
30°C, 40°C, and 60°C [12-14].

RESULTS AND DISCUSSION

In Figures 1-3, 1H NMR and FTIR spectra of
monomer are shown. 1H NMR (250 MHz, CDCl3): 
∂ = 5.4-5.6 ppm (s, 3H, CH2=CH), and 6.5-8.6 ppm
(m, 10H, aromatic hydrogen), IR (KBr): 1373 cm-1

(asymmetric, SO2), 1176 cm-1 (symmetric, SO2)
DCS: (Tm= 102°C, Td= 260°C), M.S (EI): 310, Anal.
Calcd. For C17H12NO3S:

1H NMR and FTIR spectra of polymer 2 are
shown in Figures 4 and 5. 1H NMR (250 MHz,
CHCl3): ∂ = 1-2.1 ppm (m, 3H-CH2-CH-), ∂ = 6.5-8.6
ppm (m, 10H, aromatic hydrogen). 

The characteristic of the 1H NMR spectrum of
monomer 1 was an AB quarter pattern at 5.4-5.6 ppm 
for the vinyl group, 6.5-8.6 ppm for aromatic hydro-
gen. 

In 1H NMR spectrum of polymer 2, vinylic peaks
disappeared and aliphatic peaks such as methylene

protons (CH2) and methyne protons (CH) were seen
as broad peaks, because polymer 2 had a broad molec-
ular weight distribution.

In 1H NMR polymer spectrum due to the polymer-
ization reaction, the vinyl proton group absorption has
disappeared and instead the aliphatic proton group
absorption has appeared at 1-2.1 regions.

IR (KBr): 1373 cm-1 (asymmetric,SO2), 1176 cm-1

(symmetric, SO2). Table 1 and Figures 6-8 show the
obtained information from GPC and DSC thermo-
grams of polymers 1 and 2.

IR Spectrum of monomer 1 shows absorption for 
S=O stretching vibrations of the SO2 group.
Asymmetrical stretching in the SO2 group has result-
ed in strong absorption at 1373 cm-1, the symmetrical

Figure 2. FTIR Spectrum (KBr) of monomer.
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Figure 1. 1H NMR Spectrum (250 MHz) of monomer in CDCl3.



Figure 4. FTIR Spectrum (KBr) of polymer 2.

vibration absorbs strongly near 1176 cm-1. The elec-
tron impact mass spectrum revealed a weak molecular
ion at 311 m/z. The elemental analysis of monomer 1
conformed to C17H13NO3S elemental homologous.

The of the most important factors in attribution of
controlled release property of polymer is molecular
weight and molecular weight distribution in general.
The increase in molecular weight with its narrower
molecular weight distribution would increase the
bioactivity of the produced polymer. Molecular
weight and molecular weight distribution of polymer
were determined by size-exclusion chromatography at 
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Figure 3. 1H NMR Spectrum (250 MHz) of polymer 2 in CDCl3.
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Figure 5. GPC Graph of polymer 2.

Figure 6. DSC Thermogram of monomer.

120°C employing a waters model 2000 using a series
of column: styragel HT4, styragel HT6, TCB as
mobile phase, the chromatography result is shown in
Table 1 and Figure 5. PDI, Mw and Mn for this poly-
mer are 2.32, 614129, and 264456, respectively.
Literature survey shows that with Mn reduction and
thereby increase in molecular weight distribution, the
rate of release of bioactive polymer is increased,
which may be attributed to chain movement and mass
transfer phenomenon [15-17].

This can be controlled by varying the concentra-
tion of initiator as well as reaction condition of molec-
ular weight and its distribution. In this system the
effects of molecular weight variation and its distribu-
tion of the rate of release for 8-hydroxyl as a fungicide  
is currently under study.

Figure 7. DSC Thermogram of polymer 2.

Figure 8. Release profile of 8-hydroxyquinoline versus time

at pH = 4.

Two important parameters in control release of a 
bioactive polymer are their molecular weight and
molecular weight distribution. 

Figure 7 shows the thermogram for DSC of
monomer 1 with an endothermic peak  at 103ºC which
is attributed to melting point of monomer, and an
exothermic peak in 160-200ºC region which is proba-
bly related to thermal polymerization of monomer and
finally a degradation peak at 250ºC.

Figure 8 shows the thermogram for DSC of poly-
mer 2. As it is evident in the thermogram, the only
peak observed is related to polymer degradation, with
no sign of any peak relating to melting. This may be 
attributed to high polarity of this polymer and before
temperature reaches its melting point, the degradation
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Table 1. Mn, Mw, Mz and polydipersity of polymer. 

Polymer 2 Td Mn Mw Mp Mz Mz+1 PDI 

Values 255°C 264465 614129 562979 1059052 1412948 2.32 

 

 

 

 



Figure 9. Release profile of 8-hydroxyquinoline versus time
at pH = 7.

of polymer occurs.
Degradation temperature appeared at 225ºC, this

was because of high polarity of sulphonate group and
aromatic groups which exist in polymer 2 that restrict
the mobility of chains, therefore polymer 2 degraded
before melting stage.

Figures 8-10 show the effects of temperature and
pH effect on the rate of release and profiles of mole
fraction of 8-hydroxyquinoline (ratio of the moles of
8-hydroxy-quinoline to total moles present in the sam-
ple) versus time at pH values 4, 7, and 10 in (60:40
v/v) aqueous buffer/dioxime at 30°C, 40°C and 60°C. 

Figure 10. Release profile of 8-hydroxyquinoline versus
time at pH = 10.

These tests showed that polymer was able to release
8-hydroxyquinoline and this ability was based on the
function of temperature and pH.

8-Hydroxyquinoline which acts as a fungicide is
connected to polystyrene sulphonate via sulphonate
bond, and the mechanism for release is due to rate of
hydrolysis of (sulphonate) bond, and as it has already
been mentioned in the literature.

Rate of hydrolysis of this bond acts as base > acid>
neutral, and as it is evident in the diagram, the rate of
release depends on temperature and pH values. The
result shows higher hydrolysis at higher temperature
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as well as higher pH value.
It is important to note that the amount of released

bioactive from the polymer was obtained by compari-
son of calibration curves. Using the calibration curve
and utilizing the amount of absorption,  the concentra-
tion of released bioactive is determined.

Before hydrolysis of the polymer, the molecular
weight of the polymer was determined by GPC and as
there was one bioactive per each monomer therefore
the amount of bioactive was specified.

Scheme III indicates the mechanism of hydrolysis
of sulphonate group in different media.

In acidic media, H+ is bonded to oxygen atom of
sulphonate group and increases the positive charge of
the sulphur atom, consequently, it promotes the nucle-
ophilic attack of water.

Due to the presence of OH- in alkaline media
which is a stronger nucleophile in respect to water, the
rate of hydrolysis of sulphonate takes place faster.

Therefore, the rate of hydrolysis in alkaline media
is faster than in acidic which itself is higher than in
neutral media. 

The synthesized compound can be used as bacteri-
cide and fungicide for agricultural applications [18].

CONCLUSION

8-Hydroxyquinoline-p-styrene sulphonate (monomer)
was synthesized from reaction of p-styrene sulphonyl
chloride and 8-hydroxyquinoline.

The functionalized polymer was synthesized by
conventional radical polymerization. Fungicide
release tests in buffer solution at different tempera-
tures and various time lengths showed this polymer
was able to release fungicide. It was found that release
rate of 8-hydroxyquinoline was faster in basic medium
(pH=10) than acidic and neutral media. In neutral
medium release rate was at the lowest because of the
catalytic effect of H+ and OH- on hydrolysis of
sulphonate group.

In this study, for the first time, 8- hydroxylquino-
line (a well-known bactericide and fungicide) was
incorporated in the reaction with p-styrene sulphonyl
chloride monomer. The final product was then
obtained by polymerization of the prepared monomer
(direct method). Studies showed that this polymeric

system has the ability of control release, which the rate
of release depends on temperature and pH value of the
system. The release mechanism is via hydrolysis of
sulphonate group.
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