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ABSTRACT

The molecular imprinting technology was used to synthesize vinyl functionalized multiwalled carbon nanotube
imprinted polymer for thymine. The imprinted and non-imprinted polymers are characterized by using infrared
spectrophotometer, thermo gravimetric analysis, x-ray diffraction analysis, transmission electron microscopy, and
scanning electron microscopy. The adsorption behaviour was evaluated as a function of initial concentration, time,
mass and solvent. The selectivity of the polymers evaluated with structurally similar analogues like 5-fluoro uracil
and thymine. The approach would open the new opportunity to design of polymers with selective recognition
properties.
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INTRODUCTION

Molecular imprinting is a technique to create templshaped cavities in the polymer matrices wiehrttemory of
template molecule. Molecularly imprinted polymeree gighly selective towards the recognition sitdhe

polymerization is carried out monomers with theesgle template molecules in the normal conditiéfier the

polymerization the template molecule is removednfrpolymer matrix and leaving behind the cavity whis

created by the template molecule. The template entdedesigns the structure, shape and the selaetdognition
of the polymeric material. Imprinted polymer pos&sspotential application in the field of sensorsnune assay,
catalysis and drug delivery etc [1-5]. The coni@rdl bulk method of polymerization possesses nunudfe
disadvantages such as slow kinetic binding timegerbgeneous binding sites, poor accessibility evhate
molecules etc [6-9]. In order to overcome theseblgrmm scientists have made to effort to prepare stanctured
imprinted polymers with silica and multiwalled natbes are the supporting materials. The impriqpgmer is

layered on the surface of a solid support monodiperis take place as a result which improve theessibility of

the template molecule and vanish all the disadgastpossessed by the conventional method.

Multiwalled carbon nanotube (MWCNT) has widespra#tention for their high electrical and thermal doaotivity
properties. MWCNT with unique mechanical propertiesl extremely large surface area should be anllerte
candidate as the supported material, which wouttbenimprinted polymer with large surface area # tmprinted
polymer were prepared onto the surface of MWCNTusTtihe binding sites in the outer layer would iaver the
accessibility of template molecule and reduce thdibg time.

The main intension of this work was the direct @repion and characterization of molecularly impthpolymers

on multiwalled carbon nanotubes (MWCNT MIP) withripyidine analogue thymine as template that coulolash
molecular recognition properties very greatly [H]}-1Techniques such as Fourier transform infrared-IR)
spectroscopy, Transmission electron microscopy (T, EBtanning electron microscopy (SEM), and Thermo
gravimetric analysis (TGA) were used to confirm themation of imprinted polymer on MWCNT.

26
Scholars Research Library



Jeena Abraham, and Beena Mathew Euro. J. Appl. Eng. Sci. Res., 2014, 3 (3):26-33

MATERIALS AND METHODS

Materials

MWCNT, ethylene glycol dimethacrylate (EGDMA), a2d 2’ azoisobutyronitrile (AIBN) were purchased rfro
Sigma-Aldrich (Germany). Thionyl chloride (SQY| dimethlysulfoxide (DMSO), dimethylformamide (DMF
tetrahydrofuran (THF), triethylamine (TEA) were aited from Merck (Germany). Triethylamine (TEA) and
methacrylic acid (MAA) were obtained from SRL, Iadb-Fluoro uracil, thymine and uracil were purathfom
Sigma-Aldrich (Germany) and used as received.

Methods

Absorption spectra of 5-FU, thymine and uracil wereorded by Shimadzu UV-Vis 2450 spectrophotoméike
FT-IR studies were carried out using Perkin-Elmgecsrum 400 FT-IR spectrophotometer. X-Ray difiogcam
which was recorded by PAN analytic XPERT-PRO. Therphology was investigated by scanning electron
microscopy (SEM) using a JEOL-JSM-6390 and JEOL-GHNO transmission electron microscope.

Functionalization of multiwalled carbon nanotube

Crude carbon nanotube (0.05 g) is suspended inl66fraon HNG; in a round bottom flask under sonication with
10 minutes. After that the mixture was refluxed &6fC for 16 h. Cooled the mixture at room temperaamd
filtered through membrane and washed with digtildater till the pH reached to neutral. The salab dried under
vacuum for 24 h and obtained solid is carboxyl fiomalized multiwalled carbon nanotube (MWCNT-COOQOH)

The MWCNT-COOH (0.04 g) was treated with thionylarine for undergoing acylation. The mixture isluged at
80 °C for 20 h using chloroform as the solvent. As tlfiuxion is completed the solid was washed sevimats
with tetrahydrofuran in order to remove the exct#senyl chloride. Then the solid was dried undecwam,
obtaining the acyl functionalized carbon nanotub&/@NT-COCI. The acyl functionalized MWCNT (0.04 @ i
treated with allyl alcohol and triethyl amine iretpresence of 4-DMAP as catalyst. The mixture fisixed 50°C
for 24 h. After that the solid is washed with THHltered and dried under vacuum, obtaining vinyhdtionalized
MWCNT (MWCNT-CH=CH,).

Synthesis of molecularly imprinted polymer on MWCNT

The polymerization was carried out by radical payimation. Here thymine, methacrylic acid, AIBN wased as
template, functional monomer and initiator respetyi. The MWCNT-CH=CHis mixed with the solvent mixture,
chloroform and acetonitrile in a round bottom flagiurged with nitrogen and subjected to sonicafion 10
minutes. Then thymine and MAA in acetonitrile wakled to this mixture, initiator AIBN was also add&dhis
mixture was refluxed at 78 for 10 h. The product was collected and washigd acetonitrile until no thymine
was detected in the eluent. The polymer was driedeuvacuum for 24 h. For the comparison the cotiweal
imprinted polymer was synthesized without addingcfionalized MWCNT and also the non-imprinted pofym
for both new and conventional methods were alsdhggized with and without adding functionalized atabe
(Table 1).

Table 1: Preparation of polymers

Polymer MAA (mmol) E(gmc/)ll? Thymine (mmol) | AIBN (g) MWCNT(;JC)ZH=CH 2
MWCNT MIP 0.025 1.25 0.05 0.01 0.02
MWCNT NIP 0.025 1.25 0.00 0.01 0.02

MIP 0.025 1.25 0.05 0.01 0.00
NIP 0.025 1.25 0.00 0.01 0.00

Adsorption characteristics

The adsorption characteristics of thymine were rd@teed by batch experiments. The adsorption isather
adsorption kinetics and selectivity of the improhtand non-imprinted polymers were examined. Thalibgum
concentration of the thymine after the treatmerd enaalyzed by UV-vis. spectroscopy. The adsorptapacity was
calculated using the equation.

Co—Ce
M

Q = XV (1)

Where Q (mg/g) is the amount of total adsorptiothgfmine, G and G are initial and equilibrium concentration of
thymine in solution (mg/L), respectively. V (mL) tise volume of the solution and M (g) is the weightmprinted
and non imprinted polymers.
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The dependence of adsorption characteristics ondheentration was estimated. The different inttimhcentrations
in the range 1.6 - 2.2 xTOmg/L were prepared. Stirred well and collected sernatant and equilibrium
concentration of solution was determined. The guigmr capacity was determined using above equafltr
adsorption kinetics was determined for the impdraed non-imprinted polymers at concentration 220% mg/L
for different time intervals. The adsorption capagias also determined.

The effect of change in polymer amount was studigdvarying the amount of polymer used for templat
rebinding. The effect of various solvents on theoxery of thymine was also determined. The vari@ugnts used
are methanol, acetonitrile and chloroform.

The selectivity experiments were carried out usitngcturally similar pyrimidine analogues like 5o uracil and
uracil. The binding capacity was calculated usimg above equation. The selectivity factey Which is the ratio
between the amount of template and the amounteofdmplate analogue bound on the polymer and ulediéd
using the equation.

Separation factor =a empiate =Kmip /Knip

K = template bound / template free
Selectivity factor = a wempiate / @ analogue

RESULTS AND DISCUSSION

Thymine imprinted and non-imprinted polymers witidavithout MWCNT were preparedhe vinyl functionalized
carbon nanotube is used for selective polymerinatidth MAA and thymine which is the functional maner and
template respectively for introducing the imprinfgalymer on vinyl group incorporated MWCNT. The gyesized
polymers were characterized by the following chedzation techniques.

Fourier transform infrared spectroscopy (FT-IR)

The synthesized polymers were characterized usimpitant spectroscopic tool like FT-IR [16-17]. Thiayl
functionalized carbon nanotube MWCNT-CH=Ckhowed a sharp peak at 1729 crwhich is the stretching
vibration of C=0 group of the ester group formedadlylation. The absorbance at 1634 tim C=C stretching
vibration. From the result it is clear that thewigroup is successfully introduced on the surfatenulti walled
carbon nanotube. In the imprinted polymer the nchiaracteristic peaks are at 3610, 11280 ,,41139 cm* which
correspond to O-H, C=0 and C-O symmetric and asymengtretching vibrations of the incorporated ftiooal
monomer methacrylic acid and crosslinking agent B2D In MWCNT-imprinted polymer all these peaks are
present which confirm the presence of the impritéger on the surface of vinyl functionalized MWCNT
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Figure 1. FT-IR spectra of MWCNT CH=CH,, MWCNT-imprinted polymer and imprinted polymer

Thermogravimetric analysis

The thermal stability of the synthesized polymeswesatimated by thermogravimetric analysis. Figush@ws the
TG curves of MWCNT, MWCNT-imprinted polymer and inmged polymer respectively. The crude multiwalled
carbon nanotube is stable without any weight Ipstau600°C. But MWCNT-imprinted polymer was steady up to
260°C when the temperature was increased the wrapged d& polymer is degraded which shows the weighs |
and then increase the temperature #Béhere is no weight lost. The results cleared tbatparison with MWCNT
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and MWCNT-imprinted polymer 50 % of weight lost whappen in MWCNT-imprinted polymer. This loss is
because of the polymer layer grafted on the surffcBIWCNT. Also compared with conventional impridte

polymer the weight loss in MWCNT-imprinted polymir low and obviously MWCNT-imprinted polymer is
thermally stable than conventional one.
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Figure 2. TGA of MWCNT, MWCNT-imprinted polymer and imprinted polymer

X-ray diffraction analysis

The XRD pattern of the MWCNT, MWCNT-imprinted polgmand imprinted polymer are shown in the Figure 3.
In MWCNT the important graphitic peak is observed002) of MWCNT at 2 theta value 28.8ut in the case of
MWCNT-imprinted polymer the number of peaks are@ased due to the grafting of imprinted layer anghrface.
The diffraction peaks at 2672, and 88 from MWCNT-imprinted polymer are assigned. In ttese of imprinted
polymer no peak is observed only the broad halorphaus peak.
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Figure 3. XRD pattern of MWCNT, MWCNT-imprinted pol ymer and imprinted polymer

Figure 4. TEM photographs of the MWCNT and MWCNT-imprinted polymer

Transmission electron microscopy
The structure of MWCNT and MWCNT-imprinted polymare morphologically revealed by TEM. In MWCNT,
thread like structure is observed. Obviously thaults clear that MWCNT-imprinted polymer shows #uecessful
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grafting of imprinted layer on the surface of MWCMhereas in unfunctionalized MWCNT, no polymer tauz
is observed.

Scanning electron microscopy

This result could be used as a support for theessfal incorporation of imprinted polymer layer the surface of
MWCNT. Furthermore, the surface of the MWCNT-impeih polymer was thick due to the covering by the
EGDMA-crosslinked methacrylic acid polymer.
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Figure 5. SEM photographs of the MWCNT and MWCNT-imprinted polymer

Adsorption characteristics

Adsorption isotherm

The adsorption characteristics were investigatedodtgh experiments. The maximum adsorption capaeiy
observed with the initial concentration 2.2 x“1g/L. The results cleared that as the initial comegion is
increased the adsorption capacity is also increasgdoncentration of thymine solution increasés, ¢avities in
the imprinted polymer traps the template molecualgilg making efficient adsorption of the templatelecule. In
the case of non-imprinted polymers the adsorpt®oweary low because of the unavailability of sucmpiinted
cavities.

Langmuir and Freundlich adsorption isotherms weseduto evaluate the adsorption characteristicsgiiair
model is represented as follows

_ ambCe
4. 1+hi, 2)

The above equation can be rearranged to the follplimear form:

Ce = Lo o 1 (3)
Qg Am bay

Freundlich equation used is:
1
logg, = ~log G +logKe (4)

Where Gis the equilibrium concentration, the amount of uracil adsorbed at equilibriurg, i the amount of
thymine adsorbed for a complete monolayeis b constant related to the energy or net enthadmorption. The
sorption data were analyzed using the linear fofrthe Langmuir isotherm. The plots of specific sap, GJ/qk,
against the equilibrium concentration, I6r MWCNT-imprinted polymer are shown in Figure Bhe correlation
coefficient (R) is 0.9933. It can be confirmed that the thymiagton by MWCNT-imprinted polymer follow the
Langmuir model with the maximum sorption capacitgligle 2).

Table 2. Langmuir and Freundlich constants for soption of thymine

Langmuir isotherm Freundtih isotherm
Q.(mmol/g) | b (molig)] R Ke n (mmol/g)
356.2 0.056 0.9933 16.32 1.90 0.84
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Figure 6. Effect of initial concentration on the asorption imprinted and non- imprinted polymers, Langmuir isotherm of MWCNT-
imprinted polymer

Adsorption kinetics

The adsorption kinetics of thymine was investigaasdfunction of time. The initial concentrationtbe standard
solution was 2.2 x I0mg/L. The adsorption of template thymine is haghnitial stage and after 130 minutes it
reaches saturation. In order to analyze the atisarpf thymine onto the surface of polymers, aosekcorder (5)
model is employed.

T 1 T

=4 o )

at koag S

Where g and q are the amounts of thymine adsorbed (i @n the adsorbent at the equilibrium and at time t
respectively. k(g mg* min™) is the adsorption rate constants apsvss obtained from plotting (t)oversus t by the
second-order approach. As seen from Figure 7,dhelation coefficient (B given by the kinetic model is 0.9988.
Obviously, the second-order kinetic model showsadgcorrelation for the adsorption of thymine males on
MWCNT-imprinted polymer. The adsorption kinetic stemts and linear regression values are summariZeable
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Figure 7. Effect of time on the adsorption imprined and non-imprinted polymers and second order kietics of MWCNT-imprinted
polymer

Table 3. Kinetic parameters of the rate equation fothymine adsorption onto MWCNT-MIP

Kinetics k R?
First order kinetics 0.1034 0.964
Second order kinetics  5.4509  0.9988

ol

Amount of polymer

The optimization of synthesized polymer was inyggéd by changing the amount of polymer. Differmbunts of
polymer, ranging from 10-50 mg was taken. The cotregion of the template solution was kept atI8’ mg/L.
Obviously with increasing amount of polymer the@gtion capacity also increased (Figure 8).
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Figure 8. Effect of amount of polymer on the adsorfion of imprinted and non-imprinted polymers

Solvent Effect

The effect of solvent on thymine adsorption was ateted. Acetonitrile is the best solvent to eltligmine.
Chloroform also successfully retained thymine frimprinted polymer, and recovery values were sattefy due
to non-polar aprotic properties. The polar methalisturbed the elution which leads to elution vieny. In view of
the above, acetonitrile was selected as the elgtdvent for eluting thymine from the imprinted ypwlers (Figure
9).

800

CIMWCNT MIP 7
mmMIP
. MW CNT NIP
600 - mmm NIP

Methanol Chlorofom Acetonitrile

Figure 9. Effect of eluents on the adsorption of imprinted ad non-imprinted polymers

Evaluation of selectivity

Figure 10 shows the selective thymine binding prigpef imprinted polymers compared with structlyaimilar
pyrimidine analogues like 5-fluoro uracil and utadilere the adsorption capacity is maximum for imizd
polymers than non-imprinted polymers. The adsomptiapacity of thymine imprinted polymer is greatsan that
of other pyrimidine analogues. The other two pydimé analogues show the adsorption capacity sirtolahat of
non-imprinted polymer. This is attributed to thenrgpecific adsorption of other analogues. The ah®seilts
suggest that MWCNT-imprinted polymer for thymineogls maximum adsorption and highly selective anctifipe
towards thymine. The selective determination depadtwo factors. One of the important factor is tlinctional
group which leaving behind the imprinted matenehjch can interact with the specific template malecstrongly.
The other part is the size and shape leaving bethiedmprinted material which recognizes the spe¢émplate
during the rebinding process.

800
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Figure 10. Selectivity studies of thymine with 5-fluoro uraciland uracil
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Table 4. Separation factor and selectivity factor

i Selectivity factor | Selectivity factor
Sefgiigyon Separation factor | Separation factor ':(Thy- . 'I'I'hy- )
Polymer (@) (o) (@) = ymime | ymine
of Thymine of 5-FU of Uracil O _py Wyyracil
MWCNT-MIP 511 112 1.01 4.56 5.05
MIP 3.13 1.10 1.00 2.84 3.13

The separation and selectivity factors calculamdMWCNT- imprinted polymer and normal imprintedlyroer
showed that MWCNT-supported imprinted polymer hiagh lseparation factor for the template thymine tbapU
and uracil, the structural analogues of thymineb(&a). The normal imprinted polymer showed |lesiedivity
characteristics compared to the imprinted systemMMWCNT. This suggests that the synthesized MWCNT-
imprinted polymer can effectively separate thynfioen a mixture of closely related compounds.

CONCLUSION

The thymine imprinted polymer on MWCNT was syntzedi and characterised with the conventional imednt
and corresponding non-imprinted polymers. The s3gitted polymers were characterized by FT-IR, TGRDX
TEM and SEM characterization techniques. These nigales confirmed that imprinted polymer layer is
successfully grafted on the surface of vinyl fuoktilized MWCNT. The adsorption characterizationegded that
MWCNT-imprinted polymer adsorbed more thymine tleanventional imprinted polymer. The adsorption ligom
obeys Langmuir model suggesting monolayer distigoubdf polymer on the surface of MWCNT. In the agidimn
kinetic data are in agreement with second ordegtlda.  The selectivity characteristics of timpiinted polymer
tailored on the MWCNT are superior to the convamdidmprinted polymer. All these results suggest tholecular
imprinting on MWCNT could improve the adsorptiordaselectivity characteristics of imprinted polymers
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