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Abstract
Amitriptyline hydrochloride is a highly permeable active pharmaceutical ingredient (API). The function
of these drugs is to block the reuptake of the neurotransmitters, norepinephrine and serotonin in the
central nervous system. The nano-sized Amitriptyline (AT) imprinted polymer particles were synthesized
successfully. The nanoparticles were characterized by Fourier transform infrared spectroscopy (FT-IR),
scanning electron microscopy (SEM) and thermal gravimetric (TG) methods. AT-imprinted polymer was
prepared using suspension polymerization in silicon oil with AT as template, Methacrylic acid (MAA) as
functional monomer and ethylene glycol dimethacrylate (EGDMA) as cross-linker. As illustrated in SEM
images, it is possible to obtain real nano-sized molecular imprinted polymer particles (around 80 nm) with
approximately spherical shapes, through the methods and techniques presented and discussed in this study.
Thermal analyzes indicated that, an abrupt weight loss for nano-sized MIP was observed at 310°C. This mass
loss can be attributed to the loss of nano-sized MIP chain degradation.
Keywords: Amitriptyline; FT-IR; Nano-sized molecularly imprinted polymer; SEM; TG.
How to cite this article
Khanahmadzadeh S, and Tarigh A. Nano-sized Amitriptyline (AT) imprinted polymer particles: Synthesis and characterization
in Silicon oil. Int. J. Nano Dimens., 2017; 8(2): 182-186, DOI: 10.22034/ijnd.2017.25088

INTRODUCTION
Amitriptyline hydrochloride is a highly permeable
active pharmaceutical ingredient (API) [1]. It is
a tricyclic antidepressant drug most commonly
approved for the treatment of major depression
[2]. This drug is chemically basic and is in the form
of hydrochloride salt (pKa 9.4) in the market [3]. The
function of these drugs is to block the reuptake of the
neurotransmitters, norepinephrine and serotonin in
the central nervous system [4]. Molecularly imprinted
polymers (MIPs) have attracted great interest in
recent years [5]. During the preparation of MIPs,
three-dimension structure cavities were generated
after polymerization and template extraction [6, 7].
As the cavities were complementary in size, shape
and chemical functionality to that of templates,
MIPs possess excellent recognition ability toward
template molecules, and these speciﬁc binding
affinities between the multifunctional MIPs and
the target molecule have proven to be valuable for
a variety of separation purposes in environmental
remediation [8, 9].
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So far, synthesized MIPs have been widely used
as selective sorbents in different methods such as
solid phase extraction (SPE) [10, 11], solid phase
microextraction (SPME) [12, 13], stir barsorptive
extraction (SBSE) [14,15], and dispersive liquidliquid microextraction (DLLME) [16]. They are used
as biosensors as well [17-20]. In these techniques,
organic solvents are used to extract the analyte
from the MIP, pre-concentrate, and analyze it. In
this study, we report the synthesis of nano-sized AT
imprinted polymer particles were using suspension
polymerization in silicon oil nanoparticles that
used for example in determination of drugs.
EXPERIMENTAL
Amitriptyline
hydrochloride
was
from
Daropakhsh.Co. (Tehran, Iran). And Methacrylic
acid (MAA) as functional monomer and ethylene
glycol dimethacrylate (EGDMA) as cross-linker
and 2,2-azobisisobutyronitrile (AIBN) as initiator
were purchased from Merck Chemical Company.
Methanol, acetone, acetic acid, sodium hydroxide
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and all the other chemicals used in this study
were of analytical reagent grade obtained from
Merck (Germany). Doubly distilled water was
used throughout the experiments. The whole
procedure and structural characterization of
nano-sized AT imprinted polymer particles
have been investigated by FTIR, SEM and TGA.
The FTIR spectrum was recorded with a model
Perkin Elmer spectrum RX1 of Fourier transform
infrared spectrometry using a KBr pellet. The SEM
pictures were recorded with KYKY Model EM 3200
instrument at the accelerating voltage of 25 kV.
Thermo gravimetric analyzer (TG) was used to
determine thermal stability of the synthesized ATimprinted polymer using a TA instrument, Q-5000
model.
Nano-sized MIP preparation
In order to prepare the MIP nanoparticles,
UA suspension polymerization in silicon oil was
applied. Then, 0.08 mmol of AT, 4.6 mmol of
MAA, 9 mmol of EGDMA and 0.02 g of AIBN were
dissolved in 5 ml of methanol. Then, 45 ml of
silicon oil was purified by a nitrogen gas stream

for 10 min. The pre-polymerization mixture was
added to silicon oil and then dispersed at 800
rpm for 15 min. Then, the mixture was further
mixed by an ultrasonic mixer in order to break
the suspended polymerizable droplets into
smaller ones [19]. This step lasted about 15 min.
Finally, the obtained mixture was put into a water
bath and its temperature was ﬁxed at 67°C, for
12 h. The synthesized particles were filtered and
washed with petroleum ether and toluene several
times. In order to extract AT and the remaining
monomers from the polymer networks, the
particles were washed with methanol. To extract
the AT from the polymer networks, the particles
were washed with methanol/acetic acid (90:10,
v/v) for 24 h. The MIP was then dried at 40 °C
for 1 h.
RESULTS AND DISCUSSION
FT-IR analysis
The resulting MIP was characterized by FTIR.
The IR spectra of the unleached AT imprinted
polymers were recorded using KBr pellet method
(Fig. 1). Except for the regions of∼1500-1700cm−1,

Fig. 1: The FT-IR patterns of (a) unleached MIP, (b) leached MIP and (c) NIP.
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no other significant differences were observed
among the FT-IR spectra of the polymers which
were meticulously examined in all recorded
regions.
Fig. 1(a, b and c), illustrate the FT-IR spectra
of the unleached MIP, leached MIP, and also NIP
respectively. The perceived strong stretching
vibration band ∼1733cm−1 is due to the –C=O
of carboxylic acid group of methacrylic acid,
which are mostly located at the polymeric
particle surface. This band can be observed in
all of the polymers examined. However, in the
region of 1500–1700cm−1 for NIP, there are no
bands observed. For the unleached MIP at the
previously discussed region of (∼1620cm−1), a
band is clearly noticed, which is considered the
result of the –C=O, linked to AT, via coordination
bonding. Since these kinds of –C= O groups
are mostly located at the interior parts of MIP
particles, they are not as strong as the bands
at ∼1721cm−1. The observations show that MIP
washing and AT removal result in considerable
reduction of the vibration band height of the
–C= O coordinated to AT. These observations
and examined evidences prove the presence and
efficient interaction of the selective recognition

sites in the MIP particles which are produced in
the course of the imprinting procedure.
Morphology of samples
Fig. 2 shows the scanning electron microscopy
(SEM) image of nano-sized MIP. The sizes of the
synthesized polymer particles are at nano-scale
range. The SEM images represented in Fig. 2
show the MIP particles produced via suspension
polymerization in silicon oil.
As illustrated in these images, it is possible to
obtain real nano-sized MIP particles (around 80
nm) with approximately spherical shapes, through
the methods and techniques presented and
discussed in this study.
Thermo gravimetric analyze
Fig. 3 shows the TGA thermograms of nanosized MIP. The thermogram of pure nano-sized
MIP shows that the mass loss begins at around
60◦C and continued up to 90◦C and stable up to
230°C. An abrupt weight loss for nano-sized MIP
was observed at 310°C . The initial mass loss is due
to the loss of water molecules, the next mass loss
can be attributed to the loss of nano-sized MIP
chain degradation.

Fig. 2: Scanning electron microscopy images of the nano-sized AT imprinted polymer.
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Fig. 2: Scanning electron microscopy images of the nano-sized AT imprinted polymer
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Fig. 3: TGA thermograms of nano-sized MIP.

concentration of amitriptyline. Hum. Exp. Toxicol. 26: 667–
CONCLUSIONS
3: TGA
thermograms670.
of nano-sized MIP
The nano-sized AT imprinted Fig.
polymer
particles
[3] Yazdi A. S., Razavi N. S., Yazdinejad R., (2008), Separation
were synthesized using suspension polymerization
and deter- mination of amitriptyline and nortriptyline by
in silicon oil and characterized by FT-IR, SEM and
dispersive liquid– liquid microextraction combined with gas
TG methods. FT-IR results and examined evidences
chromatography flame ionization detection. Talanta. 75:
1293–1299.
prove the presence and efficient interaction of the
[4] Esrafili A., Yamini Y., Shariati S., (2007), Hollow fiberselective recognition sites in the MIP particles
based liquid phase microextraction combined with highwhich are produced in the course of the imprinting
performance liquid chroma- tography for extraction and
procedure. As illustrated in SEM images, it is
determination of some antidepressant drugs in biological
possible to obtain real nano-sized MIP particles
fluids. Anal. Chim. Acta. 604: 127–133.
[5] Del Blanco S. G., Donato L., Drioli E., (2012), Development of
(around 80 nm) with approximately spherical
molecularly imprinted membranes for selective recognition
shapes, through the methods and techniques
of primary amines in organic medium. Sep. Purif. Technol.
presented and discussed in this study.Thermal
87: 40-46.
analyzes indicated that, an abrupt weight loss for
[6] Gao D., Zhang Z., Wu M., Xie C., Guan G., Wang D., (2007),
nano-sized MIP was observed at 310 °C .
A surface functional monomer-directing strategy for highly

ACKNOWLEDGEMENT
The authors express gratitude and thanks to Islamic
Azad University and the Iranian Nanotechnology
Initiative for supporting this study.
CONFLICT OF INTEREST
The authors declare that there is no conflict of
interests regarding the publication of this manuscript.
REFERENCES

[1] Manzo R. H., Olivera M. E., Amidon G. L., Shah V. P., Dressman
J. B., Barends D. M., (2006), Biowaiver monographs for
immediate release solid oral dosage forms: Amitriptyline
hydrochloride. J. Pharm. Sci. 95: 966-973.
[2] Margalho, C., Barroso, M., Gallardo, E., Monsanto, P., Vieira,
D. N., (2007), Massive intoxication involving unusual high

Int. J. Nano Dimens., 8 (2): 182-186, Spring 2017

dense imprinting of TNT at surface of silica nanoparticles. J.
Am. Chem. Soc. 129: 7859–7866.
[7] Pérez-Moral N., Mayes A. G., (2007), Molecularly imprinted
multi-layer core-shell nanoparticles-A surface grafting
approach. Macromol. Rapid Commun. 28: 2170–2175.
[8] Andaç M., Mirel S., Şenel S., Say R., Ersöz A., Denizli A.,
(2007), Ion-imprinted beads for molecular recognition
based mercury removal from human serum nt. J. Biol.
Macromol. 40: 159–166.
[9] Le Noir M., Lepeuple A. S., Guieysse B., Mattiasson
B., (2007), Selective removal of 17b-estradiol at trace
concentration using a molecularly imprinted polymer.
Water Res. 41: 2825–2831.
[10] Tang Y.-W., Fang G.-Z., Wang S., Li J.-L., (2011), Covalent
imprinted polymer for selectiveand rapid enrichment of
ractopamine by a noncovalent approach. Anal. Bioanal.
Chem. 401: 2275–2282.
[11] Shi X., Liu J., Sun A., Li D., Chen J., (2012), Group-selective
enrichment and determination of pyrethroid insecticides

185

S. Khanahmadzadeh and A. Tarigh

in aquaculture seawater via molecularly imprinted solid
phase extraction coupled with gas chromatographyelectroncapture detection. J. Chromatogr. A. 1227: 60–66.
[12] Hu X., Dai G., Huang J., Ye T., Fan H., Youwen T., Yu Y.,
Liang Y., (2010), Molecularly imprinted polymer coated
on stainless steel fiber for solid-phase microextraction
of chloroacetanilide herbicides in soybean and corn. J.
Chromatogr. A. 121: 75875–5882.
[13] Hu X., Cai Q., Fan Y., Ye T., Cao Y., Guo C., (2012), Molecularly
imprinted polymer coatedsolid-phase microextraction
fibers for determination of Sudan I–IV dyes in hotchilli
powder and poultry feed samples. J. Chromatogr. A. 1219:
39–46.
[14] Xu Z., Hu Y., Hu Y., Li G., (2010), Investigation of ractopamine
molecularly imprintedstir bar sorptive extraction and
its application for trace analysis of 2-agonistsin complex
samples. J. Chromatogr. A. 1217: 3612–3618.
[15] Hu Y., Li J., Hu Y., Li G., (2010), Development of selective
and chemically stable coatingfor stir bar sorptive extraction
by molecularly imprinted technique. Talanta. 82: 464–470.
[16] Djozan D., Farajzadeh M. A., Sorouraddin S. M., Baheri

186

T., (2012), Molecularly imprinted-solid phase extraction
combined with simultaneous derivatization anddispersive
liquid–liquid microextraction for selective extraction and
precon-centration of methamphetamine and ecstasy
from urine samples followed bygas chromatography. J.
Chromatogr. A.1248: 24–31.
[17] Nie F., Lu J., He Y., (2005), Determination of indomethacin
in urine using moleculeimprinting-chemiluminescence
method. Talanta. 66: 728–733.
[18] Feng L., Liu Y., Tan Y., (2004), Biosensor for the
determination of sorbitol based onmolecularly imprinted
electrosynthesized polymers. Biosens. Bioelectron. 19:
1513–1519.
[19] Alizadeh T., Amjadi S., (2011), Preparation of nano-sized
Pb2+ imprinted polymer and its application as the chemical
interface of an electrochemical sensor for toxiclead
determination in different real samples. J. Hazard. Mater.
190: 451–459.
[20] Alfeel F., Awad F., Qamar F., (2014), Determination of
porous Silicon thermal conductivity using the “Mirage
effect” method. Int. J. Nano Dimens. 5: 267-272.

Int. J. Nano Dimens., 8 (2): 182-186, Spring 2017

