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ABSTRACT

In this paper, a new water-compatible nano-molecularly imprinted polymer (MIP) of tartra-
zine with high-efficiency and a non-imprinted polymer (NIP) were synthesized by precipita-
tion polymerization in aqueous medium as a green method and were characterized. Acryl
amide and N,N´-methylene-bis-acrylamide were used as functional monomer and cross-
linking agent, respectively. The synthesized MIP and NIP were characterized using thermal
gravimetric analysis, differential scanning calorimetry, scanning electron microscopy, and
fourier transform infrared spectroscopy. The MIP as a selective sorbent and the NIP as a
blank were used to remove tartrazine, using solid-phase extraction from water environment.
The effects of pH, time, MIP dosage, and tartrazine concentration on removing tartrazine
were studied. The results show that the obtained MIP exhibits higher affinity for tartrazine.
The imprinting-induced extraction was confirmed by determination of recovery values for
NIP (8%) and MIP (91%). The binding capacity of MIP for this template was 147.6mg g−1.

Keywords: Nano-molecularly imprinted polymers; Tartrazine removal; Solid-phase
extraction; Non-imprinted polymer; Water environment; Green synthesis

1. Introduction

Water-soluble dyes are commonly used as coloring
agents in a variety of products, such as foodstuff, tex-
tile, and plastics. Some of these dyes used in the food
industry have acceptable daily intake (ADI) values
that are strictly controlled by laws and regulations in
various countries [1]. The dyes present in water, even

at very low concentrations, are highly visible, undesir-
able, and some of them are difficult to degrade
because of their complex structures.

Owning to large-scale production and increase of
applications, these dyes have caused serious water
environmental pollution. Nowadays, because of these
problems, it is urgently required to develop highly
selective and sensitive methods to determine or remove
water-soluble dyes in water and waste water [2].
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Tartrazine (FD and C Yellow No. 5, C.I. No.19140/
1980 and Food Yellow No. 4) is chemically the
trisodium 5-hydroxy-1-(4-sulfonatophenyl)-4-(4-sulf-
onatophenylazo)-H-pyrazol-3-carboxylate. It is a water-
soluble powder which is widely used in food products,
drugs, cosmetics, and pharmaceuticals [3,4]. The ADI
per person is 0–7.5 mg kg−1 body weight [1,5].

Tartrazine is found as a food additive in the fol-
lowing foodstuffs: soft drinks, instant puddings, fla-
vored chips, custard powder, soups, sauces, ice cream,
candy, chewing gum, marzipan, jam, jelly marmalade,
mustard, yogurt, and many convenient foods, includ-
ing glycerin, lemon, and honey products. Soaps, hair
products, moisturizers, crayons, stamp dyes, vitamins,
antacids, and medicinal capsules also can contain tar-
trazine. It appears to cause the most allergic and/or
intolerance reactions of all the azo dyes, particularly
amongst those with an aspirin intolerance and asth-
matics. Tartrazine sensitivity is mainly manifested by
urticaria. Other reactions can include migraine,
blurred vision, and itching [6–10].

In order to remove tartrazine from water, several
adsorbents were used, such as polystyrene anion-
exchange resins [6], hen feathers [11], and magnetic
molecularly imprinted polymer (MIP) [12]. Molecu-
larly imprinting is a convenient and powerful tech-
nique for preparing polymeric materials with artificial
receptors. The technique of MIP is based on the
molecular memory of the substrate to be recognized
(template) and memorized in polymeric materials dur-
ing their preparation. Subsequently, the extraction of
the template from the polymer gives specific recogni-
tion sites. The polymer which contains sites with high
affinity for the template has different applications [13–
16]. There is a dearth of MIP synthesized for the
removal and extraction of dyes from water environ-
ment reported in the literature [1,12,17]. Coupling MIP
and solid-phase extraction (SPE) would make it possi-
ble to combine the advantages of both molecular rec-
ognition and traditional separation methods. The SPE
method has several advantages including, faster, more
reproducible, and cleaner extraction [13]. Molecularly
imprinted polymer solid-phase extraction (MISPE) is a
well-recognized technique for the selective extraction
and the pre-concentration of the analytes present at
low levels in chemically complex samples [18]. MISPE
not only lets the analytes to be pre-concentrated, but
also lets the other compounds present in the sample
matrix to be removed [19,20]. It is important to control
the particle size of sorbent for different applications,
such as selection and separation. The disadvantage of
bulk-method polymerization for synthesis of MIP is
that the obtained polymer has to be crushed. Then,
the irregular particles generally exhibit low-separation

efficiency for target molecules, but precipitation poly-
merization causes the uniformly sized polymers [21].

In this paper, a new nano-MIP of tartrazine and a
non-imprinted polymer (NIP) were synthesized by
precipitation polymerization in aqueous medium as a
green method and characterized. MIP was synthesized
with a mole ratio of template to monomer (1:2). Acryl
amide and N,N´-methylene-bis-acrylamide were used
as functional monomer and cross-linking agent,
respectively. The synthesized MIP and NIP were char-
acterized using thermal gravimetric analysis (TGA),
differential scanning calorimetry (DSC), scanning elec-
tron microscopy (SEM), and fourier transform infrared
spectroscopy (FT-IR). The MIP and NIP were used to
remove tartrazine using solid-phase extraction. The
effects of pH, time, MIP dosage, and tartrazine
concentration on tartrazine removal were investigated.

2. Experimental

2.1. Materials

Tartrazine sodium chloride with purity of 98% was
used as a yellow powder, freely soluble in water, and
was purchased from the ministry of health and medi-
cal education (Tehran, Iran). Acryl amide (AA), N,N
´-methylene-bis-acrylamid, potassium persulfate (KPS),
and other chemicals were of analytical reagent grade
and obtained from Merck (Germany).

2.2. Synthesis of MIP and NIP

The schematic representation of tartrazine imprint-
ing/removal from the imprinted polymer is shown in
Fig. 1. The MIP of tartrazine was prepared by non-
covalent approach. The mole ratio of template/func-
tional monomer was 1:2. In a typical preparation, Tar-
trazine (1mmol, 0.265mg) as the template and AA (2
mmol, 0.07mg) as the functional monomer were dis-
solved, in 40ml of distilled water and the solution was
stirred for 2 h to preorganize. N,N´-methylene-bis-
acrylamide (10mmol, 0.77 mg), as a cross-linking
agent, was added to the mixture and was then dis-
persed uniformly by sonication. After sonication, the
mixture was purged with N2 for 10min and the glass
tube was sealed under this atmosphere. The reaction
initiator KPS (0.185mmol, 0.025mg) was added to the
reaction mixture. Afterwards, the glass tube was stir-
red in a water bath maintained at 70˚C for 22 h. The
produced polymer was filtered using a centrifuge. The
obtained particles were washed with hot distilled
water/ammonia solution (8:2, v/v), and followed by
extraction in soxhlet apparatus using hot water for 2 d.
The complete removal of tartrazine was investigated
by a UV-vis spectrophotometer (PERKIN–ELMER) at
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428 nm until the tartrazine spectra disappeared. The
template extraction from the polymer created selective
cavities. The NIP was also exactly synthesized with the
same procedure. Excluding the tartrazine template
from the formation synthesis of NIP, is to verify that
the retention of template was due to the molecular rec-
ognition sites and not non-specific binding.

2.3. Characterization

FT-IR spectra of ground polymers were recorded
to study functional groups (Bruker model EQUINOX
55). The thermal analysis of the polymer was carried
out on model PL-STA-1500 TGA and DSC instruments
from Polymer Laboratories’ Company (Church Stret-
ton, Shropshire, UK). SEM was used to study the mor-
phology of polymer particles (SEM; Philips XLC) and

dynamic light scattering (DLS) were used to show the
particle size and size distribution(Malvern Zetasizar
ZS, Malvern UK).

2.4. Batch binding assay (adsorption and desorption)

In order to measure the template binding, adsorp-
tion of tartrazine from aqueous solution was investi-
gated in batch experiments. The general procedure for
the extraction of tartrazine was as follows: In adsorp-
tion step, 100mg of imprinted polymer particles was
added into a 10ml aqueous solution of tartrazine, with
a concentration of 3 × 10−5 M. The pH was adjusted at 2.
The mixture was stirred continuously at 25˚C for 1 h,
and then centrifuged. Then the concentration of free tar-
trazine was determined by UV–vis spectrophotometer.
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Fig. 1. Schematic synthesis of MIP.
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The instrument response was periodically checked
with the known tartrazine standard solution. Percent-
age of tartrazine extraction was calculated from the
following equation [13]:

Extraction ð%Þ ¼ Ci � Cf

Ci
� 100 (1)

where Ci and Cf are the concentrations of tartrazine
before and after extraction procedure, respectively.
The tartrazine was desorbed from the MIP by treat-
ment of 10ml of hot water and ammonia solution (8:2,
v/v) with continuously stirring at 70˚C for 1 h. The
final desorbed tartrazine concentration in the aqueous
phase was determined. The same procedure was also
carried out for NIP particles.

3. Results and discussion

3.1. Characterization of MIP and NIP

The FT-IR spectra of non-washed and washed MIP
and washed NIP were studied at 4,000–400 cm−1. Simi-
lar characteristic peaks indicate the similarity between
the backbone structures of the different polymers. A
strong peak at ~1,675–1,678 cm−1 attributed to the

vibration mode of C=O was observed in the FT-IR
spectra of the washed blank (NIP), non-washed and
washed MIP. As a result of the hydrogen bonding
with the –NH2 group of AA, the binding vibration at
3,436 and 1,372 cm−1 in non-washed MIP were shifted
to 3,441 and 1,386 cm−1 in the washed MIP. A sharp
peak in 1,034 cm−1 shown in non-washed MIP is
related to –SO3H of tartrazine, which disappears in
washed MIP spectra.

The TGA plot of non-washed and washed MIP
and washed NIP was shown in Fig. 2(a). The TGA
revealed two decomposition states in non-washed MIP
particles: one mass loss starting at near 85˚C which is
ascribed to the decomposition of free monomer and
the other one starting at 250˚C is related to the tartra-
zine decomposition at the melting point. All the mate-
rials were completely decomposed before reaching the
temperature of near 400˚C.

Fig. 2(b) shows the DSC plot of non-washed and
washed MIP and NIP. It shows two melting point
steps which have occurred in MIP and NIP. The first
one is near 85˚C, which is related to monomer and the
second one is observed near 400˚C, which is associ-
ated to the decomposition of polymer. One more melt-
ing point step has occurred in non-washed MIP near
250˚C, which is related to tartrazine.
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Fig. 2. (a) TGA plot and (b) DSC plot of polymers.
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SEM was employed to establish the shape and sur-
face morphology of the produced polymer particles.
The polymer particles were sputter coated with gold.

As can be seen in Fig. 3(a) the porous surface
could be clearly observed for the MIP. Microphoto-
graph of MIP particles in 30,000 ×magnification shows
that the sizes of particles are in nano-scale which is
illustrated in Fig. 3(b).

Particle size measurements were performed by
DLS analysis. Narrow particle size distributions were
observed for MIP in Fig. 3(c). The poly dispersity
index and Z-average for MIP were 0.176 and 73,
respectively. These results show that the particle sizes
are in nano-scale.

3.2. Optimization of MIP composition

Several variable experimental parameters influence
the characteristic of the MIP in terms of capacity,
affinity, and selectivity towards the analyte. These
parameters include, mole ratio of monomer to tem-
plate, nature of cross-linker and solvent, polymeriza-
tion method, and temperature effect [22].

The first step was to obtain the best mole ratio of
functional monomer to template. In most cases, find-
ing an appropriate mole ratio of components is one of
the most important primitives to enhance the affinity
between polymers and template, which results in the
increase of the number of MIP recognition sites. The
prepolymerized complex concentration can be

Fig. 3. Scanning electron micrographs of (a) porous surface in 15,000× magnifications, (b) particle size of washed MIP in
30,000× magnification and particle size distribution of MIP, and (c) measured by DLS.
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increased by incrementing the concentration of tem-
plate, and this increase does not influence the polymer
structure. The template is incorporated into the final
polymer by non-covalent interactions and removed
after the completion of the imprinting process. How-
ever, high ratios of functional monomer to template
should result in an increase in non-specific affinity
[23]. Because of the mentioned reason and the number
of functional groups in a monomer and template we
select the mole ratio of 1:2 (template/monomer) in our
work to prevent non-selective interaction between
monomers.

Solvent plays an important role in the formation of
porous structure of the MIP. The morphological prop-
erties of porosity and surface areas are determined by
the type of solvent. Porosity arises from phase separa-
tion, from the solvent, and from the growing polymer
during polymerization. The solvent with higher solu-
bility phase, which separates later in the polymeriza-
tion, provides materials with smaller pore size
distributions and greater surface area [23–25]. In MIP
synthesis typically, aprotic polar solvents are used but
polar solvents can also be used. These solvents solvate
the polar functional groups of the monomer, leaving
them exposed at the pore walls after solvent removal
[26]. We use water as solvent in our work, since it is
the greenest and cheapest solvent and also that the
template, monomer, and cross-linking agent have a
good solubility in water.

The preparation of hydrophilic tartrazine MIP was
guided by the sulfonate groups of dye and –NH2 in
monomer. Acrylamide generates the hydrophilic sur-
face, and the cross-linker is also hydrophilic to
improve wetting by water [27].

3.3. Effect of time on MIP extraction

The extraction is increased by the increment of
extraction time up to 120min which had achieved
100% extraction, but 60min is chosen to be the opti-
mum time of extraction, in which maximum selective
extraction occurs (Fig. 4(a)). The obtained MIP was
washed by 10ml of washing eluent mix of water/
ammonia (8:2, v/v) and the results of the desorption
chart are as shown in Fig. 4(b).

3.4. Effect of pH, MIP dosage, and solution concentration
on MIP extraction

Synthesis of MIP often has been applied for small
and neutral template molecules rather than polar mol-
ecules with ionizable group [17]. In this study, we
used a high molar mass and polare template, tartra-

zine, with ionizable sulfonate groups. After polymeri-
zation, it is necessary to optimize the critical factor for
maximum removal.

The pH value has a large influence on the extent
of adsorption of dye from the solution, because it
could influence the properties of the sorbent. Deter-
mining the optimum pH in which the most adsorption
occurs is important to reach the maximum capacity of
polymer. Adsorption of tartrazine was investigated at
pH values of 2, 4, 6, 8, and 10. The effect of pH
adsorption on the recovery percentage of tartrazine is
illustrated in Fig. 5(a). The percentage value of tartra-
zine extraction had increased, when the pH was
decreased to 2. The adsorption could be ascribed to
the interaction between functional groups of polymer
and analyte that are favored by the pH alterations.
The interaction between tartrazine and MIP is caused
by hydrogen bonding and electrostatic interaction
between undissociated amide group on polymer sur-
face and sulfonated groups of the dye [17]. The plot
shows negligible influence on the NIP process.

One of the dependency parameters of the extrac-
tion efficiency could be the certain extent of the poly-
mer dosage used in the experiment. To study this
possible dependence, the extraction of tartrazine from
the solution was investigated at different MIP dosages
(0.01, 0.05, 0.1, and 0.15 g). Maximum efficiency is
achieved at 0.1 g of MIP (Fig. 5(b)).
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Under the optimized condition to achieve better
concentration, calibration curve was obtained by the
protocol measured at increasing concentration, in a
range from 10−5 M to 7 × 10−5 M of tartrazine
(Fig. 5(c)). The result showed good linearity (0.999) in
the range and 3 × 10−5M of tartrazine selected was as
a standard solution.

3.5. Capacity of MIP

The complete characterization of an MIP requires
the measuring of its capacity. The capacity of the sor-
bent is an important factor. The capacity of an MIP

corresponds to the maximum amount of a compound
that can be retained on the MIP in a given condition.
Therefore, the determination of the capacity was car-
ried out by measuring the extraction recoveries on the
MIP for aqueous solution spiked with various amount
of tartrazine [28,29]. To investigate the adsorption tem-
plate, 10 ml of tartrazine solution in different concen-
trations was contacted with 100mg of sorbent in the
batch mode. The concentration of the remaining tartra-
zine in the solution was determined by UV in 428 nm.
According to the results, the maximum amount of tar-
trazine that can be absorbed by MIP was found to be
147.6 mg g−1 at pH 2. Fig. 6 represents the obtained
capacity curve. The results of batch binding assay
were confirmed by determination of recovery values
and obtained to be 8 and 91% for NIP and MIP,
respectively. These results show that the synthesized
MIP is a more porous material than NIP.

3.6. Selectivity coefficient of sorbent

Selectivity coefficient is an important parameter to
evaluate the properties of an MIP. MIPs are usually
evaluated to verify their recognition properties for a
target analyte. For batch rebinding experiments, a
known mass of template in solution is added to a vial
containing a fixed mass of polymer. When the system
has reached the equilibrium, the concentration of free
template in solution is measured and the mass of tem-
plate absorbed to the MIP is calculated [30]. Sunset
Yellow FCF (also known as Orange Yellow S, FD and
C Yellow 6 or C.I. 15985) is a synthetic yellow azo dye
(Fig. 7). It is a food color and offers orange–yellow
color [31]. In our research, to study the selectivity of
MIP; 100mg of MIP was added to 10ml of sunset yel-
low solution with a concentration of 3 × 10−5 M. We
used sunset yellow for selectivity study because of its
similarity in structure and color to Tartrazine. Both of
them are Azo dyes with yellow color. The adsorption
capacity of sunset yellow FCF was obtained 31% for
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MIP and 11% for NIP. Distribution ratio (KD) and
selectivity factor (Ksel) were calculated (Table 1) for
MIP and NIP of Tartrazin and sunset yellow FCF
[13,27]. The results suggest that the MIP of Tartrazin
exhibited excellent selectivity for Tartrazine when
compared to sunset yellow.

4. Conclusion

In this research, high selectivity nano-MIP was
synthesized for tartrazine. The MIP showed high affin-
ity to template since it eliminated the color of the solu-
tion completely and as it is known for removing dyes
from the water environment which is so important.
The synthesis of polymer was carried out in water,
which is the greenest solvent. The effects of pH, time,
tartrazine concentration, and MIP dosage were opti-
mized to remove tartrazine. The results show that
nano-scale MIP was a selective adsorbent to remove
tartrazine from water environment.
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