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_____________________________________________‡‡______________________________________________ 

Abstract. Molecularly Imprinted Polymers (MIP) are synthetic materials used as a tool 

to enhance the selectivity in different analytical approaches, such as solid-phase 

extraction, chromatography, and sensing devices. Knowing the mechanism involved in 

the interaction between the template and monomer is essential for a further successful 

application. However, studies on this topic are scarce. This work evaluates the involved 

mechanisms in the template-monomer interaction for a lumefantrine MIP system, an 

antimalarial drug. Field-emission gun scanning electron microscopy, thermal analysis, 

X-ray diffraction, and density functional theory were applied to determine the mechanism 

involved in two MIPs obtained in different conditions. A new parameter, named 

Molecularly Imprinting Factor (MIF), was proposed to evaluate the contribution of 

specific interactions in the sorption of the analyte by the MIP structure. MIF allows direct 

insights into specific binding, non-specific contributions, interaction nature, behavior 

predictability, system acid-base behavior, pre-screening pairs capability, and binding site 

affinities evaluation. Two sorts of interaction were observed, covalent and non-covalent 

when methacrylic acid and 2-vinyl pyridine were used as monomers, respectively. 

Therefore, the use of methacrylic acid formed a sorbent inappropriate for solid-phase 

extraction since the binding is not reversible. On the other hand, 2-vinyl pyridine-

lumefantrine binding was reversible, and MIF = 0.59 (59.02% of specific site sorption) 

indicates that the predominant mechanism in the sorption is specific. 

Keywords: Molecularly imprinting factor, an antimalarial drug, thermal behavior, glass 

transition, element mapping, sorption mechanism 
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1. Introduction 

Molecularly Imprinted Polymers (MIPs) are synthetic materials used to enhance 

selectivity in different analytical approaches, such as solid-phase extraction, 

chromatography, and sensing devices [1–4]. MIPs are synthesized by polymerizing 

functional monomers and crosslinkers around a template, which can be the analyte of interest 

itself (drug, metabolites, ambient undesirable compounds such as pesticides, harmonious, 

and so on) or a structural analog molecule, leading to the cross-linked formation of three-

dimensional selective cavities of equivalent size shape, and chemical affinity. After 

removing the template, cavities are available for selectively binding the target analyte from 

different samples [5–7]. 

The overall production of a molecularly imprinted polymer comprises three main 

steps: (i) formation of covalent or non-covalent contacts between template and functional 

monomer molecules, (ii) polymerization itself (under some specific conditions) and, finally, 

(iii) template removal from the target-specific synthetic polymer [3,8]. 

The interaction between monomer and template can be covalent, non-covalent, or 

semi-covalent. In the covalent approach, these bonds may form during MIP synthesis or in 

the course of its analytic use for extraction. The kinetic involved in establishing a covalent 

bond is slow. Therefore, this mechanism is not used for MIP synthesis [9]. In a non-covalent 

approach, interactions like hydrogen bonding, van der Waals forces, π-π and hydrophobic 

interactions, electrostatic forces, and metal coordination are formed [3,5,12]. The non-

covalent approach is the preferred mechanism used in MIP synthesis due to its simplicity, 

the versatility of the compounds that can be imprinted, and the variety of commercially 

available functional monomers [10]. Another approach is semi-covalent, which is a 

combination of covalent and non-covalent mechanisms. In this case, the interaction between 

the monomer and the template molecule before the polymerization is covalent, whereas the 

analyte binding during the polymer's use is non-covalent, such as the interaction between 2-

vinyl pyridine and lumefantrine as described by Silva et al. (2018) [7,9,10]. Chemical 

interactions between monomer and template are fundamental for determining the 

molecularly imprinting factor (MIF), which attests to the performance of MIP [11]. 

MIPs are mainly used as sorbent in solid-phase extraction (SPE) and their variations, 

in the solid-phase microextraction, microextraction by packed sorbent, and dispersive solid 

phase extraction [6,8,10,12–14] in different matrices, including  biological fluids [4,5,7,15], 
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food [16,17], supplements [18] and environmental samples [19,20]. The choice of 

appropriate reagents (monomer, crosslinker, porogenic solvent, and radical initiator) is 

essential to establish suitable characteristics based on morphology, stability, binding, and 

selectivity [11,21,22]. Moreover, the stereochemistry of template and polymerization 

conditions are determinants for obtaining an adequate MIP [2,3,12,23]. Rational design of 

molecularly imprinted polymers for the analyte recognition englobe the possibility of 

structure-property relationship studies described by Fernandes and colleagues (2015) [24]. 

Analytical experiments for appropriate monomers screening to the template as described by 

Roy and colleagues (2018) [25] may be used to optimize the conditions for the MIP synthesis 

and avoid excessive experiments that are burdensome and time-consuming. 

In this context, thermal analysis and X-ray diffraction is powerful tool for a complete 

understanding of MIP properties [26,27]. Understanding the thermal behavior provides 

essential information about solid-state properties that control the molecular system 

organization and its surrounding physicochemical interactions. 

The present study evaluates the type of interaction between template and monomer 

in a MIP for lumefantrine, an antimalarial drug. Different techniques were applied: thermal 

analysis, field-emission gun scanning electron microscopy, and X-ray diffraction. Even 

though several MIPs have been synthesized to be applied in SPE, few studies discuss the 

mechanism involved in template-monomer binding during the overall process. 

2. Experimental section 

2.1. Samples 

Several MIPs candidate for lumefantrine were synthesized. Different combinations of 

monomer (2-hydroxyethyl-methacrylate, 2-vinyl pyridine, and methacrylic acid), crosslinker 

(divinylbenzene, ethylene glycol dimethacrylate, and trimethylolpropane trimethacrylate), 

and porogenic solvent (ethyl acetate, chloroform, and toluene) were evaluated. The 

performance tests are a demanding evaluation for each considered pair.  The polymers were 

synthesized using the precipitation polymerization method. The summarized conditions are 

shown in Table 1. Detailed data is present in a previous study developed by our group [7]. 
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Table 1. Conditions employed in the synthesis of MIP for lumefantrine, as described by Silva et al. 

(2018) [7]. 

MIP 
Composition 

Molar proportion* 
Functional monomer Crosslinker Porogenic solvent 

1 2-HEMA TRIM TOL 01:04:20 

2 2-HEMA DVB TOL 01:04:20 

3 2-VP TRIM TOL 01:04:20 

4 2-VP DVB TOL 01:04:20 

5 2-HEMA EGDMA CLO 01:04:20 

6 2-HEMA EGDMA ETAC 01:04:20 

7 2-VP EGDMA CLO 01:04:20 

8 2-VP EGDMA ETAC 01:04:20 

9 MAA TRIM CLO 01:04:20 

10 MAA TRIM ETAC 01:04:20 

11 MAA DVB CLO 01:04:20 

12 MAA DVB ETAC 01:04:20 

13 MAA EGDMA TOL 01:04:20 

14 2-VP EGDMA TOL 01:06:30 
2-HEMA: 2-hydroxyethyl methacrylate; 2-VP: 2-vinyl pyridine; MAA: methacrylic acid; DVB: 

divinylbenzene; EGDMA: ethylene glycol dimethacrylate; TRIM: trimethylolpropane trimethacrylate; ETAC: 

Ethyl acetate; CLO: chloroform; TOL: toluene. *Molar proportion - lumefantrine: functional monomer: 

crosslinker 

The MIP-14 and MIP-9 were chosen as examples to discuss the mechanisms involved 

in template-monomer binding since they have distinct behavior in terms of template-

monomer interaction. 

 Distribution coefficient (KD), equation 1, was used to calculate the specific binding 

factor due to molecularly imprinting related to the total binding (specific and non-specific), 

using equation 2. Therefore, the molecularly imprinting factor (MIF) was defined to describe 

the chemical interactions. 

𝐾𝐷 =
(𝐶𝑖−𝐶𝑓)×𝑉

𝑚
     Equation 1 

Ci and Cf are the initial and final concentrations of a solution containing lumefantrine at 24 

µg/mL, V is the volume (5 mL), and m is the MIP mass (50 mg). KD was obtained through 

adsorption studies [7].  

𝑀𝐼𝐹 =
𝐾𝐷(𝑖𝑚𝑝𝑟𝑖𝑛𝑡𝑒𝑑)−𝐾𝐷(𝑛𝑜𝑛−𝑖𝑚𝑝𝑟𝑖𝑛𝑡𝑒𝑑)

𝐾𝐷(𝑖𝑚𝑝𝑟𝑖𝑛𝑡𝑒𝑑)
          Equation 2 

KD (imprinted) is the molecularly imprinted polymer's distribution coefficient, and 

KD (non-imprinted) is the distribution coefficient of the non-imprinted polymer. 

2.2. Field Emission Gun - Scanning Electron Microscopy (FEG-SEM) 
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A Field Emission Gun - Scanning Electron Microscope (FEG-SEM) SIGMA VP 

model from Carl Zeiss Microscopy GmbH coupled with a Bruker Gmbh EDS XFlash 410-

M detector was used to perform microstructural and element mapping chemical 

characterization. FEG-SEM was performed for lumefantrine API, MIP-9, MIP-9 submitted 

to 0.1 M HNO3 and 0.1 M HCl, MIP-14, and MIP-14 lumefantrine-loaded (MIP-14-T). 

2.3. Thermal Analysis 

Differential Scanning Calorimetry (DSC) curves were obtained in the DSC60 

Shimadzu under a dynamic nitrogen atmosphere, with a flow rate of 50 mL min-1, a heating 

rate of 10 °C min-1 from room temperature up to 400 °C in a closed aluminum crucible. 

Samples were about 1.5 mg, accurately weighted. The results are in J g-1. Lumefantrine, MIP-

9, MIP-14, MIP-14-T, physical mixture containing lumefantrine + MIP-14 (1:0.4 w/w) and 

NIP were analyzed by DSC.  

The experimental determination of glass transition (Tg) was conducted by DSC as 

described by the American Society for Testing and Materials, ASTM D3418 – 15 [28]. The 

Synthia routines were used for Tg theoretical calculations. This method allows rapid 

estimates of polymer properties using empirical and semiempirical methods [29,30]. 

2.4. X-ray diffraction 

Powder X-ray diffraction (PXRD) data were collected using an XRD-7000 

diffractometer Shimadzu operated at 20 °C, 40 kV, and 30 mA, using CuKα (λ= 1.54056 Å) 

equipped with a polycapillary focusing optics under parallel geometry coupled with a 

graphite monochromator. The acquired samples were read under spinning at 60 rpm, to 

prevent any preferred orientation, scanned over an angular range of 4 - 60° (2θ) with a step 

size of 0.02° (2θ) and a time constant of 2 s/step. PXRD was obtained for lumefantrine, MIP-

14, and a physical mixture containing lumefantrine + MIP-14 (1:0.4 w/w). 

2.5. Density Functional Theory (DFT) calculations 

A detailed explanation of DFT expressions is given by Di Carlos, A. et al. [31]. The 

fundamental step of the DFTB+ derivation is to expand the total energy of the DFT 

representation to the second-order in charge density and spin density fluctuations by Elstner, 

M. et al. [32]. The first-principles calculations were performed by density functional theory 

(DFT) [33,34]. Were used Troullier_Martin norm-conserving relativistic pseudopotentials 

[35] in Kleinman_Bylander's nonlocal form [36]. The treatment of exchange and correlation 
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energies within the generalized gradient approximation takes place according to the Perdew, 

Burke, and Ernzerhof (PBE) parametrization [37]. The split valence and perturbative 

polarization methods were employed to generate a double-zeta basis for each angular 

momentum plus polarization orbitals (the standard SIESTA DZP basis set). A minimal 200 

Ry mesh-cutoff energy was applied to determine real space grid fineness. 

3. Results and discussion 

The imprinting factor (IF) is a parameter that expresses the efficiency of the template-

functional monomer binding. Therefore, a strong interaction inside the MIP would yield a 

high imprinting factor, while weak interactions would lead to small calculated imprinting 

factors. 

The IF factor found in the literature [38] is calculated as described in equation 3. It 

indicates the relationship between the sorption capacities of MIP and NIP. However, it does 

not show clearly the type of sorption involved in the molecularly imprinting process. 

𝐼𝐹 =
𝐾𝐷(𝑖𝑚𝑝𝑟𝑖𝑛𝑡𝑒𝑑)

𝐾𝐷(𝑛𝑜𝑛−𝑖𝑚𝑝𝑟𝑖𝑛𝑡𝑒𝑑)
 Equation 3 

This study proposes a new parameter, MIF, which directly shows the specific binding 

preference related to the total binding (specific and non-specific sites). The sorption 

occurring in MIP is due to specific and non-specific interactions. When the contribution of 

non-specific binding is removed, the interaction provided by specific sites (molecularly 

imprinting) can be directly accessed. Therefore, the proposed MIF allows the unambiguous 

identification of the preferred mechanism of sorption in the MIP. Table 2 shows the 

comparison between the accessed properties obtained by the conventional imprinting factor 

(IF) and the proposed molecularly imprinting factor (MIF). 

Table 2. Comparison between the accessed properties obtained by the conventional imprinting factor 

(IF) and the proposed molecularly imprinting factor (MIF). 

Properties IF MIF 

Specific binding  X X 

Non-specific contributions - X 

Interaction nature - X 

Behavior predictability - X 

System acid-base behavior - X 

Pre-screening pairs 

capability 
- X 

Binding site affinities - X 
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The MIF factor allows obtaining specific information from the studied system. 

Behind the specific binding information extracted from both, the proposed MIF factor 

explores the non-specific contributions, acting in the system, since the non-imprinted 

information is subtracted. The result is the specific net effect information over significant 

system characteristics. That allows working with the nature of the interaction since the 

involved species are a weak acid and bases compounds. By this information, the acid-base 

system behavior is predictable as far as the attractive or repulsive affinities can be understood 

and controlled, giving rise to unparallel predictability of the proposed pair components. The 

screening of the best pre-defined pairs to improve efficiency is theoretically evaluated 

previously to laboratory tests. There is a significant decrease in time and laboratory costs 

involved in the design, test, and definition of the best pair combination to the optimum 

results. The costly and time-consuming combinatory analysis is eliminated by the pre-

screening of the best chemical pairs. It is imperative to understand the chemical interactions 

between monomer and template in a molecularly imprinted polymer. 

For instance, a set of MIPs for lumefantrine (Table 3) shows the KD (imprinted), KD 

(non-imprinted), IF, MIF, and %MIF (for MIF positive values) for the 14 synthesized MIPs. 

Table 3. KD (imprinted), KD (non-imprinted), IF, MIF, and %MIF. 

MIP KD (imprinted) KD (non-imprinted) IF MIF %MIF 

1 540.96 1080.99 0.50 -0.998 - 

2 558.3 561.17 0.99 -0.005 - 

3 1022.41 656.23 1.56 0.358 35.82 

4 583.73 348.14 1.68 0.403 40.36 

5 718.79 777.82 0.92 -0.082 - 

6 595.74 564.6 1.06 0.005 5.23 

7 649.04 535.3 1.21 0.175 17.52 

8 598.87 344.24 1.74 0.425 42.52 

9 244.51 669.38 0.37 -1.737 - 

10 566.78 1246.87 0.45 -1.199 - 

11 918.14 939.6 0.98 -0.002 - 

12 922.1 934.74 0.99 -0.013 - 

13 773.32 703.76 1.10 0.089 8.99 

14 977.83 400.75 2.44 0.590 59.02 

Only for some systems, the sorption of lumefantrine at specific MIP sites 

predominates. This behavior characterizes the molecular impression. For the other systems, 

the contribution of non-specific interactions is predominant. The closer the MIF value is to 

1, the greater the sorption at specific sites, indicating effectiveness in the proposed molecular 
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impression's synthesis process. The sign is related to a permanent covalent interaction. As 

closer as to -1 relates to non-specific site interaction. The difference is positive MIF factor 

indicates a predominance of reversible bonding, whereas the negative indicates the 

predominance of permanent bounding. This explanation is summarized in Table 4. 

Table 4. MIF range explanation. 

Range Phenomenon 

MIF = 1 Only specific site sorption (MIP) – the NIP contribution is equals to zero 

0  MIF 1 Specific site sorption is predominant (MIP) 

MIF = 0 Specific (MIP) and non-specific (NIP) have equaled sorption contributions. 

MIF  0 Non-specific site sorption is predominant (NIP) 

The MIF for MIP-14 was 0.59, corresponding to 59% of specific site sorption. As 

previously discussed, the MIF value indicates a factor straight related to the specific and 

non-specific analyte-MIP interaction. Therefore, the sorption mechanism in MIP-14 is 

preferentially on the specific sites since 0  MIF  1, showing that molecularly imprinting 

behavior was achieved in the synthesis.  

The MIP-9 (MIF = -1.737, therefore MIF <0) comprises lumefantrine, methacrylic 

acid (MAA), and trimethylolpropane tri-acrylate (TRIM). The MAA monomer is an organic 

acid, and lumefantrine has a basic nature; therefore, a strong acid-base neutralization 

reaction is expected. A FEG-SEM experiment monitored by their atomic numbers was 

performed for topography images of the polymer surface distribution. Fig. 1a shows MIP-9 

after template removal, performed in a Soxhlet with chloroform. Lumefantrine was still 

present, as observed by the chlorine (yellow color), exclusively present in the lumefantrine 

molecule. For lumefantrine remotion, the polymer was transferred to a flask, 0.1 M HNO3 

and 0.1 M HCl were added separately, and the suspension was stirred for 5 minutes. 

Nevertheless, as evidenced by the images (Fig. 1b and c), lumefantrine was not removed 

from the MIP surface. 
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Fig. 1. A Field Emission Gun - Scanning Electron Microscope (FEG-SEM) for MIP-9 (a), MIP-9 

submitted to 0.1M HCl (b) and 0.1M HNO3 (c), lumefantrine (d), MIP-14 (e) and MIP-14 

lumefantrine-loaded (MIP-14-T) (f).  

The FEG-SEM images obtained for MIP-9 suggest that the interaction between 

lumefantrine (template) and MAA (monomer) occurs through covalent bonding. Density 

Functional Theory (DFT) was employed to simulate the low energy configuration, where the 

binding template-monomer occurs spontaneously. This condition is achieved when the 

carboxylic radical and hydroxyl group were near each other, as observed in the scheme (Fig. 

2). Therefore, the DFT simulation corroborates the covalent bond hypothesis between 

lumefantrine and MAA, resulting in the permanent immobilization of lumefantrine in the 

polymer chain. 

This behavior agrees with the observed negative MIF (-1.737) value for MIP-9 

(Table 2), indicating a predominant non-specific adsorption mechanism since the value of 

KD for NIP was about three times higher than the MIP. Therefore, the binding between MAA 

and LUM, irreversible, forms a stable system, making it impossible to be used as a sorbent 

for solid-phase extraction. The template molecule definitively occupies the binding sites for 

the analyte. 
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Fig. 2. (a) Density Functional Theory (DFT) simulation for methacrylic acid (MAA) + 

lumefantrine (LUM) interaction; (b) lumefantrine docked in methacrylic acid polymer chain.  

FEG-SEM EDS coupled was also performed for lumefantrine and MIP-14 (Figure 1, 

d, e, and f). Lumefantrine, monitored by chlorine (red color), is shown in Fig. 1d. Figure 1e 

shows template removal after Soxhlet, evidencing the reversible character of the 

lumefantrine-monomer binding. The observed red spot is related to a residual lumefantrine 

over the surface, confined in a restricted region. After loading MIP-14 with lumefantrine 

(MIP-14-T, Fig. 1f), the chlorine (red color) homogeneity spread all over the polymer 

surface. 

The interaction between the template and the monomer (2-vinyl pyridine) is 

reversible, non-covalent, as observed through DFT simulation. A hypothesis is the 

hydrophobic binding between the 2-vinyl pyridine ring and lumefantrine rings (Fig. 3a). 

Therefore, this MIP can be used as a sorbent in SPE since it can restore the sorption 

capability after each extraction. Fig. 3b shows the DFT simulation for the interaction 

between 2-vinyl pyridine (functional monomer of MIP-14) and lumefantrine in higher 

energy configuration (closest molecules). Computational approximations between all 

components system (template, functional monomer, crosslinker, and porogen) play a key 

role in obtaining the best combinations for molecularly imprinted polymers. This approach 

can narrow the search space to just a few optimum combinations, making the screening of 
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reagents and conditions more manageable, economical, and easy to be confirmed empirically 

in a laboratory setting, as described by Liu and colleagues [39]. 

 

Fig. 3. Density Functional Theory (DFT) simulation for 2-vinylpyridine (2-VP) + lumefantrine 

(LUM) interaction. (a) lower and (b) higher energy configuration.  

A relevant aspect to be considered in the polymerization process of MIP is the 

possibility of a chemical reaction between the template and other system components. Based 

on that possibilities, thermal analysis experiments and X-ray diffraction were conducted, 

searching for evidence. Fig. 4 shows the DSC curves for lumefantrine (LUM), MIP-14, and 

lumefantrine-loaded MIP-14 (MIP-14-T). The dotted line at 128.1 ºC (Tonset) shows the 

lumefantrine's melting event, as expected [40]. DSC curve for MIP-14 shows an endothermic 

event at 53 oC, related to the residual solvent loss (confirmed by thermogravimetry, data not 

shown). 

Interestingly, the DSC curve for MIP-14-T did not show the thermal behavior of 

lumefantrine or MIP-14, suggesting an interaction between LUM and MIP occurs when heat 

is provided to the system. If LUM molecules were chemically linked through Van der Waals 

or hydrogen bonding forces, the fusion event for LUM would be observed alone. Therefore, 

supported by the DSC experiment, a new entity was formed. It is the product of the reaction 

between lumefantrine and the other components from MIP-14 under heating. 
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Fig. 4. DSC curves for lumefantrine (LUM), pure polymer 14 (MIP-14), and lumefantrine-loaded 

MIP-14 (MIP-14-T).  

Fig. 5 shows an endothermic peak at 128.1 ºC (Tonset) in the DSC curve, related to the 

lumefantrine melting, confirmed by its X-ray diffraction fitted by the Rietveld method. For 

MIP-14, the DSC curve shows an endotherm peak at about 57 ºC due to solvent loss; the X-

ray diffraction shows its amorphous nature. Afterward, lumefantrine and MIP-14 were 

separately submitted to heating, running up 150 ºC, cooling down to room temperature, and 

heating up again to 150 ºC. The observed melting temperature was 124.9 ºC (Tonset) for 

lumefantrine, lower than that obtained in the first run (128.1 ºC). This slight difference is 

related to the loss of unit cell organization, probably due to changes in the intermolecular 

forces, confirmed by X-ray diffraction. For MIP-14, the first heating cleaned the "thermal 

history," as seen in the respective DSC and X-ray diffraction. The same experiment was 

conducted in a physical mixture containing MIP-14 and lumefantrine (1:0.4 w/w) to evaluate 

the thermal behavior of this mixture. The exothermal peak at about 170 ºC in the DSC curve 

and new peaks at 16 and 33º 2θ in the diffractogram confirmed a new entity's formation. The 

entity is formed by crystallization since these signals were observed neither in lumefantrine 

nor in MIP-14 when evaluated alone. Freitas-Marques et al. (2020) determined the 

non‑isothermal kinetic study of the interaction between lumefantrine and molecularly 

imprinted polymer for this new entity [26]. 
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Fig. 5. DSC (left) and X-ray diffraction (right) of lumefantrine; MIP-14; MIP-14 heated 150 ºC, 

cooled down to room temperature and heated 150 ºC again; lumefantrine heated 150 ºC, cooled down 

to room temperature and heated 150 ºC again; and MIP-14 + lumefantrine (1:0.4 w/w) physical 

mixture heated 150 ºC, cooled down to room temperature and heated 200 ºC again. 

To the best of our knowledge, it is essential to emphasize that the determination of 

glass transition (Tg) for MIP does not exist in the literature. In an unprecedented way, the 

determination of Tg for MIP-14 was proposed in this research. This information is helpful 

in materials processing technology because from the glass transition temperature, the 

molecules lose rigid or semi-crystalline arrangement and assume a more malleable state. 

Therefore mechanical properties can be modified to optimize molecularly imprinted polymer 

morphology and recognition.  

Tg determination by DSC follows the requirements of the ASTM D3418-15. The 

sample was heated at 20 ºC.min-1 to 250 ºC and kept in an isotherm for 10 minutes. This first 

heat treatment cycle is for cleaning the polymer “thermal history". Subsequently, the sample 

was cooled down to -60 ºC and heated up again to 400 ºC. This second heating cycle is likely 

to observe the baseline shift characteristic of the glass transition in polymers. The baseline 

DSC curve of MIP-14 (second heating) shows four fluctuations, suggesting the glass 

transition observation (Fig. 6A). It is observed that the baseline shift was subtle. In an attempt 

to confirm this thermal phenomenon, the sample residues of second heating by DSC were 

collected before (Teig = extrapolated onset temperature) and after (Tefg = extrapolated end 
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temperature) baseline shift of first and last doubtful points, been subsequently analyzed by 

XRD (Fig. 6B). 
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Fig. 6. Glass transition determination of  MIP-14. DSC curve (A), second heating cycle, and powder 

X-ray diffraction (B) of sample residues before (Teig = extrapolated onset temperature) and after (Tefg 

= extrapolated end temperature) baseline shift of 1 and 4 points. 

As observed, PXRD shows no significant differences in the structural arrangement 

of MIP-14 to be identified as the glass transition of this type of polymer. Therefore, Synthia's 

method was proposed for topological information about polymers, instead of group 

contributions, in the predictive correlations, circumventing the limitation of the polymers 

that contain group contributions that conventional methods cannot estimate, as MIP-14, once 

chain and sequence lengths are other factors which can influence the thermal properties [41]. 
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Fig. 7 shows Tg prediction for EGDMA -2-VP (4:1) (A), free EGDMA (B), and 2-VP (C) 

by Synthia's method. 

 

 

 

Fig. 7. Synthia© package glass transition prediction for EGDMA-2-VP (4:1) (A), EGDMA (B), and 

2-VP (C). 
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The Tg will depend on the polymer molecular weight MW (amu) for linear polymers. 

Considering the structure of the homo or copolymer, the end of the polymer chain tends to 

be more flexible than the rest of the chain. By considering the chain increase, the molecular 

weight increases and, therefore, the mobility. 

The plateau in the Tg x MW graphic results from the relatively rigid final polymer 

macrostructure configuration. Generally speaking, all factors such as lower flexibility, 

bulkier groups, cross-linking, intense chain interactions that may affect molecular mobility 

on a large scale have an increased effect over Tg.  

However, as the polymer chain increases, the overall mobility will reduce up to a 

stable value as Mw increases; the phenomenon is usually associated with the "infinite Tg 

temperature". When reached the effect saturation, the Tg does not change with a further 

increase of MW usually after Mw 5000 – 10000 amu [42]. 

There are many industrial situations where formulators mix two polymers to produce 

a blend with improved physical properties. As far as pharmaceutical polymers are concerned, 

they are composed of small molecules. If used in a mixture, an essential concern property 

would be the miscibility when more than one monomer is present. If two monomers are still 

in a mixture, the cooling behavior is critical in interpreting the thermal curve. At cooling, 

the overall miscibility is complex, being limited on several occasions by the solubility limit 

of the active small molecules. Therefore, for a blend of two immiscible components, each 

phase will separately become vitreous if enough fast cooling rate is applied. In the DSC 

experiment, two distinct thermal phenomena will be observed, corresponding to the 

mixture's two pure compounds. Otherwise, only one Tg should be observable in the glassy 

blend characterization for an utterly miscible mixture.  

For partially miscible blends, the expected behavior is somehow intermediate, with 

hard to identify thermal phenomenon due to the small amounts, tiny DH variations that rise 

from the imposed dilution, or the temperature range effect's superposition. 

 Four ranges of effects are observable in the Tg DSC experiment (Fig. 6A). The first 

one, ranging from -10.5 up to -6,2 0C, is associated with the 2-VP homopolymer, Mw from 

1250 up to 1300 amu, and the copolymer EGDMA-2-VP with Mw in the range of 4200 up 

to 4300 amu, Fig. 6A, and Fig. 7A. That temperature range is not associated with the pure 

residue of EGDMA, as can be seen in Fig. 7B. 

The second range, 30.4 up to 34.7 0C, is associated only with the 2-VP homopolymer 

with Mw at 1900 up to 2000 amu, Fig. 6A, and Fig. 7C.  
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 The third range, from 122.5 to 129.5 0C, is associated with the complete final 

decomposition of EGDMA homopolymer, with a boiling point of about 104 0C; after that 

temperature, the reactant became unstable. The temperature range is lower enough to 

discharge the 2-VP decomposition releasing cyanide fumes and nitrogen oxides (NO and 

NO2). Neither would it be attributed to the 2-VP residual synthesis components, such as 

styrene (boiling point of 145 0C), butadiene (boiling point of -4.4 0C), isobutylene (boiling 

point of -6.9 0C), and methyl-methacrylate (boiling point of 101 0C). 

 The fourth range, from 229.8 to 234.6 0C, is related to the copolymer EDGMA(4):2-

VP(1), already identified in the sample, Fig 6A, and Fig 7A. The expected decomposition 

temperature would be at about 280 0C for a pure (4:1) copolymer sample. Nevertheless, in 

residual 2-VP and EGDMA, secondary interactions can occur and eventually other 

copolymers of EGDMA:2-VP, since they are synthesized in bulk polymerization protocol. 

The observable phenomenon happens at a temperature higher enough to be compatible with 

possible different proportions of copolymer decompositions. 

4. Conclusions 

A comprehensive understanding of the interaction between monomer and template 

is desirable in molecularly imprinting. The proposed factor (MIF) allows accessing the 

specific interaction's contribution, involved in the molecularly imprinting. The MIF factor 

as shown allows obtaining detailed information from the studied system. The result is the 

specific net effect information over significant system characteristics. The system acid-base 

behavior is predictable by this information as far as the attractive or repulsive affinities can 

be understood and controlled. The MIP-14 (EDGMA(4)-2-VP(1)) was the most effective 

obtained MIP from the experimental combinatory analysis. Based on the combinatory by 

Box-Behnken experimental design, 14 systems were necessary to achieve the desired result. 

The Tg study allowed a better understanding of the thermal behavior and X-ray results for 

the MIP-lumefantrine, as identified as the better performance system by the MIF factor 

calculation. With the previous use of the MIF factor, the expensive and time-consuming 

procedure would be avoided. The power to predict the MIP behavior significantly impacts 

effective laboratory costs, resulting in velocity and hit rate with a simple monomer chemical 

properties database already available. 
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