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INTRODUCTION

p-Hydroxybenzoic acid (p-HBA) acid is one of the phenolic
acid compounds occurs naturally in various plants which can
be found in fruits, vegetables and some medicinal plants. For
example, plants like soybean, corn, rice and wheat contains
p-HBA, which can be obtained from their root exudates [1].
Generally, p-HBA has been utilized for various applications
such as an antioxidant, preservative and fungicide in foods,
beverages, medicines and cosmetics [2,3]. It has been proved
that the insertion of p-HBA into the chitosan molecule had incre-
ased its antioxidant and antibacterial capabilities [4]. Once
penetrating in the environment such as in soils, sediments and
water systems, p-HBA can become extremely persistent [5,6].
The p-HBA may be harmful to humans, animals and plants [7,8]
because it has also been detected in food, crops and human
urine [9,10]. One major contributing factor to nutrient deficien-
cies, for instance, is high p-HBA in soils, which inhibits plant
growth and reduces agricultural output [11]. However, p-HBA
is also known as allelochemical [12], which tends to affect soil
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p-Hydroxybenzoic acid (p-HBA) is widely found in the environment due of its exceptional properties and has been used in the synthesis
of variety of products such as preservatives, dyes, bactericides, etc. This causes a huge disposal of p-HBA in the environment which is
considered to be harmful to both aquatic and terrestrial life. The molecular imprinting technique was employed to fabricate a molecularly
imprinted polymer (MIP) that possesses selective binding sites for the p-HBA. In this study, p-HBA was used as the template molecule for
the MIP synthesis, which was carried out using the precipitation polymerization method with a non-covalent approach. Acrylic acid was
employed as the functional monomer, while ethylene glycol dimethylacrylate (EGDMA) was utilized as the cross-linker. The characterization
of the MIP of p-HBA was conducted with scanning electron microscopy (SEM) and Fourier transform infrared (FTIR). The SEM results
showed that both MIP and the non-imprinted polymer (NIP) of p-HBA were spherical in shape. The MIP attained its highest efficiency at
optimum conditions of 1 ppm initial concentration, 0.4 g of polymer dosage and 210 min contact time. Moreover, the competitive binding
assay indicated that the MIP displayed a greater affinity towards p-HBA than benzoic acid. The synthesized MIP was successfully used
for the extraction p-HBA from blood serum and the extraction efficiency was about 80.56%.
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health [13] and hinder plant growth [14,15]. This is because it
can directly control the activities of the metabolic enzymes
within the glycolysis and pentose phosphate oxidation and
hence, leads to the suppression of seed germination and root
growth [16,17]. Besides that, p-HBA also impeded plants’
carbon and nitrogen metabolism and caused damage to the
DNA and proteins within the plants [18,19]. The application
of p-HBA reduced the expression of genes related to the cell
cycle and decreased the length of mature root cells in cucumber
roots [20].

Moreover, exposure to p-HBA led to alterations in photo-
synthesis, respiration and genes associated with reactive oxygen
species in the leaves of Populus × euramericana “Neva” [21].
In addition, it has adverse effects on humans when p-HBA is
used in cosmetics or pharmaceutical products including skin
irritation, eye irritation and respiratory tract irritation. p-HBA
is derived from the hydrolysis of parabens, a commonly used
preservative in cosmetics and food products [22,23]. Though
p-HBA is not acutely toxic, it still exhibits estrogenic activity,
promoting the growth of human breast cancer and is regarded
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as a biomarker for gastric cancer [23-26]. In order to prevent
p-HBA from being consumed and from piling up in the human
body, it is imperative that the concentration of p-HBA in foods
and environments be reduced. Therefore, it is necessary to
monitor p-HBA with a well-established method.

Molecularly imprinted polymers (MIPs) are versatile mate-
rials for the extraction of p-HBA from any sample because it
is designed with characteristics of high affinity and selectivity
towards its target molecule [27]. Basically, MIPs are prepared
by mixing template molecule, functional monomer, cross-
linker, initiator and solvent together to become a pre-polymeri-
zation mixture, which then will undergo a polymerization
reaction at optimized time and temperature and later the products
of polymerization undergo template removal to obtain MIPs
containing highly specific and selective binding sites [28]. MIPs
can be synthesized by various methods including bulk polymeri-
zation, precipitation polymerization, emulsion polymerization,
suspension polymerization and dispersion polymerization. Among
these, bulk polymerization is the most conventional method
that produces bulk monolith [29] while precipitation polymeri-
zation is the most popular method to produce micro spherical
polymer particles [30-32]. This is because the MIP preparation
method is easy and cheap, as well as the produced MIPs are
stable and can resist extreme temperature and harsh chemical
media [33]. A few studies have been reported for the develop-
ment of MIPs for p-hydroxybenzoic acid (p-HBA) as a template
molecule and their recognition and separation performances
were assessed [34-38]. In this study, acrylic acid was used to
establish an interaction with the p-HBA through non-covalent
bonding and a precipitation polymerization technique was used
to complete the polymerization reaction.

EXPERIMENTAL

p-Hydroxybenzoic acid (p-HBA), benzoic acid, ethylene
glycol dimethylacrylate (EGDMA) were purchased from Sigma-
Aldrich Co. Ltd. (USA). The other chemicals like acrylic acid
(AA),  acetonitrile (ACN), azo-bis-isobutyronitrile (AIBN),
methanol, acetic acid, acetone were procured different comm-
ercial chemical suppliers.

Synthesis of MIP: The molecularly imprinted polymer
(MIP) of p-HBA was prepared by precipitation polymerization
techniques with a non-covalent approach [31]. In the prepara-
tion of MIP, the template (p-HBA), monomer (AA) and cross-
linker (EGDMA) were used in the ratio of 1:3:12, respectively.
Firstly, the template was dissolved in 75 mL of acetonitrile in
a reaction flask and then monomer and cross-linker were added
in the reaction mixture. After that, a 0.03 g AIBN as an initiator
was added to initiate the polymerization process. The mixture
was sonicated for 15 min and then purged with nitrogen for 15
min. After this process, the reaction flask was sealed and kept
in a water bath at 60 ºC for 2 h and 80 ºC for 4 h. The synthe-
sized polymer beads were collected and washed with methanol
to remove unreacted materials on the polymer beads. The non-
imprinted polymer was synthesized by using the same procedure
without the template molecule. The template was removed from
the polymer matrix by washing via methanol and acetic acid

(7:3, v/v). The washing procedure was repeated until the temp-
late was completely removed from the polymer.

Effect of contact time: In this study, a series of conical
flasks containing 0.1 g of MIP and NIP were added with 10 mL
of 10 ppm p-HBA solution. The conical flasks were agitated on
a shaker at 250 rpm and the samples were collected at different
time intervals of 30, 60, 90, 120, 150, 180, 210, 240, 270, 300,
330 and 360 min. The absorbance of the supernatant solution
of p-HBA was recorded using UV spectrophotometry. The
rebinding efficiency of polymers was calculated by:

o f

o

C C
Extraction efficiency (%) 100

C

−= × (1)

where Co is the initial absorbance and Cf is the final absorbance
of p-HBA.

Effect of initial concentration: In this study, different
initial concentrations (5, 10, 15, 20, 25 and 30 ppm) were tested.
The amount of adsorbent and contact was 0.1 g and 210 min,
respectively. The rebinding efficiency was calculated by eqn.
1 in all cases.

Effect of polymer dosage: The different masses of 0.1,
0.2, 0.3, 0.4 and 0.5 g of the MIP were placed in the different
conical flasks and were added with 10 mL of 10 ppm p-HBA.
The conical flasks were shaken at 250 rpm for 210 min. The
rebinding efficiency was calculated by eqn. 1 in all cases.

Kinetic study: The rate and kinetic mechanism of p-HBA
were examined in this work using the pseudo-first-order and
pseudo-second-order kinetic models. The pseudo-first-order
and pseudo-second-order linear equations are represented by
eqns. 2 and 3, respectively. The best-fitting kinetic model that
explains the adsorption of p-HBA was determined to be the one
with a greater correlation coefficient (R2).

Pseudo-first-order:

e t e 1

t
log(q q ) log(q ) K

2.303
 − = −  
 

(2)

In this context, qe represents the quantity of p-HBA that
has been adsorbed at equilibrium, while qt indicates the amount
of p-HBA adsorbed at a specific time. K1 denotes the pseudo-
first-order equilibrium rate constant and t refers to the time
interval associated with the adsorption of p-HBA.

Pseudo-second-order:

2
t 2 e e

t 1 t

q K (q ) q
= + (3)

In this context, qe represents the quantity of p-HBA adso-
rbed at equilibrium, while qt denotes the quantity of p-HBA
adsorbed at any specified time. K2 is identified as the pseudo-
second-order equilibrium rate constant and t refers to the time
interval associated with the adsorption of p-HBA.

Adsorption isotherm study: The adsorption capacity and
surface of the MIP were described in this study using Langmuir
and Freundlich isotherm models. The linear equations for the
Freundlich and Langmuir isotherm models are represented by
eqns. 4 and 6, respectively. As the best-fitted isotherm model,
only one model with a better correlation coefficient (R2) was
chosen.
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Langmuir isotherm:

e e

e max L max

C C1

q q K q
= + (4)

where qmax is the maximum adsorption capacity of p-HBA; qe

is the quantity of p-HBA adsorbed at equilibrium time; Ce is
the p-HBA concentration at equilibrium and KL is the Langmuir
constant. The RL (parameter of equilibrium) was calculated by
using eqn. 5:

L
L e

1
R

1 K C
=

+ (5)

where KL is the Langmuir constant and Ce is the p-HBA concen-
tration at equilibrium.

Freundlich isotherm:

e F e

1
ln(q ) lnK (lnC )

n
= + (6)

where n is the constant related to adsorption intensity, KF is the
maximum adsorption capacity of p-HBA, Ce is the p-HBA
concentration at equilibrium and qe is the amount of p-HBA
adsorbed at equilibrium time.

Competitive binding assay: A selectivity test was cond-
ucted to evaluate the MIP of p-HBA as a sensing material.
Benzoic acid was used as a competitive template with p-HBA.
In this study, 5 mL p-HBA (10 ppm) and 5 mL of benzoic acid
(10 ppm) were mixed in a conical flask containing 0.1 g of
MIP. The NIP was treated in the same manner. The conical
flask was shaken on the shaker at 250 rpm and the sample was
collected at 210 min. The distribution ratios (mL g–1) of p-HBA
between the MIP and NIP were determined using eqn. 7:

Distribution ratio:

i f
D

M

(C C )V
K

C

−= (7)

where Ci is the initial p-HBA/benzoic acid in solution; Cf is
the final concentration of p-HBA/benzoic acid; V is the volume
of solvent and M is the mass of MIP/NIP used.

Selectivity coefficient for p-HBA relative to a binding com-
petitor; benzoic acid for MIP and NIP was calculated by using
eqn. 8:

Selectivity coefficient:

D
sel

D

K  -HBAMIP
K

NIP K  Benzoic acid
  = 
 

p
(8)

where KD (p-HBA) is the distribution ratio of MIP/NIP for
p-HBA and KD (benzoic acid) is the distribution ratio of MIP/
NIP for benzoic acid.

The relative selectivity coefficient (Kº) was determined
by the following equation:

o sel

sel

K  MIP
K

K  NIP
= (9)

where Ksel MIP and Ksel NIP are the selective coefficients.
Extraction of p-HBA from blood serum: Fresh human

blood (10 mL), devoid of drugs, were obtained. Following whole
blood collection, the blood was left undisturbed at room temp-

erature to coagulate. After centrifuging the clot for 10 min at
7000 rpm, the serum-containing supernatant was obtained and
kept in a refrigerator until the next experiment. Following that,
distilled water was used to dilute the blood serum in 1:10 ratio.
Then, 5 mL of 10 ppm p-HBA was added to 5 mL of diluted
blood serum. A conical flask containing 10 mL of spiked blood
serum was filled with approximately 0.4 g of chosen MIP.
Following that, the identical process as described in the batch
binding analysis was used.

RESULTS AND DISCUSSION

Synthesis of MIP and NIP: The synthesis was carried
out by using the non-covalent precipitation polymerization
method. Non-covalent approaches involve self-assembly
through weak intermolecular interactions between the template
and functional monomers [39]. The ratio between template/
monomer/crosslinker is a very crucial part for producing better
extraction performance and can also determine the stability
of the formed complex [40]. In this study, the molar ratio of
the template/monomer/crosslinker was 1:3:12, respectively.
The functional monomer used in the synthesis was acrylic acid
in which the carboxyl group of acid could create a hydrogen
bond with the p-HBA. EDGMA was chosen as a crosslinker
because it is widely used for controlling the morphology and
stabilizing the molecular reaction site. Solvent also played an
important role in the synthesis of MIPs for the accurate assem-
bly of a template and the monomer. Acetonitrile, a polar aprotic
solvent, can allow the template and monomer to develop polar
contacts because to its physical and chemical properties [40].
In this way, a non-covalent interaction was established between
the template and monomer.

Characterizations of MIP

SEM analysis: Scanning electron microscopy (SEM)
(JEOL JSM-6390LA) was used to analyze the morphology. The
shape and size were observed at a magnification of 10000x as
shown in Fig. 1, which depicts the uniform spherical shape and
size of the polymer particles. All the polymeric particles are
micro range in size, which may be due to the use of precipitation
polymerization technique by using a non-covalent imprinting
approach [41]. The other reason could be the type and volume
of solvent used, which are also important factors that could affect
the surface morphology and the pore diameter [42]. This research
confirmed that using acetonitrile as a solvent medium results in
microporous and well-defined spherical polymer microparticles.

FTIR analysis: The FTIR (IRAffinity-1 SHIMADZU) was
used to analyze the chemical structure of MIP particles. A broad
peak at 3550-3200 cm–1 attributed to the stretching of O-H was
observed in MIPs (Fig. 2). A strong and broad peak at 2979.18-
2975.33 cm–1 are due to the vibration of C-H stretching from
carboxylic acid functional group. A strong peak was observed
at 1728.29-1727.33 cm–1, which represents the vibration mode
of C=O from the carboxylic acid. This peak indicates the presence
of acrylic acid as monomer is important for the binding inter-
action in molecular imprinting technique. The vibration of C=C
stretching was detected at 1641.49-1639.56 cm–1 and this confirms
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Fig. 1. SEM images of (a) MIP and (b) NIP
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Fig. 2. FTIR spectra of MIP before wash, MIP after wash and NIP
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the polymerization of monomers. The C-H bending at 1464.03-
1462.11 and 879.58-875.72 cm–1 represent the presence of alkane.
The strong peaks between 1000 cm–1 to 850 cm–1 are due to the
bending of =C-H.

Batch binding assay: This assay was carried out to evaluate
the best suitable contact time between template and polymer
to have a higher rebinding efficiency. The higher affinity and
rebinding efficiency towards the target analyte and greater
number of recognition sites are crucial for MIP. From Fig. 3,
it is clear that MIP has highest rebinding efficiency compared
to the NIP. As for the NIP, the binding affinity is less as comp-
ared to the MIP. This is due to the presence of recognition sites
in the MIP, which lacked in NIP [43-45]. Moreover, it is also
observed that with the increase in the contact time during the
binding process, there is an increase in the adsorption of the
target analyte onto the synthesized polymeric surface until the
equilibrium is attained at 210 min after that a decrease in adsor-
ption was observed. The highest rebinding efficiency of 76.01%
was achieved at 210 min. The optimum and efficient time for
the MIP to rebind the p-HBA was at 210 min.
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Fig. 3. Binding efficiency (%) at different time interval

Effect of different template concentration: The rebinding
affinity of the template depends on the available recognition
sites. Initially the rebinding of template increases with the
increase in concentration until it reaches a certain point to
have higher rebinding efficiency (Fig. 4). After this optimum
point it started decreasing and this may be due to the saturation
of template molecules around the binding sites of MIP [43-45].
A 10 ppm was considered as the optimum concentration for
the highest rebinding efficiency of MIP.

Effect of MIP dosage: The effect of MIP dosage on the
rebinding efficiency is shown in Fig. 5. With the increase in the
amount of MIP the number of recognition sites will also increase.
The results of this study showed that with the increase in the
dosage of polymer the rebinding efficiency also increased until
it reached an optimum amount of 0.4 g. The further increase
in the amount of MIP has shown a decreasing trend this may
be due to the aggregation of MIP particles resulting in the
hindrance towards the binding sites [43-45].

Kinetic studies: Fig. 6 displayed the pseudo-first-order
kinetic model and the pseudo-second-order kinetic model of
p-HBA with R2 value of 0.5311 and 0.9457, respectively. The
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pseudo-second-order kinetic model is the best kinetic model
for the adsorption process due to the higher R2 value, which
indicated that the adsorption process is the chemisorption. This
suggests that chemisorption dominates the adsorption process,
involving the valence forces or electron sharing.

Adsorption isotherms: In this study, both Langmuir and
Freundlich isotherm models were applied on p-HBA to deter-
mine the adsorption mechanism and extent of p-HBA adsorbed
on the MIP surface. The results depicted in Fig. 7 showed the
relationship between p-HBA and MIP in the form of Langmuir
and Freundlich isotherm models, respectively. Moreover, the
values of Langmuir constants (qmax, KL and RL) and their corre-
lation coefficient (R2), as well as the Freundlich constants (KF,
n and 1/n) and their correlation coefficient (R2) are displayed
in Table-1. The adsorption process was concluded on the basis
of R2 value. The Freundlich isotherm model showed the highest
R2 value. This indicated the multi-layer mechanism of adsorption
occurs in MIP with heterogeneous binding sites.

Competitive batch binding assay: This assay was tested
to evaluate the properties of MIP recognition site of p-HBA as
sensing material [30]. The selected competitor was benzoic acid,
which is the structural analogue of p-HBA. Based on Table-2,
the distribution ratio of KD MIP of p-HBA is higher than KD

MIP of benzoic acid. It showed that the sensing properties of
MIP towards the p-HBA, which means that the recognition
sites in MIP are more complementary with p-HBA as compared
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TABLE-1 
VALUES OF ADSORPTION ISOTHERM MODELS 

Langmuir constants Freundlich constants 

qmax KL RL R2 KF n 1/n R2 

0.6016 0.8360 0.3671 0.7634 4.5809 0.7862 1.272 0.9898 

 

to benzoic acid. The higher selectivity coefficient of p-HBA
also indicated the complimentary binding in MIP as comp-
ared to the NIP.

Extraction of p-HBA from spiked blood serum: The
extraction of p-HBA was tested in spiked blood serum sample.
A good amount of p-HBA was extracted from the blood sample.
The extraction efficiency of MIP was about 80.56% and at the
same time was tested using NIP which was about 56.58%. This
proved that the synthesized MIP has specific binding sites for
the template molecule.

Conclusion

The molecular imprinted polymer of p-hydroxybenzoic
acid (p-HBA) was synthesized by using precipitation polymeri-
zation with suitable recognition sites. This was obvious from
the competitive binding that the molecularly imprinted polymer
(MIP) showed higher affinity towards p-HBA as compared to

benzoic acid. An appreciable amount of 80% p-HBA was extra-
cted from the blood serum sample. The relative selectivity
coefficient (1.13) indicated the potential application of synthe-
sized MIP for selective extraction of p-HBA from mixture of
compounds. This will provide an opportunity for the use of
this kind of material in the solid phase extraction in the complex
matrix samples.
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TABLE-2 
THE DISTRIBUTION RATIO, SELECTIVITY COEFFICIENTS AND RELATIVE SELECTIVITY COEFFICIENT OF MIP AND NIP 

 KD MIP (MAA) KD NIP (MAA) Ksel k′ 
p-HBA (template molecule) 80.57 70.62 1.70 – 

Benzoic acid (competitive compound) 47.48 46.68 1.51 1.13 
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