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Abstract: The purpose of this short review is to presentjéar English, a summary of the principal analytica
considerations pertaining to good practice for abtarization of molecular imprinted polymers (MIP§his
review summarizes the previous and current liteeatvegarding the analytical tools employed for
characterization of synthesized MIPs. It is ourestption that this will facilitate researchers tarptheir own
sophisticated analytical pathway for characterimatif MIPs in a more logical and structured fashiamd to
begin to appreciate the limitations of the presgproaches in this molecularly complex area.
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1. Introduction

Molecularly imprinted polymers (MIPs) are crosskakpolymeric materials that possess huge bindipgaty
and selectivity against a target molecule (templptesent during the synthesis process [1]. MIRshaghly
cross-linked polymeric porous material with spieciBcognition sites in terms of shape, size andtional
groups to the target molecule (template) and capafbinimicking r antibodies and receptors|[2].

In past few years, molecular imprinting technoldmgs been used in many fields of chemistry, biochemi

biotechnology and pharmaceuticals. Given the vilitgahigh recognition and specificity that can aehieved,

the future of MIPs would seem bright. MIPs haverbapplied in the synthesis of receptors for marglydaes

like herbicides, drugs, proteins and toxins, edmg as adsorbents in chromatographic and electrefitio
separation techniques [3].

Some generic analytical techniques, i.e. radioimmagsay [4], chemiluminescenfs, gas chromatography
(GC) [6], high-performance liquid chromatography (HPLOE-MS, combinations of GC-MS, or HPLC-MS,
and morphological techniques like Scanning electnoicroscope (SEM) have been developed for drug
determination. UV-visible spectroscopic analysiElRFand 1H NMR study are commonly used to charaxter
the nature of binding interactions and the exténtamplex formation between functional monomers and
template molecule in solutipf]. Meanwhile, Brunauer—-Emmett-Teller (BET) and Scagnielectron
microscope (SEM) analyses are employed to elucitfegemorphological characteristics. These may pl@vi
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valuable information for the synthesis and appiicabf the MIPs However, these techniques usuayahds
laborious procedures involving isolation, cleanpupconcentration and solid phase or liquid-liquktr&ction,
to concentrate and purify drugs before determinatmd reproducibility of the results is seriousffected by
sample [8].

2. Characterization of Polymers

Crosslinked and macroscopic chain polymers aretipedly difficult to characterize largely on accduwof their
intractable, insoluble nature. Imprinted polymers ao exception. A degree of characterization issjide,
however, we can distinguish between three levelsladracterization: () chemical characterizatioh) (
morphological characterization, and (lll) charaietion of the molecular recognition properties.eTh
molecular recognition aspect has been dealt withemaus times elsewhere, hence we will restrictalues to

a short consideration of the chemical and morphosbgcharacterization aspects, listing a few of the
sophisticated techniques available at the dispaighle analyst and the information that can beaexéd [9].

2.1 Chemical characterization
2.1.1Fourier-transform infra-red spectroscopy (FTIR)

The FTIR spectra of imprinted polymers can be gasdquired e.g. as a KBr disc to extract quanaati
information on the composition of the polymer. Timethod is of particular importance when the différe
chemical fluctuations in the sample (e.g. arisipgthee functional monomer and crosslinker in an imed
polymer) give rise to well resolved, diagnosticrsilg. It is also possible to use FTIR to probe covalent
interactions, e.g. hydrogen bonds.

FT-IR spectra gives the fundamental analytical baseationalizing the mechanisms of recognitioming the
imprinting process which governing interactionsgelective binding spot formation at the molecigael. The
interaction between the monomer and template mtdetuwring pre-polymerization complex formation ahd
template incorporation into the imprinted polymeridg rebinding can be achieved by the characief&t-IR
absorption analysid.0].

Xuemin Zhouand coworker [11] reported a FTIR characterization ghthesized MIPsof sildenafil and
vardenafil in herbal dietary supplements. FT-IRc$rzewere recorded in the range of 4000-400cm-1

Shunli Ji et al [12] published the characterizatimihamino glycosides antibiotics in honey by FT -IR
spectroscopy. The strong bands appeared at 344mA corresponding to the OH stretching vibration
indicating the removal of template molecules. Baatis3441.76 cm-1, 1732.5 cm-1 and 1259.65 cm-1
resulted from the carboxyl groups. The absorbahd@€38.63 cm-1 was assigned to stretching vibratfod —

C bond. These data indicated slight difference I6f &hd MIP with or without removal of template nmiée.

Mohd Marsin Sanagi and coworker [13] has reportedethod of FTIR characterization of organophospéioru
pesticides in fruit samples. FTIR characterizatias done to determine the functional groups in kkRore
and after the washing stage and also in NIP bygusia KBr pellet procedure.

Maryam Shekarchét al reported [I4FT-IR spectra of grounded polymer of lamivudinerasted from human
serum were recorded using KBr pellets in the rasfg€dd0—4000 cm-1.

2.1.2 U.V Spectroscopy

UV spectroscopy studies have been perforrfmd spectroscopically measure the saturation ofptate
molecules with functionahonomer building blocks by recording changes irodtence spectra or differential
absorption. However recently, IR spectroscopy oe-gmlymerization products has provided additional
complementary information to UV/Vis and NMR studl®s probing the vibrational signatures of the iwveal
molecules and complexes [15]. UV measurement mainbyides information about the binding capacity of
functional monomer and the template molecule. Asliferature reviewed, several studied have beeredor
determination of binding capacity of MIPs by UV imed. Few are listed below.

Huai You Wang and coworker [16] studied the Bindaagacities of MIPs for benzotriazole were deteadin
spectrophotometrically at 252 nm.
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Ram B. Gupta and coworker [17] have reported aibindxperiment for tetracycline.

The polymer particles (15mg) were mixed with 5 attacycline solution in a 10 ml conical centrifugattube
and sealed. The tubes were oscillated by a wrigirashaker in a water bath for at least 20 h. Tthermixture
was centrifuged for 10 min and the tetracyclinecgmrration in the liquid phase was measured by avi$v
spectrophotometer. The amount of tetracycline botmdhe polymer was calculated by subtracting the
concentration of free tetracycline from the initiatracycline loading. Partition coefficient K=CR/@as used

to characterize the binding extent, where CP isctirecentration of tetracycline inside the polynard CS is
the concentration of tetracycline in the solution

Ai-jun Tong et al [18] spectrophotometric bindingadysis for five steroidal drugs. Fluorescence BMIVIS
absorption propertiesf the five steroid compounds in differeatganic solvents were reported. Orihe
estradiol derivatives, b-estradiol, ethynyl estohdind estradiol benzoate showed high fluorescenassion in
methanol or ethanol solutiotestosterone and methyl testosterone do not flueréslsorption percentages for
the first threesteroids were thus calculated from the correspagniilorescence intensity, while the following
two compounds were determined by UV-VIS absorpsipactra. The excitation and emisswavelengths were
chosen as 281 and 307 nm,

2.1.3 NMR

NMR techniques fulfill the need to work in solutiand therefore enable the NMR spectra of insolapkzies
to be acquired. As far as MIP work is concernetigsstate NMR has been relatively under-exploitediate,
as has, for that matter, suspended state NMR. fPridtdR titration experiments facilitate observatioh
hydrogen bond formation between bases and carlwoagid through hydrogen bonding. These technigass h
been introduced in molecular imprinting for invgating the extent of complex formation in prepolyis&tion
solutions and as a means of identifying the spesifes in interacting structures that engage mpiexation.
Thus evaluating the shift of a proton signal dugoasticipation in hydrogen bond was used as thecieh
criterion for complex formation, M/T ratio and indetingforces [19].

Lachlan J. Schwarz and coworker [20] applied NMBhteque for the selective recognition of the bioaect
polyphone, (E)-resveratrol MIPs. This is a représtire of the general approach that has been degléyr
these 1H NMR spectroscopy titration experiments)-R&sveratrol (23 mg, 0.1 mmol) dissolved in
trideuteroacetonitrile was titrated with increasinglar equivalents of 4-vinylpyridine. The 1H NMRextrum
was observed after each addition and the changeomatic —OH shifts followed until the presencelbf
bonding interactions was evidenced by the condistenwnfield shift of this aromatic—OH signal withcreased
additions. This process was continued until thematec —OH signal was no longer detectable due &k pe
broadening.

Jianhua Xiong et al [21] described NMR characteiozaof five sulphonylurea herbicides. A seriesolutions
was prepared with a fixed concentration of pyraliauron ethyl as template (20 mmol per L) and three
different concentrations of MAA (0, 60 and 120 mrpel L) in dichloromethane-d .The 1H NMR spectraeve
recorded using tetramethylsilane (TMS) as the matestandard.

In this study, the intermolecular interactions betw PS and MAA during the pre-polymerization stagee
evaluated by 1H NMR analysis, which was performét warious molar ratios of MAA and PS in CDCI3.elh
two different amino protons present in the templB® molecule were numbered as NH1 andNH2. The
chemical shifts of the triazine ring NH1 and thdploamino group NH2 were 7.30 and 12.96 ppm,
respectively, in the absence of MAA in CDCI3. Aftee addition of 120 mmol per liter of MAA, and Nkias
chemically shifted from 7.30 to 7.89 ppm; howewvitre chemical shift of the NH2 in PS was essentially
unchanged from 12.96 to 12.98 ppm. These obsensmtioggested that the NH1 was involved in the ftoma

of hydrogen bonds, and the magnitude of the changkemical shift was related to the concentrabMAA.

As the concentration of MAA increased, the hydrogend interactions were strengthened. The formation
hydrogen bonds led to shielding effects that inreedathe chemical shifts of NH1. The NH2 proton was
involved in the formation of intermolecular hydrogeonds; therefore, the influence of MAA on the rofeal
shift of NH2 was not observed.



Rakesh kumar et a//Int.]J. ChemTech Res.2014,6(2),pp . 1165

3.1 Morphological characterization

The analyte binding capacity, binding specificindachemicabnd thermal capacities of these MIPs were found
to dependlirectly on the characteristics of their surfacerphology. Several approached have been found to
be suitable for the determination of surface molpin of MIPs.

3.1.1 Mercury intrusion porosimetry

Mercury intrusion porosimetry involves mercury lgiforced, under pressure, into a fixed mass of dry
polymer. Theinformation that can be gained from such experiménsimilar to that which can be obtained
from Nitrogen SorptiorPorosimetry, although it is generally more sensititprobing larger (macro-) pores.

3.1.2 Nitrogen sorption porosimetry

Nitrogen sorption porosimetry deals a fixed masdrgfpolymer being exposed to a gas (usually nitnpgea
series of fixed pressures. By calculating the amhofigas sorbed as a function of pressure, sorptiohésots
can be constructed from which, following applicatiof theory (BET) and mathematical models, information
on the specific surface area (m2/g), specific pore volufmd/g), average pore diameter and pore size
distribution can bextracted. The method is particularly full of adisge for analyzingn detail medium-sized
(meso-) and small (micro-) porefThe IUPAC definitions of size as employed to poegs asfollows:
micropores <2 nm; 2 nm < mesopores <50 macropores >50 nm).

3.1.3 Solvent uptake experiments

Macroporous polymers are permanently porous evéimeiry state and solvent can be employed to atkess
pore network. After measuring the amount of solvent alkeh by gpolymer an estimate can be made of the
specific pore voluméml/g).

3.1.4 Inverse size exclusion chromatography (ISEC)

ISEC enables the porous structure of polymetset@robed in the wet-mode. This is perhaps sigmtiasfar
as imprinted polymers are concerned because inppalymers find applications, more often than notthe
wet state. In ISEC experiment, the porous solid isstiadionary phase and thiene taken for a series of linear
soluble polymer standardg known molar mass to elute through the colummesasuredat fixed flow-rate.
Upon applying suitable mathematicabdels information on the pore structure of theypar stationary phase
can be extracted. In many aspects ISE@ be viewed as being a complementary tool t@getnsorption
porosimetry and mercury intrusion porosimetwth the advantage being that it can operate imtemode.

3.1.5 Microscopy, e.g. Scanning electron microscope (SEM)

Microscopy can be applied in a variety of distimetys toprobe imprinted polymers on a variety of length
scales. Foinstance, light microscopy can be used to verify structural integrity of polymer beads whereas
scanning electron microscopy (SEM) can be useché@é macrospores.

4.1 Characterization of the molecular recognition poperties.

4.1.1 Liquid chromatography—mass spectrometry (LC-Mb)

Jun HaginakA et al [22] proposed determination oh-steroidal anti-inflammatory drugs in riverater
samples by liquid chromatography— mass spectrom{ettyMS) usingmolecularly imprinted polymers as a
pretreatment column.

Ya-lei Zhangetal [23] reported LC-MS method for diclofenac MIBerived from water samples The LC—
MS/MS analyses of DFC were performed on High Perforce Liquid Chromatography coupled with Mass
Spectrometry. The separation was conducted on demdeclipse XDB C18 reversed phase column, whig t
flow rate of 0.30 mL/min. Methanol (mobile phase &jd water with 0.1% (v/v) acetic acid (mobile ph&y
were applied for separation. The injection volumesvtO per L, and the column temperature was 39 R€.
gradient was held at 70% A for 5 min, and increase85% A within 5 min and held for 5 min, and theset
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to initial conditions of 70% A in 5 min and heldrf& min. The mass spectrometer detection was daori¢ in
electrospray ionization negative ion mode with cielé reaction monitoring (SRM).

3. Thermal study

M.V. Gonzalez-Rodriguez and coworkers [24] firsoposed thermal method for MIFfie DSC traces and the
TGA were obtained to survey the glasansition temperature and thermal stability of plodymers. Dynamic
experiments were conducted under Argon atmospfidre.heating rate was 10°C min-1. The temperature
range of the experiments was from room temperdmr@00°C. The Thermogram as measured in the onset
point of the loss mass curve. The DSC measures varéed out using 5-10 mg of the samples under an
atmosphere of nitrogen gas. The samples werehigated to 100 °C and held at that temperature faimbto
remove the thermal history. Then the samples weoked to —50 °C at the rate of 20 °C min-1, held5anin,

and again heated from —50 to 250 °C at 20 °C mifsetond scan). Glass transition values (Tg) weéentas

the midpoint of transition in the second scan ofDsermograms.

4. Supercritical fluid technology.

Hun-Soo Byunand coworker [25] Synthesize and characterized gin selective molecularly imprinted
polymersfor bisphenol and 2, 4-dichlorophenoxyacetic agidubing supercritical fluidechnology. The MIPs
nanoparticles obtained in this study have bindimgperties comparable to the general MIPs synthdsize
with/without conventional organic solvents. The exgpitical polymerization process may be applied aww
sophisticated tool of preparing highly functionalymers.

5. Swelling studies

The capacity of a functional polymer is governedhmsy accessibility of the reactive functional greughich in
turn depends on the extent of swelling and solwatithe rate of diffusion of a reagent into the pady
complex mainly depends on the extent of swellingnée swelling is an important parameter, which robeit
the extent of rebinding. The most effective solveah carry out the percentage rebinding reactiay ve
effectively. The efficacy of swelling can be detered in terms of change in weight. Alternatively, facking

a definite weight of the polymer in a capillary éuand measuring the volume before and after incubat the
solvent, the swelling ratio can be determined imgeof change in volume [26].

6. Conclusion

In this paper, recent analytical methods appliedcfmaracterization of molecular imprinted polyméxiPs)
were reviewedSeveral tools like UV/VISpectrophotometrnT-IR, NMR, thermal methods;hromatographic
methods ( LC-MS) and morphological analysis t@uks themain techniques that have been used, of which it is
found a tradition to utilize faster techniques wéthst savings and reduction in solvent consumpfoom this
work, it was observed a trend in the applicatbtechniques increasingly rapid for character@atf MIPs. It

is our expectation that this will facilitate rese@rs to plan their own sophisticated analyticahway for
characterization of MIPs in a more logical and diited manner, and to begin to appreciate thedtioits of

the present approaches in this molecularly comatea.
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