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Research highlight

e Conducting polyaniline nanoparticles were prepared via inverse emulsion
polymerization using aldrin as template and aniline as a functional monomer.

e Spherical particles with a size range that increased from 60 — 100 nm for non-
imprinted which increased to between 500 nm — 1500 nm for the imprinted.

e Conducting of materials prepared were determined to be 4.149 S/cm for nanoimprinted
and 0.546 S/cm for imprinted

e Re-binding experiments showed the maximum amount of bound and point of
saturation to be 0.799 ng/uL and 3.58 ng/uL

Abstract

We report on the preparation, characterization and property evaluation of molecularly
imprinted polyaniline nanoparticles that can be used for selective recognition of aldrin.
Molecularly imprinted polyaniline (MI-PANI) nanoparticles were prepared by inverted
emulsion polymerization using aldrin as a template and aniline as a functional monomer.
Materials prepared were characterized using UV-VIS, FTIR and NMR for structural
elucidation. Comparison of spectra data from UV-VIS, FTIR and NMR confirmed that aldrin
was incorporated successfully into the polymer matrix. AFM and SEM were used to evaluate
morphological characteristics. Both AFM and SEM revealed that the particles prepared were
spherical in nature. The particle size was in range 60 — 100 nm for non-imprinted which
increased to between 500 — 1500 nm for the imprinted. The surface morphology was observed
to change from smooth to rough on incorporating aldrin molecules. Electrical properties were
evaluated using a four-point probe coupled to a source meter. Non-imprinted materials showed
an electrical conductivity of 4.149 S/cm that reduced to 0.546 S/cm in MI-PANI. The values
of Kp and Bmax were found to be 0.6 ng/uL and 0.799 ng/uL respectively. Adsorption
characteristics of aldrin and DDT were investigated to ascertain the selectivity of the imprinted
nanoparticles. The results showed the distribution co-efficient of for DDT and Aldrin to be
0.76 ng/ng and 1.31 uL/ng respectively. This is indicative that the imprinted nanoparticles had
a stronger affinity for Aldrin than DDT.
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Abbreviations

AFM, Atomic force microscopy; APS, Ammonium persulfate; CP(s), Conducting polymer(s);
FTIR, Fourier Transform Infra-red; HCI, Hydrochloric Acid; UV-VIS, Ultraviolet-visible
spectroscopy; H-NMR, Proton-Nuclear Magnetic Resonance; I-V, Current —\Voltage; KBr,
Potassium Bromide; MIP, Molecularly Imprinted Polymer; MIP NP(s), Molecularly Imprinted
Polymer Nanoparticle (s); MI-PANI, Molecularly Imprinted Polyaniline; MIT, Molecular
imprinting technique; NPs, Nanoparticles; OCP(s) Organochlorine Pesticides(s); OLED,
Organic light emitting diode; PANI, Polyaniline; S/cm, Siemens per centimetre; SDS,Sodium
dodecyl sulphate; SEM, Scanning Electron Microscopy; TEM, Transmission Electron
Microscopy; Kb, Equilibrium dissociation constant; C, Free equilibrium concentration; Bmax,
Apparent maximum binding capacity.

Keywords: molecularly imprinted polymers (MIPs), polyaniline, nanoparticles, aldrin,
microemulsion, SEM, AFM, Langmuir model

1. Introduction

The reported accumulation of persistent organic pollutants (POPs)[1], in particular,
organochlorine pesticides (OCPs) in the environment resulting from their use in the agriculture
and public health sectors has continued to raise concern. These concerns have driven the
development of low cost, easy to use devices that make use of novel smart materials with high
specificity, selectivity, and sensitivities for analytes in sensing technologies. More specifically,
there is a need for innovative methods for the synthesis of advanced “failor-made” functional

materials with specific recognition capacity and long-term performance stability. One of the
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most promising classes of new and highly selective functional materials are molecularly
imprinted polymers (MIPs[2—-6]. MIPs are one of the leading contenders in chemical sensor

applications, combining selective recognition with chemical strength.

Conducting polymers are an important class of materials because of their potential
applications in various electronic devices such as chemical sensors, electrochromic displays,
and light emitting diodes[7]. Among the various conducting polymers, polyaniline (PANI) is
one of the most promising conducting materials due to its facile synthesis, low cost, exceptional
environmental stability, relatively high conductivity, and unique redox behavior. From these
superiorities, PANI is used in applications such antistatic materials, anticorrosion coatings,
batteries and energy storage, organic light-emitting diode (OLED), and chemical sensors.
Although the use of conducting polymers (CPs) as transducers in chemical sensors is described
in the literature, the associated sensing devices are limited due to lack of selectivity towards
target analytes. With the evolution of molecular imprinting techniques (MIT), CPs can be
chemically functionalized such that highly specific recognition sites are built within the
polymer matrix resulting in an increase in selectivity[2-4]. Integration of molecularly
imprinted conducting polymers as sensitive layers in chemical sensors provides a viable route
for development of devices for selective and sensitive detection of environmental pollutants.

Molecularly imprinted polymers (MIPs) are commonly synthesized by bulk
polymerization of monomers; this is done in the presence of templates, subsequently crushing
or grinding, sieving and sedimentation of the polymer obtained. However, this process is
tedious, time-consuming and the particles obtained show random shapes and size thus limiting
their applicability. Also, the interaction sites created in the MIP are destroyed during grinding
thereby reducing its loading and recognition capacity. Polymerisation strategies such as
emulsion and precipitation polymerization are well-suited methods to obtain particles of
defined shape and with the desired characteristics[8-10]. Emulsion polymerization,
particularly, has gained attention due to better control of particle sizes and morphologies. MIP
particles can be easily obtained using emulsion polymerization, the size can be controlled
without difficulty and their integrity maintained. Also, the nano-MIPs prepared offer properties
such as increased sensitivity due to the high surface area of the particles.

Typical preparation involves a matrix that is non —conductive. This makes the materials not
ideal to function as a transducer. The use of conducting polymers provides an opportunity to
develop a material that has specific recognitions but can also functions as a transducer. One of

the most studied conducting polymer is polyaniline. This is due to its ease of synthesis, stability,



good electrical and redox properties. Most MIP systems require addition of a crosslinker to
maintain particle integrity, that is, to stabilize the imprinted binding sites and facilitate
mechanical strength. The inclusion of non-conductive molecules in a conducting polymer
matrix would be detrimental to its intrinsic electrical properties. In the case of polyaniline, its
complex polymerization under certain conditions leads crosslinked 3-dimensional rigid
structure. Polyaniline nanoparticles of defined shape and size can be prepared by emulsion
polymerization[ 11-13]. When carried out in the presence of a template molecule, molecularly
imprinted nanoparticle can be produced using a scalable process that avoids needing to grind
to obtain desired particle size.

This paper describes a novel approach for the preparation and optimization of nanoparticles
of molecularly imprinted polyaniline through inverted emulsion technique. Aldrin was used as
a template molecule, and imprinted nanoparticles were evaluated for their optical, electrical
and morphological characteristics. The capacity of the imprinted polyaniline nanoparticles to
adsorb aldrin were evaluated through their adsorption properties using Langmuir model and
Scatchard analysis while ability to selectively recognize Aldrin was done by comparing the
adsorption characteristics of aldrin and DDT.

2. Experimental
2.1 Reagent and chemicals

Aniline, aldrin, sodium lauryl sulfate, benzoyl peroxide, hydrochloric acid, acetone,
ethanol, and chloroform were all purchased from Sigma-Aldrich. All chemicals and solvents
used in this work were used as received except for aniline which was double distilled before
use. DDT was obtained from the University of Pretoria. MilliQ double-distilled ultrapure water

was used in all experiments.
2.2 Instrumentation

The FTIR spectra were recorded using KBr pellets on a Perkin Elmer Spectrum RXI FT-
IR spectrometer. The sample was analyzed in pellet form by mixing the sample with pre-dried
KBr in 1:5 ratio. The sample was scanned over a range of 400 cm™ — 4000 cm-1. 'H-NMR
studies were performed using a Bruker Avance 400 MHz NMR. The sample was analyzed in
liquid form using deuterated chloroform as the solvent. AFM experiments were performed
using a Bruker Dimension Icon AFM in scanAsyst mode. The measurements were carried out

on polyaniline thin films. SEM images were recorded with a Zeiss Ultra Plus scanning electron



microscope. Conductivity measurements were done using a four point probe coupled to a
source meter. Quantitative analysis of aldrin and DDT in solutions was performed by GC-
TOFMS.

2.3 Preparation of the imprinted polymeric nanoparticles
2.3.1  Polymer synthesis procedure

Nanoparticles were prepared using the inverted emulsion polymerization. In the
preparation of imprinted PANI NPs, 60 ml of 0.2 M benzoyl peroxide in chloroform was
prepared, and 1.44 g sodium lauryl sulfate in 50 ml of water (0.1 M) was added to it under
constant stirring at room temperature to obtain a milky white emulsion. A mixture of 1 g
(10.84 mmol) aniline monomers, 8 mg (0.0219 mmol) aldrin template in chloroform was taken
and sonicated for 10 min to ensure that all material was dissolved. This solution was then
slowly added to the milky emulsion and stirred for 30 min. Dropwise addition of the dopant,
90 ml (1.5 M HCI) followed over a period of 30 min. During the progress of the reaction, the
colorless emulsion turns green. The reaction was allowed to proceed for 24 hours with stirring.
The organic phase was separated and repeatedly washed with deionized water to remove all
surfactant. The viscous organic solution was then treated with excess acetone to break the
emulsion and precipitating the imprinted PANI NPs. It was then filtered, washed with acetone
to remove any unreacted aniline. The dark green powder obtained was dried under vacuum at

room temperature.

Soxhlet extraction was used to extract the aldrin from the polyaniline nanoparticles.
The imprinted polymer was repeatedly treated with the dichloromethane solvent to remove the
aldrin molecules. The extraction was allowed to proceed for 8 hours until the aldrin was washed
off the polymer. Non-imprinted reference nanoparticles synthesized under identical conditions
without the template aldrin. The general scheme for the preparation of molecularly imprinted

polyaniline nanoparticles is shown diagrammatically below.
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FIG. 1: Diagram showing the preparation of molecularly imprinted polyaniline nanoparticles

2.3.2 Development of thin films

The MI-PANI nanoparticles prepared were deposited on glass substrates. Before
deposition, the glass substrates were washed with acetone, methanol and finally distilled water.
After which they were placed in an oven and dried at 60 °C. The method used for deposition
was the dip coating method. The pre-cleaned glass substrate was dipped for 5 min into the
imprinted or non-imprinted PANI dispersion of nanoparticles in chloroform. The slides were
then withdrawn from the solution slowly to ensure the fluid had time to flow back down into
the solution. The glass substrate was then held horizontally with the applied coating and left

for 10 min until the solvent evaporated leaving a thin film.

2.3.3 Rebinding experiments

The binding capacity of the imprinted nanoparticles was determined using 40 mg of MlI-
PANI added into 5 test tubes with 1 ml of aldrin at concentrations ranging from 1 ng/uL to 5
ng/uL in hexane at room temperature for 20 hours with shaking. The polymer particles were
then allowed to settle for 30 min. The concentration of free aldrin in the solution was assayed
by Gas Chromatography-Time of Flight Mass Spectrometry (GC-TOFMS). The amount of
bound analyte to the molecularly imprinted polyaniline (MI-PANI) was calculated by
subtracting the amount of free analyte from the initial concentration. The selectivity of the MI-

PANI was investigated by comparing the adsorption of aldrin and DDT on the MI-PANI.



3. Results and discussion
3.1 Structure elucidation

The materials prepared were evaluated using FTIR and H-NMR for structural
elucidation. Spectral analysis of both non-imprinted and imprinted materials was done to
ascertain that the template molecule had been successfully incorporated into the nanoparticles.
The molecular structure of polyaniline and the aldrin template are shown below.
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) )

FIG. 2: Protonated emerald green polyaniline (1) and aldrin (2)
3.1.1 Structure elucidation by Fourier transform infrared spectroscopy

To confirm that polyaniline was synthesized according to plan, FTIR spectroscopic
analysis was conducted to evaluate functional groups in the synthesized polyaniline
(supplementary data). Fig. S1 shows the FTIR spectrum of PANI nanoparticles prepared at

room temperature.

In the FTIR spectrum, the peak at 796 cm™ is due to out of plane bending vibration of C-
H on para-disubstituted rings which is consistent with the proposed tetra-substituted benzene
ring system [14,15]. The benzene ring connected at the para position with quinone diimine
moieties and the out of plane bending vibration is evidenced by the presence of the absorption
band at 830 cm™ [16,17]. The bands at 1570 cm™ are due to the stretching vibration of C=C
quinoid ring[15,18]. The characteristic peak at 1480 cm™ is due to the stretching vibration of
C=C of the benzenoid ring while and the bands at the 1294 cm™ and 1236 cm™ are ascribed
to the C-N stretching mode of the aromatic amine[14]. The strongest peak occurs at 1120 cm™
which are assigned to the vibration mode of -NH*= and is indicative of a higher doping
level[14,16]. Typically, a polymer that exhibits charge delocalization shows an absorption at
around 1140 cm™. The charge delocalization band for polyaniline HCI is reported to be at 1125
cm™[14,16] . The absorption band at 3450 cm is due to the N-H stretching mode. In general,

anilinium ion displays a strong and broad band in the region 3400 cm™ — 3030 cm™ due to N-H
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stretching vibration whereas N-H bending vibration appears at around 1302 cm™ — 1289 cm
[16]. Therefore, FTIR spectroscopic structural analysis confirmed that the nanoparticles

prepared consisted of conductive polyaniline polymers[9,19-21].

FTIR characterization was performed to determine the functional groups in MIP before and
after the extraction stage by using the KBr pellets. The spectra of the nanoparticles before
removal of the template (a), after extraction of the template (b) and straight imprinted MIP, are
shown in Fig. S2. The peaks are characteristic of the backbone structure of the different
polymers synthesized. However, the absorption peak of the N-H band at 3450 cm™ is missing
in spectra (b). It is suggested that this peak disappears due interactions between the template
molecule (aldrin) and the polyaniline that hinder the N-H stretching modes which are restored
after extraction of the template (a). The rest of the peaks at 1579 cm™, 1484 cm™, 1117 cm™,
794 cm™ are all in the polyaniline backbone as explained in the previous Sections.

3.1.2 Structure elucidation by nuclear magnetic resonance spectroscopy

H-NMR was carried out on the non-imprinted and molecularly imprinted polymers. The
spectra obtained is shown in Fig. S3 and Fig. S4. In Fig. S3, strong peaks in the region 7 ppm
to 7.68 ppm attributed to aromatic protons of the quinoid and benzenoid ring are present while
the resonance at 3.66 ppm is assigned to N —H group protons. The peaks at 6 1.35 ppm, 8.12
ppm, and 8.13 ppm may be due to the water protons bonded by —NH> groups and H-N*. The
presence the peaks highlighted is consistent with polyaniline structure shown in the above
Section[12,22].

The spectra of polyaniline nanoparticles imprinted with aldrin is shown in Fig. S4.

Additional peaks arising from the presence of aldrin can be identified with the structure below.

FIG. 3: Structure of aldrin with numbered protons

The resonance peaks at 6 6 ppm in the form of a multiplet are associated with the protons 1 and
2[23]. Similarly, the peaks due to 7 and 8 protons are multiplets because of spin-spin splitting

with a center at 2.7. The & 2.2 signals are assigned to protons 3 and 4. The peaks at 6 2.7, 2.9
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can be attributed to proton 3 and 4 in the aldrin structure. The peak at 5.17 ppm is due to the
presence of proton 1 and 2. Shifts in position are due to chemical interactions which may have
taken place during the reaction. Fig. S4 shows the appearance of a peak at around 5.17 ppm
and 1. Finally, the methylene protons 5 and 6 which are anti-bridge and syn-bridge to other
give peaks at 5 1.5. Other peaks are recorded at 5 1.56, 1.58, 1.60 ppm which can be attributed
to the methylene protons in aldrin. Peaks at 5.6 ppm, 1.58 ppm, 1.6 ppm in the spectrum of the
aldrin MIP are assigned to the protons in aldrin moiety. These peaks are absent in the spectrum

of the neat PANI, clear evidence that the modification was successful.
3.1.3 Electronic spectra

A typical UV-VIS spectra of the polyaniline base shows two distinct absorption bands
between 315-345 and 610-650 nm according to Stejskal et.al. [24]. The position of absorptions
with these bands depend on the structures formed which are influenced by the synthetics route
used. Doping with acids generally leads to the appearance of three bands at 325-360 nm 400-
430 nm and 780-826 nm with the disappearance of the band at 610 — 650 nm[25]. The two
peaks often combined into a flat or distorted peak [24,26].

The UV-VIS spectra of the nonprinted and aldrin imprinted polyaniline nanoparticles are
shown in Fig. S7. The spectra for the nonimprinted polyaniline shows absorption peak at 350
nm and 430 nm are ascribed to the = — r* transitions in the benzoid rings and exciton absorption
in the quinoid rings[26-30]. The two peaks often combined into a flat or distorted peak. The
absorption band at 800 nm is taken as evidence of the presence of localized
polarons/bipolarons[28]. Similar absorption peaks are observed in the imprinted polyaniline
nanoparticles. However, the peaks at 350 nm and 430 nm are seen to have shifted to 360 nm
and 460 nm respectively exhibiting a redshift. It is also observed that the absorption peak
characterizing the localized polarons/bipolarons essentially disappears at 800 nm, instead

significant broadening occurs [24,26,28,30].
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FIG. 4: Schematic diagram illustrating polyaniline protonic acid doping leading to the

formation of polarons and bipolarons

The observed spectral changes can be attributed to arise from conformation changes arising
from the interaction of the polyaniline chain and aldrin molecules. It has been suggested that
the appearance of the carrier tail in the near infra-red is indicative of the delocalization of
electron the polaron band. We hypothesized that the aldrin molecules act as “secondary
dopants” which cause the structural changes of the polymer and consequently electronic
transitions.

Aldrin
o® @ Molecule

PANI “compact

coil” PANI “expanded
coil”

FIG. 5: Schematic diagram illustrating the induced conformation change arising from

introduction of aldrin molecule.

A secondary dopant is an inert substance which when applied to polymer that has already
doped (using a primary dopant) may induces further changes to the electronic, optical, magnetic

and/or structural properties of the polymer[31,32]. An increase in conductivity may also
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accompany it. It is here postulated that the introduction of aldrin molecules led to a
conformational change of the polyaniline chains from a more compact coil to more open
(expanded) structure. The attainment of an expanded polymer backbone is accompanied by a
reduction in 7 conjugation defects that affects electronic spectra and transportation of charges.
This invariably leads to more delocalization which is accompanied by a lowering of the band

gap resulting in a slight shift of the 350 nm and 430 nm to longer wavelength.
4.  Morphological characteristics

Physical properties of nanomaterials are highly influenced by their morphology and
structural arrangement. Physical properties such as electrical conductivity are influenced by

the ordering of both polymer chains and nanoparticles[33,34].
4.1 SEM analysis of non-imprinted and imprinted polyaniline nanoparticles

The scanning electron micrographs of the molecularly imprinted polyaniline and the
nonimprinted polyaniline are shown in Fig. 6. Fig.6A revealed that the prepared nanoparticles
were spherical in shape with particle size ranging from 60 — 100 nm. The surface of the non-
imprinted polyaniline was smooth. The imprinted particles were similarly spherically shaped
with a surface that was rough compared to the non-imprinted (Fig. 6B). Furthermore, there was
a general increase in size to an average of 500 nm — 1800 nm. The change in surface
morphology may be due to near sub-surface imprinting. Particles are also observed to occur in
clusters due to coalescence. The clustering can be attributed to agglomeration of primary
particle agglomeration from a combination of Brownian motion and van der Waal attraction.
Although Van der Waals force are weak forces, they become significant at very short distances
(nanoscale). Particle interaction facilitated by Brownian motion ensures the nanoparticles colliding
with each other all the time. The combination of van der Waals attraction force and Brownian motion

would result in the formation of agglomeration of the nanoparticles.
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FIG. 6: Scanning electron micrographs: non-imprinted polyaniline: (A) nanoimprinted

polyaniline (B) molecularly imprinted polyaniline

4.2  AFM Studies of non-imprinted polyaniline and molecularly imprinted polyaniline

AFM further confirmed particle morphology. Fig. 4 shows 5 um scanned AFM 3D
height images for the neat PANI thin films, and MI-PANI carried out in contact mode. The
images show particles that are spherically shaped. The AFM images further confirm that the
nanoparticles are successfully synthesized according to plan. AFM studies were also carried
out on molecularly imprinted polyaniline to study the surface morphology of the imprinted
films. From Fig.4b, it can be noted that the imprinted nanoparticles were spherical in shape

with a general increase in particle size. AFM results complement the SEM analysis.

672 rm
44 nm

FIG. 7: AFM micrographs: (a) nanoimprinted polyaniline nanoparticles (b) molecularly
imprinted polyaniline
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5.  Conductivity

Current- voltage measurements were carried out at a start current and end currentof 10
pA and 50 pA respectively. By use of four-point probe Labview analysis software, the
voltage-current as well as resistivity-current curves were obtained and are shown in Fig. S6
and Fig. S7. The room temperature voltage-current characteristics of PANI and aldrin
MI-PANI pellet are shown in Fig. S6. This curve indicates that the conductivity of PANI and
MI PANI follow Ohmic behavior at room temperature. Fig. S7 shows the resistivity—current
curves for the non-imprinted and imprinted materials. It is observed that the resistivity of

polyaniline drastically increased after imprinting with aldrin.

The intrinsic electrical properties of conducting polymers arise from the conjugated
molecular arrangement that enables the formation of delocalized electronic states. Recent
studies have reported that charge transport in polyaniline nanoparticles occur primarily via
interchain hopping. Furthermore, charge transport in conductive blends and percolated cluster
has been reported as fractal-like [33]. This leads to the availability of random hopping site.
The decrease in conductivity of polyaniline after imprinting with aldrin can be attributed to the
disturbance of the inter-chain charge transport mechanism by having non-conductive species

in the matrix.
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FIG. 8: Schematic representation showing: (a) the dopant counter ions and aldrin between the
polyaniline chains, (b) Hoping sites within well aligned polymer chains inside a nanotube (c)

Random hopping sites with a nanoparticle[33].
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The conductive nature of polyaniline materials can be inferred from UV-VIS
spectroscopic measurements (Fig. S7). The conformation changes that occur generally lead to
increased conductivity which was not the case in this work as evidenced from the current-
voltage measurements. It is postulated that while the UV-VIS spectral data showed that
incorporation of aldrin induced conformational changes that resulted in better conjugation. This
would result in better intra-chain transport and hence an increase conductivity. Charge transport
in polyaniline nanoparticles appears to be dominated by inter-chain hopping[33,35]. It has been
suggested that interchain transport is relatively facile due to the presence of non-
inconsequential overlap between - orbitals of adjacent chains. Electron transfer is reported to
via direct three-dimensional coupling or through intermediate dopant ions. The dopant ions can
connect adjacent chains leading to the formation of polarons clusters resulting in a three-
dimensional network of polaron clusters. Presence of non-conducting aldrin molecules in-
between chains would affect the inter-chain conduction processes negatively as illustrated in
Fig. 8 [27]. Hence, the conductivity reduced from 4.149 S/cm to 0.546 S/cm in the

nonimprinted and imprinted respectively.

6. Adsorption characteristics

The binding properties of the imprinted polymers are evaluated through adsorption
isotherms to establish the relationship between the concentration of bound and free guest in the
system. Molecularly imprinted polymers (MI-PANI) were evaluated by rebinding experiments
and the data fitted into the mathematical models the Langmuir isotherm [36-38].

6.1 Equilibrium rebinding analysis

The binding properties of MI-PANI were measured with initial concentrations of aldrin
ranging from 1.4 - 5.0 ng/pg as shown in Table 1. Fig. S8 shows the binding profile of aldrin
onto MI-PANI. The curve was obtained by plotting the saturated adsorbed amounts of aldrin
against initial concentrations of the aldrin in hexane solution. In the concentration range
investigated, the amount of aldrin adsorbed increases with the increasing aldrin initial

concentration. This indicates that there are specific rebinding sites on the imprinted polymers.
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Table 1: Concentration (ng/uL) of aldrin in the sample solutions.

Sample Initial Conc. Con. at equilibrium Bound aldrin
(Co) (Ce)
1 5 4.1 0.9
2 4 34 0.6
3 3 2.5 0.5
4 2 1.8 0.2
5 1.4 1.3 0.1

6.2  Langmuir isotherm

The Langmuir isotherm assumes monolayer adsorption on a uniform surface with a
limited number of adsorption sites. Once a site is in use, no further sorption can take place at
that site. The surface will finally reach a saturation point where the maximum adsorption of the
surface will be achieved. The data obtained in the batch binding experiment were fitted into
the Langmuir model to obtain the plot in Fig. S9. The Langmuir equation is as shown below.

1)

BmaxXxC
KDXC

B =

where Kp is the equilibrium dissociation constant, C is the free equilibrium concentration of
aldrin, and B 1s the apparent maximum number of aldrin molecules binding on the
nanoparticles. From Fig. SO, it is observed that at equilibrium concentration higher than 3.58
ng/uL, adsorption of MIPs became stable as its recognition sites were almost saturated.
Therefore, the apparent maximum amount of bound aldrin (B,..x) and the point of saturation

are established to be 0.799 ng/uL and 3.58 ng/uL respectively.

6.3 Scatchard analysis

Scatchard analysis was employed to analyze further the binding isotherms, which is an
approximate model commonly used to estimate the binding parameters of MIPs. The Scatchard

equation can be expressed as follows:
B _ Bmax—B

Pl 2)

C Kp
where Kp is defined as the equilibrium dissociation constant of the binding sites, B is the

amount of aldrin bound to the polymer, B 1s the maximum adsorption amounts of aldrin on
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the polymer, and C is the equilibrium concentration of aldrin in the solution. Fig. S10 shows
the Scatchard plot of the binding of aldrin in MI- PANI.

The linear regression equation was, B/C=-15.32x + 13.28 (R? =0.987), suggesting that
the homogeneous recognition sites for aldrin were formed in the MI-PANI. The slope was
established to be -15.32 = 1/Kp, where Kp is the equilibrium dissociation constant of the
binding sites. The intercept, 13.28 = B,,ax/Kp, where Bax 1s the maximum adsorption amounts
of aldrin on the polymer. Kp and B were calculated to be 0.06 ng/uL and 0.799 ng/uL

respectively.

7. Molecular Selectivity of Polymers

In order to verify that imprinted polymers are selective to aldrin, the binding of aldrin and
a structurally related compound was investigated. DDT was chosen as the reference for

investigating the specific selectivity.

| N
Cl N
Aly
cl——cl
Cl
(a) (b)

FIG. 9: Structural related molecules used for evaluation of the selectivity of imprinted
nanoparticle: (a) aldrin (b) DDT

A higher binding affiity for aldrin was exhibited by the imprinted polymers compared to the
structural related compound DDT. The distribution coefficient Kp were utilized to evaluate the

molecular selectivity of MI-PANI. Kp is defined as follows:

Kp=2 (3)

Cs
where C, (ng/uL) is the amount of adsorbed aldrin on MI-PANI and Cs (ng/pL) is the
equilibrium concentration of substrates in solution. A linear function is the simplest and most
widely used adsorption isotherm equation which is conventionally expressed in terms of the

distribution coefficient Kp.
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Table 2: Comparison of distribution coefficient of Aldrin and DDT.

Initial Concentration at | Bound Distribution
Substrate concentration equilibrium (ng/uL) coefficient K
(ng/pL) ng/pL (uL/ng)
Aldrin 3 1.3 1.7 1.31
DDT 3 1.7 1.3 0.76

MIPs exhibited a high distribution coefficient of 1.31 for aldrin as compared to 0.76 for
DDT. This indicates that higher recognition cavities were created in the resultant MIP
nanoparticles. Furthermore, the high Kp value obtained for aldrin suggested that the imprinting
method created specific cavities based on the shape selection and position of functional groups
that recognized template (aldrin). Therefore, MI- PANI exhibit much stronger affinity for aldrin
than for DDT.

8. Conclusion

In the present study, nanoparticles of MI-PANI were prepared by inverted emulsion
polymerization. Molecularly imprinted conducting polymers were produced using aniline as a
functional monomer and aldrin as a template. FTIR and NMR were used for structural
elucidation on the neat polymers and the imprinted. Morphological characterization was done
by SEM and AFM which showed that the particles synthesized were spherical in shape. The
non-imprinted MIPs had a smooth surface with diameters ranging from 60 nm -100 nm.
Molecular imprinting resulted in particles that were spherical, with rough surfaces and
increased size in the range 500 nm — 1500 nm due to incorporating aldrin molecules in the
matrix. Neat PANI had a conductivity of 4.149 S/cm which reduced to 0.546 S/cm. The drastic
reduction in conductivity was suggestive that a significant amount of template-monomer had
incorporated into the matrix. Results from this study demonstrate that polyaniline nanoparticles
could successfully be imprinted with aldrin and can be subsequently removed leaving potential
recognition sites. Adsorption properties evaluated through the Langmuir adsorption isotherm

and Scatchard analysis. The apparent maximum amount of bound aldrin and the point of
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saturation was found to be 0.799 ng/uL and 3.58 ng/uL respectively. The specificity and
selectivity of the imprinted polymers were investigated by binding analysis using aldrin and
DDT. The results indicated that the imprinted polymers showed good selectivity and specificity
for aldrin. Therefore, the synthesized imprinted polymers can potentially be used as active

layers, for selective and sensitive detection of aldrin in chemical sensors.
Appendix: Supplementary data

Supplementary data associated with this article can be found in the online version at
http://dx.doi.org.
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