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ABSTRACT 
Ethylmorphine is a narcotics compound that can be used as an antitussive and analgesic with low levels in the blood. 
Ethylmorphine can cause dependence and can be misused by society. To minimize the misuse of ethylmorphine, it is 
necessary to monitor ethylmorphine’s levels in the blood. The purpose of this study was to synthesize and examine 
the characteristics and performance of molecular imprinted polymer (MIP) for extraction ethylmorphine from the 
blood. MIP was synthesized using ethylmorphine as a template molecule, methyl methacrylate as a monomer, ethylene 
glycol dimethacrylate as a crosslinker, benzoyl peroxide as an initiator, and butanol as a porogenic solvent with two 
polymerization methods (bulk and precipitation). The result shows that the precipitation polymerization method 
produces sorbents that have better analytic performances than sorbents made by bulk polymerization; the value of 
affinity was 0,0964 mg/g and homogeneity was -0,7535. However, it is not selective to ethylmorphine compared to 
hydromorphone with a value of imprinting factor was 4,6502. Based on these results, MIP made by precipitation 
polymerization couldn't be used to extract ethylmorphine selectively but can be used to extract hydromorphone 
selectively. Physical characterization of the sorbent with FTIR and SEM shows that MIP made by precipitation 
polymerization method has a larger cavity and pore size compared to NIP from the same polymerization method. 
Keywords: Ethylmorphine, molecular imprinted polymer, solid-phase extraction, methyl methacrylate, butanol 
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INTRODUCTION 
Ethylmorphine, also known as dionine, is a narcotic compound derived from morphine that is useful as an 
analgesic and antitussive.1 As an opiate compound that works in the central nervous system, ethylmorphine 
can cause mood swings and dependence that can make ethylmorphine misused by the public.2,3 To 
overcome the misuse of ethylmorphine, several analytical methods have been developed to measure 
morphine content and its derivatives in biological samples, including using UV spectrophotometer 
instruments4, High-Performance Liquid Chromatography (HPLC)5, and capillary electrophoresis-mass 
spectrophotometry (CE-MS).6 
Because blood is a complex matrix and low levels of ethylmorphine in the blood, sample preparation 
methods are needed to extract ethylmorphine selectively. Sample preparation aims to concentrate the 
sample, isolate the desired compound, and remove impurities that can interfere with the analysis result.7 
Molecularly Imprinted-Solid Phase Extraction (MI-SPE) is the sample preparation method that has good 
selectivity and sensitivity.8 Separation using MI-SPE occurs in sorbents polymers with binding sites that 
can recognize the target molecule (template).9 The ability of a molecularly imprinted sorbent to separate a 
compound is affected by the template, monomer, porogen, and the polymerization reaction that occurs.10 
One of the monomers that have good affinity and selectivity is methyl methacrylate.11 Methyl methacrylate 
has a hydrogen bond acceptor that can facilitate hydrogen bond between monomer and template molecule.12 
The solvent in sorbent synthesis can determine the interaction strength and the morphology of polymers. 
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The polarity of the solvent must be low enough to reduce interference during template-functional monomers 
complex formation to obtain MIP with higher selectivity. One of the solvents that have a relatively low 
polarity is butanol.10 
The polymerization method that is often used in the MIP's sorbents synthesis is a method that uses free 
radical release mechanisms such as bulk, precipitation, suspension, emulsion, and sol-gel polymerization 
method. Among the other polymerization methods, the bulk and precipitation method is the easiest, 
cheapest, and does not require the addition of other components such as stabilizers, emulsifiers, or 
suspending agents.13 
In this research, MIP for ethylmorphine was made using ethylmorphine as a template, methyl methacrylate 
as a functional monomer, ethylene glycol dimethacrylate was used as a crosslinker, and benzoyl peroxide 
as an initiator using two methods of polymerization (bulk and precipitation). Physical characterization and 
analytical performance were carried out on the synthesis results. This method is expected to be used as a 
sample preparation method that is selective to ethylmorphine. 
      

EXPERIMENTAL 
Material and Methods 
All of the material used is analytical grade. Ethylmorphine (Nakula Farma), acetonitrile (Fisher Chemical), 
benzoyl peroxide (Merck), butanol (Merck), dimethyl sulfoxide (Merck), ethanol 95%, ethylene glycol 
dimethacrylate (Aldrich), glacial acetic acid 96% (Merck), methanol (Merck), potassium bromide (Merck), 
and methyl methacrylate (Aldrich). 
Scanning Electron Microscope (JEOL JSM-6360 LA), Fourier-Transform Infrared Spectroscopy (FTIR) 
(Prestige-21 Shimadzu), UV-visible spectrophotometer (Analytik Jena Specord 200), centrifugation 
(Hettich Zentrifugen EBA 20), digital scales (Ohaus Pioneer), oven (Memmert), shaker (IKA® HS 260 
basic), ultrasonic (NEY 19H), water bath (Memmert), and glassware commonly used in laboratories. 
 
General Procedure 
Determination of Monomer-Template Association Constant  
Determination of the association constant is carried out to describes the magnitude of the interaction that 
occurs between monomer and template. Ethylmorphine 20 mg/L solution in butanol was measured by UV-
Visible spectrophotometer. Then, 15.000 mg/L methyl methacrylate was added gradually until the 
absorbance tends to stable. The association constant was calculated using the Benesi-Hildebrand equation: 

1

∆Y
=

1

Y∆HGKa[G]
+  

1

Y∆HG
 

ΔY = absorbance deviation; YΔHG = absorbance difference at the end of the titration; Ka= association 
constant; [G]= concentration of the monomer14. 
 
Synthesis of Ethylmorphine-Imprinted Polymer using Bulk Polymerization Method 
Ethylmorphine 0,3134 grams was dissolved in 3,5 mL of butanol and sonicated until dissolved. Then, 426 
µL of methyl methacrylate, 3,77 mL of EGDMA, and 250 mg of benzoyl peroxide were added to 
ethylmorphine solution and sonicated again. The vial is then sealed and put into a water bath at 80oC for 18 
hours.  The polymer that was formed was then mashed and filtered using a mesh size 60. Afterward, the 
polymer was washed using methanol: water (1: 1) 50 mL, then dried in an oven at 70oC for 18 hours. Non-
Imprinted Polymers (NIP) were also made as a control using the same procedure but without the addition 
of ethylmorphine.15,16 
 

Synthesis of Ethylmorphine-Imprinted Polymer using Precipitation Polymerization Method 
Ethylmorphine 0,3134 grams was dissolved in 350 mL of butanol and sonicated until dissolved. Then, 426 
µL of methyl methacrylate, 3,77 mL of EGDMA, and 550 mg of benzoyl peroxide were added to the 
ethylmorphine solution and sonicated. The bottle is then sealed and put into a water bath shaker at 80C for 
18 hours. The solution was then centrifuged and the precipitate of the polymer was washed by 50 mL of 
methanol: water (1: 1) and dried in an oven at 60 C for 18 hours. Non-Imprinted Polymers (NIP) were also 
synthesized using the same procedure as MIP without the addition of ethylmorphine.15,16 
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Extraction of Template 
Ultrasound-Assisted Extraction was used to removed ethylmorphine from the MIP sorbents. MIP sorbents 
dissolved in 50 mL of methanol: acetic acid (9: 1) in beaker glass. Extraction was carried out in a sonication 
device for 3 hours. Afterward, the solution is filtered and washed using methanol: water (1: 1). The sorbents 
dried in an oven at 60C for 18 hours.17 
MIP sorbent was monitored using 20 mg sorbent in 5 mL methanol with 3 hours shaken. After 3 hours, the 
filtrate from the MIP and NIP solution is taken and monitored using a UV-Visible spectrophotometer. The 
extraction process is complete when the filtrate is not containing the template molecule.18 
 
Evaluation of Binding Ability 
Evaluation of binding ability was carried out in butanol, dimethyl sulfoxide (DMSO), and acetonitrile. 
Twenty milligrams of MIP sorbent were added by 5 mL ethylmorphine in the different solvents in a closed 
vial. The vials were shaken by shaker for 3 hours and then the filtrate from the mixture was measured by 
UV-Vis Spectrometer. The binding ability was calculated by the deviation between the initial and the free 
ethylmorphine concentration in the filtrate. The NIP sorbent was evaluated by the same procedure.16 
 
Evaluation of Binding Capacity 
Ethylmorphine was dissolved in the solvent that had the best binding ability in various concentrations (20, 
25, 30, and 35 mg/L). 5 mL of ethyl morphine solution from each concentration put into a vial that contains 
20 mg of MIP sorbent. The mixture was shaken by shaker for 3 hours and then measured by UV-Vis 
spectrophotometer. The same procedure was applied to NIP sorbent. The binding capacity was calculated 
by using Freundlich and Langmuir isotherm adsorption curve.15,19 
 
Determination of Selectivity 
Ethylmorphine, codeine, and hydromorphone HCl solution were used in the relative selectivity of MIP 
sorbent determination. 5 mL from each solution was put into a 20 mg of MIP sorbent in a different vial. 
The vial was shaken for 3 hours and measured by UV-Vis spectrophotometer. NIP sorbent was evaluated 
by the same procedure. The imprinting factor was calculated using the equation refers to previous 
research.20 

K =
(Ci − Cf)V

Cf m
 

 
IF = KD MIP KD NIP⁄  

 

KD = distribution coefficient; Ci = concentration of solution before adsorption; Cf = concentration of 
solution after adsorption; V = volume of solution; W = weight of the polymer.19,20  

 
Physical Characterization 
The physical characterization of the polymer was done using Fourier-Transform Infrared (FTIR) and 
Scanning Electron Microscope (SEM).15,22 

 

RESULTS AND DISCUSSION 
Determination of Monomer-Template Association Constant  
The value of the association constant calculated by the Benassi-Hildebrand equation (Fig.-1) is 10.5401 M-
1. The association constant illustrates the strength and the stability of the complex that formed between 
ethylmorphine and methyl methacrylate in butanol before polymerization.23 The higher the association 
constant shows the complex is more stable and has better imprinting effects.24 

 

Synthesis of Ethylmorphine-Imprinted Polymer using Bulk Polymerization and Precipitation 
Polymerization Method 
In MIP sorbent synthesis, several components like template molecules, functional monomers, porogenic 
solvent, cross-linkers, and initiators are required.25 The mole's comparison between the template, 



 
 Vol. 14 | No. 1 |424-432| January - March | 2021 

427 
METHYL METHACRYLATE AS FUNCTIONAL MONOMER                                                                                                S.A. Ramadhan et al. 

monomers, and cross-linkers is 1: 4: 20 because it is a basic comparison that is widely used in MIP 
synthesis.26 The functional monomer (methyl methacrylate) can form hydrogen bonds between oxygen 
atoms in the carbonyl group of methyl methacrylate and hydrogen atoms in ethylmorphine.12 
 

 
Fig.-1: Result of Association Constant of Ethylmorphine-Methyl Methacrylate in Butanol 

 
The cross-linker (EGDMA) will strengthen the complex between ethylmorphine and methyl methacrylate, 
maintain the polymer matrix that has been formed and maintain the stability of the polymer cavity after 
extracting ethylmorphine.27 The initiator (benzoyl peroxide) will trigger the polymerization process by 
releasing free radicals due to heating.28 After all the polymerization components mixed in the butanol 
solvent, the mixture is then sonicated to help the dissolution and oxygen removal from the solution that can 
slow down the polymerization process due to the formation of secondary free radicals.29 After the polymer 
is formed, the polymer from bulk polymerization is mashed and sieved to obtain a smaller polymer size. 
Meanwhile, the precipitated polymer from precipitation polymerization is centrifuged to be separated by 
its porogen. Finally, the sorbent polymer is dried in the oven for 24 hours to dry.30 
 
Evaluation of Binding Ability 
Evaluation of binding ability is carried out to determine the optimum solvent needed by the polymer for the 
adsorption process.31 Ethylmorphine is dissolved in three different solvents (butanol, acetonitrile, and 
DMSO) to see the swelling of the polymer in different solvents.32 Figure-2 shows that the sorbent from bulk 
polymerization has the best binding ability in DMSO with adsorption percent is 16.06 ± 1.7%. Figure-3 
shows the sorbent from precipitation polymerization has the best binding ability in butanol with adsorption 
percent is 51.5 ± 7.4%. The difference in the optimal solvent needed for the rebinding process occurs due 
to differences in pore shape resulting from each polymerization method.32 

 
Fig.-2: Graph of Binding Ability of MIP and NIP Sorbent by Bulk Polymerization (n=3) 
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Fig.-3: Graph of Binding Ability of MIP and NIP Sorbent by Precipitation Polymerization (n=3) 

 
Evaluation of Binding Capacity 
Evaluation of binding capacity was carried out to determine the affinity and capacity of MIP sorbent to bind 
to ethylmorphine.33 The adsorption isotherm equation (Freundlich and Langmuir) is used to describe the 
interactions that occur between ethylmorphine and MIP sorbent then show the relationship of the 
distribution of ethylmorphine in the solvent and MIP sorbent at the equilibrium state.34 The Freundlich 
Isotherm describes that the polymer has a heterogeneous surface.35 

Log Qe = log Kf +  log Ce 

The Langmuir isotherm describes that the adsorption process in sorbent is monolayer at the sorbent-specific 
homogeneous sites.36 

 =  +  Ce 

Qe = amount of analyte bound to the sorbent, Ce = amount of free analyte, n = heterogeneity index, Kf = 
Freundlich adsorption capacity, Ke = Langmuir content, Qm = Langmuir adsorption capacity.35,36 
Table-1 shows all the Langmuir constants have negative values and indicated that the sorbent adsorption 
model does not follow the assumptions of the Langmuir Isotherm.37 The adsorption process in sorbents 
follows the Freundlich isotherm adsorption equation instead. In Freundlich Isotherm, the value of the 
heterogeneity index (n) does not approach 1, so it can be assumed that the sorbent has a heterogeneous 
surface.35 The adsorption capacity of the NIP sorbent shows a greater adsorption value compared to MIP in 
the bulk and precipitation polymer. According to Table-1, it can be seen that the MIP sorbent does not 
produce good imprinting effects and adsorption capacity. 
 

Table-1: The Capacity of MIP Sorbent and NIP Sorbent of Bulk and Precipitation Polymerization 

Polymer Method 
Langmuir  Freundlich 

Qm Ke R2  Kf n R2 
MIP Bulk 0,0015 -0,14 0,1319  0,0067 -0,291 0,0076 
NIP Bulk 0,0003 -0,13 0,1097  0,4105 -2,014 0,2264 

MIP Precipitation 0,0054 -0,13 0,9735  0,0964 -0,754 0,84 

NIP  Precipitation 0,0025 -0,08 0,9403  0,4158 -0,381 0,8634 
 

Determination of Selectivity 
The selectivity evaluation is done by comparing the distribution coefficient (DC) and Imprinting Factor 
(IF) from ethylmorphine and other morphine derivatives that have similar structures with ethylmorphine, 
like codeine and hydromorphone HCl.38 The comparison of the chemical structure of ethylmorphine, 
codeine, and hydromorphone HCl can be seen in Fig.-4. 
Table-2 shows the DC value of ethylmorphine is higher than the DC value of hydromorphone HCl and 
codeine. That means the MIP from the bulk polymerization method binds to ethylmorphine the most. 
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However, the high DC value of the NIP sorbent makes the IF value of ethylmorphine is lower than the IF 
of hydromorphone HCl. In Table-3, the DC and IF values of ethylmorphine from the MIP precipitation 
method show that the sorbents bind hydromorphone HCl the most but the IF factor for ethylmorphine is 
also high and showed imprinting effect was exist (IF>1). IF factor of hydromorphone HCl higher than 
ethylmorphine because hydromorphone has a smaller size and molecular weight compared to 
ethylmorphine and codeine.2,39,40  

 
 

Fig.-4: Structure of (a) Ethylmorphine, (b) Codeine, and (c) Hydromorphone HCl 
 

Table-2: Selectivity of MIP and NIP Sorbent from Bulk Polymerization (n=3) 

Analyte Ethylmorphine Hydromorphone HCl Codeine 

Dc (ml/g) 
MIP 47,847 ± 6,12 40,523 ± 4,09 6,558 ± 2,35 

NIP 22,627 ± 10,76 17,716 ± 3,94 19,482 ± 5,23 

Imprinting Factor 2,115 2,287 0,336 

 
Table-3: Selectivity of MIP and NIP Sorbent from Precipitation Polymerization (n=3) 

Analyte Ethylmorphine Hydromorphone HCl Codeine 

Dc (ml/g) 
MIP 265,509 ± 85,09 662,337 ± 41,93 6,278 ± 2,1 

NIP 57,095 ± 28,04 96,059 ± 90,93 12,533 ± 6,3 

Imprinting Factor 4,650 6,895 0,501 

 
Physical Characterization 
FTIR is used to describe functional groups in sorbents, and SEM is used to describe the morphology of 
sorbents.16 In Fig.-5, the wavenumber around 1600 cm-1 can be related to C=C aliphatic from the vinyl 
groups in methyl methacrylate or C=C aromatic from ethylmorphine. The presence of an amine in the 
wavenumber around 2300 cm-1 can make sure the possibility that sorbent is still contained ethylmorphine 
molecules. The presence of ethylmorphine in MIP after extraction can be caused by an imperfect extraction 
process because the binding between ethylmorphine and sorbent is too strong. In Fig.-6, there no twin peaks 
(vinyl group) in the area of wavenumber around 900cm-1. However, the presence of a peak at wavenumber 
around 1600 cm-1 is probably derived from the C=C in the vinyl group on methyl methacrylate. The 
presence of vinyl groups in the spectrum indicates the presence of methyl methacrylate monomer molecules 
that are not bound to the template, and the polymerization process is running imperfectly.41 Based on Fig.-
7, the MIP and NIP from the precipitation method have a heterogeneous surface. MIP from the precipitation 
method has a larger cavity compared to the NIP from the same polymerization method due to the template 
extraction process.16 Figure-8 shows MIP from the precipitation method produces a larger particle size with 
an average size is 0.252 ± 0.03 µm. The larger particle size makes the binding ability of the sorbent is 
low.38,40 
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Fig.-5: FTIR Spectrum of (a) Ethylmorphine, (b) Bulk MIP before Extraction of the Template, (c) Bulk NIP, and (d) 

Bulk MIP after Extraction of the  Template 

 
Fig.-6: FTIR Spectrum of (a) Precipitation MIP before Extraction of the Template, (b) Precipitation MIP after 

Extraction of the Template, (c) Precipitation NIP, and (d) Ethylmorphine 
 

CONCLUSION 
Molecular Imprinted Polymer (MIP) for ethylmorphine with methyl methacrylate as a monomer in butanol 
with precipitation polymerization method has better analytical performance compared to MIP from bulk 
polymerization, with binding capacity values is 0.0964 mg/g and homogeneity is -0.7535. However, it was 
not selective to ethylmorphine compared to hydromorphone HCl. The results of the physical 
characterization of sorbent showed that MIP from the precipitation method is not completely polymerized 
and has a larger cavity and particle size than the NIP from the same polymerization method. 
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Fig.-7: SEM Analysis of (a) MIP and (b) NIP by Precipitation Polymerization (5000x)  

 

    
Fig.-7: SEM Analysis of (a) MIP and (b) NIP by Precipitation Polymerization (25000x) 
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