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ABSTRACT 
 

Magnetic vinylphenyl boronic acid microparticles, poly(ethylene glycol dimethacrylate-vinylphenyl boronic acid) [m-

poly(EGDMA-VPBA)], produced by suspension polymerization, was found to be efficient solid acid catalyst for the 

esterification of methanol and propionic acid. Characterization techniques such as FT-IR, Elemental analyses, ICP-AES, ESR, 

SEM and N2 sorption showed that both of Fe3O4 and H2SO4 are bonded to the polymer successfully. Esterification was studied 

for different molar percentages of H2SO4 at temperature range of 50-70 oC. The apparent activation energy was found to be 

28.4 kj.mol-1 for 10% H2SO4 doped m-poly(EGDMA-VPBA). Combining of strong acid H2SO4 with m-poly(EGDMA-VPBA), 

leads to materials with different functional properties. In addition, H2SO4 species could be introduced into the structure as acid 

centers, therefore this micro-dimensional catalyst has potential candidate for applications in the catalytic esterifications such 

as propionic acid with methanol. 
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1. INTRODUCTION 

 

The esterification reaction is a liquid-phase process, where the limiting conversion of the reactants is 

determined by equilibrium [1]. Despite the strong catalytic effect, the use of homogeneous catalyst 

suffers from several drawbacks, such as the existence of side reactions, corrosion of the equipment and 

the need to deal with acidic wastes [2-5]. The use of solid acid catalyst has received great attention 

because of distinct advantages, such as the higher purity of the products and easily removing of catalyst 

from the reaction mixture [6-7]. Heterogeneously catalysed chemical reactions are dramatically 

influenced by the strength and the number of acid sites as well as the morphology of the support (surface 

area, pore size, etc.) [8]. Since the surface modification permits tailoring of the surface properties for a 

potential application, so catalysis, functionalizing the surface of polymeric materials with organic 

groups have been investigated extensively [9]. Conventionally, boronic acid carrying agarose or 

acrylamide-based polymeric beads have been used in chromatographic studies involving separation [10-

14]. Their unique properties as mild organic Lewis acids and their mitigated reactivity profiles, coupled 

with their stability and ease of handling, makes boronic acids a particularly attractive class of synthetic 

intermediates. Moreover, because of their low toxicity and their ultimate degradation into the 

environmentally friendly boric acid, boronic acid can be regarded as “green” compounds [15]. A 

combination of sulfuric acid and H3BO3 is useful for the direct esterification of phenols, a reaction that 

usually fails even with strong mineral acids. Under H2O removal, phenyl benzoate is produced in a 94 

% isolated yield [16]. Trifluorobenzene boronic acid has also been proposed as an acylation catalyst, 

which is, however, more effective for amines than for alcohols [17]. 

 

Studies on the preparation of various magnetic polymer microspheres have attracted more and more 

attention because magnetic seperations are relatively rapid and easy, requiring simple equipment as 

compared to centrifugal separation [18]. More specifically, superparamagnetic iron oxide particles in 
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nano regime are extensively used in bioseperation for their well-established biocompatibility [19]. In 

addition, due to superparamagnetism of inorganic cores, recovery and further usage of these solids can 

be facilely achieved by applying external magnetic field [20]. 

 

In this work, a new magnetic micro-dimensional material with surface active boronic acid groups, 

magnetic poly(ethyleneglycol dimethylmethacrilate-vinylphenylboronicacid), m-poly(EGDMA-

VPBA), was produced by suspension polymerization technique in which the ferroferric oxide (Fe3O4) 

superparamagnetic nanoparticles was incorporated during the synthesis and m-poly (EGDMA-VPBA) 

was characterized by FT-IR, N2 sorption, BET, ESR, Elemental analysis, ICP, Thermogravimetric 

analyses to obtain information about its structural, morphological and magnetic properties. The material 

was doped with sulphuric acid at several molar percentages and its structural and catalytic properties are 

discussed for the esterification of propionic acid with methanol.  

 

2. EXPERIMENTAL 

 

2. 1. Preparation of M-Poly(Egdma-Vpba) And Its H2so4 Doped Forms  

 

The m-poly(EGDMA-VPBA) micro-dimensional particles (average diameter, 10-50 µm) were 

synthesised by copolymerizing EGDMA (21,2 mmol) with p-VPBA (3,38 mmol) and Fe3O4 in the 

presence of the initiator AIBN and stabilizer poly(vinyl alcohol) [PVAL].  Table 1 shows recipe and 

polymerization conditions for preparation of the m-poly(EGDMA-VPBA) micro-dimensional particles. 

H2SO4 doped m-poly(EGDMA-VPBA) acid catalysts were prepared by mixing of different percentages 

of H2SO4 solution (5%, 10% and 20%, respectively) with m-poly(EGDMA-VPBA) at 298 K in a sealed 

cylindrical pyrex reactor for 2 h. The solid was filtered and vacuum dried at 343 K overnight. 

 

2. 2. Characterization  

 

Nitrogen adsorption and desorption isotherms at 77.4 K were measured using Quantachrome 

Corporation, Autosorb-6 system. Surface area was calculated by the Brunauer-Emmett-Teller (BET) 

method, and pore size distributions was determined using the Barret-Joyner-Halenda (BJH) model on 

the desorption branch. The surface structures of the micro-dimensional particles were visualized and 

examined by scanning electron microscopy (SEM, CARL ZEIss EVO 40, UK). The presence of 

magnetite nano-powders in the particles was investigated with an electron spin resonance (ESR) 

spectrophotometer (EL 9, Varian, USA). 

 

FT-IR spectrums were recorded with ATR on a Perkin Elmer Spectrum 100 spectrophotometer. Bor 

composition was measured using inductively coupled plasma –atomic emission spectrometry (ICP-

AES; Shimazu ICPS-1000 IV). In order to test whether sulphur enters to the polymeric structure, m-

poly(EGDMA-VPBA) and its H2SO4 doped (5%, 10% and 20%, respectively) forms were subjected to 

elemental analysis with LECO CHNS-932 model elemental analyzer. The acid exchange capacities of 

the H2SO4 doped m-poly(EGDMA-VPBA) were measured by means of titration, using sodium chloride 

as exchange agent. In a typical experiment, 0.05 g of solid was added to 15 g of aqueous solution of 

sodium chloride (1M). The resulting suspension was allowed to equilibrate and thereafter titrated 

potentiometrically by drop-wise addition of 0.01 M NaOH (aq) [21]. 

 

2. 3. General Prosedure for the Esterification of Propionic Acid with Methanol 

 

In a typical procedure, a mixture of propionic acid (3.8 mL) and H2SO4 doped m-poly(EGDMA-VPBA) 

(0.5 g) in 1,4-dioxane (44.2 mL) was placed in a round bottom flask in the shaking water bath the 

temperature of which was controlled within ± 0.1 C0 at 250 rpm shaking speed. The suspension was 

preheated to the reaction temperature from 50 to 70 oC by 10 oC intervals and the esterification was 

commenced by injecting the preheated methanol (2.0 mL) into the mixture.  This was considered as the 
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zero time for a run. The total liquid volume was 50 cm3. Stoichiometric ratio of propionic acid to 

methanol was (1:1) and 1,4-dioxane was used as solvent in all experiments. Conversion of the reaction 

was monitored by titration using standard 0.1 M sodium hydroxide. To calculate the apparent activation 

energy the reaction temperature was changed from 50 to 70 oC by keeping the same experimental 

conditions. 

 

3. RESULTS AND DISCUSSION 

 

The suspension polymerization procedure provided cross-linked m-poly(EGDMA-VPBA) micro-

dimensional particles. The N2 adsorption/desorption isotherm and corresponding pore size distribution 

curve for the m-poly(EGDMA-VPBA) are shown in Figure 1 a-b. The BET surface area (SBET), pore 

volume (VP) and pore size are given in Table 2. As shown in Figure 1a, the m-poly(EGDMA-VPBA) 

micro-dimensional particles are found to be type IV (based on IUPAC classification) isotherms for the 

typical hysteresis loop in the mesopore range. We can see that the adsorption at relative pressure below 

0.2, which is ascribed to micropore adsorption. Along with the increase of relative pressure, increases 

in adsorption capacity are caused by the monolayer/multilayer adsorptions of nitrogen molecules on the 

mesopores [22-23]. Changing of pore sizes in the range of 1,8 nm (micro)-3.7 nm (meso) indicates that 

the magnetic particles contain both micropores and mesopores.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. (A) Adsorption/desorption isotherms of nitrogen at 77.40 K and (B) pore size distrubition 

obtained by Dv(d) according to average pore diameter for the  m-poly(EGDMA-VPBA) 

 

The surface morphology and bulk structures of the m-poly(EGDMA-VPBA) micro-dimensional 

particles are visualized by SEM which are presented in Figure 2. All the micro-dimensional particles 
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have rough surface and in the size range of 10-50 μm. In the SEM photograph of the bulk structure, a 

large quantity of well-distributed pores could be observed and they have netlike structure. The m-

poly(EGDMA-VPBA) micro-dimensional particles prepared in this study had this characteristics and 

this property increases the specific surface area, the binding capacity of micro-dimensional particles, as 

well as the mass transfer rate of binding. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. SEM photograph of the m-poly(EGDMA-VPBA) micro-dimensional particles 

 

The equilibrium swelling ratio for the m-poly(EGDMA-VPBA) micro-dimensional particles is 73% in 

water. It should be also noted that these micro-dimensional particles are strong enough due to highly 

cross-linked structure therefore they are suitable for column applications.  

 

Magnetic characteristics of magnetic materials are related to their type generally, while those of 

magnetic materials are usually related to the content of magnetic component inside. So, Fe3O4 content 

is very important to the magnetic responsibility of magnetic materials. In general, the higher Fe3O4 

content shows the stronger magnetic responsibility. For this reason, the average Fe3O4 content of the m-

poly(EGDMA-VPBA) micro-dimensional particles was determined by density analysis. The hydrated 

density of the m-poly(EGDMA-VPBA) micro-dimensional particles measured at 25 oC was 1.71 g mL-

1. By the same procedure, the density of Fe3O4 particles was found to be 4.94 g mL-1 at 25 oC. The 

density of non-magnetic poly(EGDMA-VPBA) micro-dimensional particles measured at 25 oC was 1.08 

g/mL. The magnetic particles volume fraction in the m-poly(EGDMA-VPBA) micro-dimensional 

particles can be calculated from the following equation derived from the mass balance: 

  AC

MC











               (1) 

 

where, MCA and,   are the densities of non-magnetic poly(EGDMA-VPBA) micro-dimensional 

particles, Fe3O4 nanopowder, and the m-poly(EGDMA-VPBA) micro-dimensional particles, 

respectively. Thus, with the density data mentioned above, the m-poly(EGDMA-VPBA) micro-

dimensional particles gel volume fraction in the magnetic micro-dimensional particles was estimated to 
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be 83.7%. Therefore, the average Fe3O4 content of the resulting m-poly(EGDMA-VPBA) micro-

dimensional particles was 16.3%.  The presence of magnetite nanopowder in the polymer structure was 

also confirmed by the ESR. The intensity of the magnetite peak against magnetic field (Gauss) is shown 

in Figure 3. A peak of magnetite was detected in the ESR spectrum. It should be noted that the non-

magnetic beads cannot be magnetized under this condition. It reflects response ability of magnetic 

materials to the change of external magnetic field firstly and it characterizes the ability of magnetic 

materials to keep magnetic field strength when the external magnetic field is removed. In order to show 

the magnetic stability, the m-poly(EGDMA-VPBA) micro-dimensional particles were kept in distilled 

water and ambient air for 3 months, and the same ESR spectrum was obtained. With the goal of testing 

the mechanical stability of the m-poly(EGDMA-VPBA) micro-dimensional particles, a bead sample 

was treated in a ball mill for 12 h. SEM photographs show that a zero percentage of the sample was 

broken. The g factor given in Figure 3 can be considered as quantity characteristic of the molecules in 

which the unpaired electrons are located, and it is calculated from Eq. (2). The measurement of the g 

factor for an unknown signal can be a valuable aid in the identification of a signal. In the literature, the 

g factor for Fe+3 is determined within the range of 1.4–3.1 for low spin and 2.0–9.7 for high spin 

complexes. The g factor was found to be 2.5 for the m-poly(EGDMA-VPBA) micro-dimensional 

particles. 

 

rH/hg                 (2) 

 

Here, h is the Planck constant (6.626x10-27 erg s-1);   is Universal constant (9.274x10-21 erg G-1);   

is frequency (9.707x109 Hz) and rH  is resonance of magnetic field (G).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. ESR spectrum of the m-poly(EGDMA-VPBA) micro-dimensional particles 

 

All samples were characterized by FT-IR (Figure 4) including the pristine polymer (a) and 5%-20% 

H2SO4 doped m-poly(EGDMA-VPBA) (b-d) micro-dimensional particles. Bands at 1450 and 2950 cm-

1, typical for C-H and phenyl groups [24] were recorded for all samples. The bands due to C=O stretching 

at 1720 cm-1, C-O vibrations at 1140 cm-1 for EGDMA were also observed for all samples independent 

of sulfonation. Additionally, a broadening of the band around at 3500 cm-1 can be related to hydrogen 

bonding network formation [25]. The introduction of Fe3O4 to the poly(EGDMA-VPBA) was confirmed 

by the band at 580 cm-1 assigned to the Fe-O absorption band (Samples a-d). After blending the polymer 
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with H2SO4, the strong absorption peak at 1030 cm-1 most probably belongs to –SO3
-(H+) [26-28]. The 

intensity of –SO3
-(H+) peak also increases in parallel with the increase of molar ratio of H2SO4 in the 

blends. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. FT-IR spectra of m-poly(EGDMA-VPBA) (a) and its 5% (b), 10% (c) and 20% (d) H2SO4 

doped forms 

 

Boron content of m-poly(EGDMA-VPBA) was estimated to be 0.5 wt. % by ICP-AES. This result 

indicates that VPBA was successfully incorporated into the matrix in the synthesis system.  

 

Elemental analysis was applied for the determination of the changes in the C, H, and S content of the m-

poly(EGDMA-VPBA) and its H2SO4 modified forms (Table 3). This is clear evidence indicating that 

H2SO4 is bonded to the polymer, thus being accessible and useful for adsorption and catalytic reaction 

processes. The data show more significant increase in the sulphur content after H2SO4 loading on the 

polymer. This effect is in good accordance with ion-exchange capacities measured by titration (Table 3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Catalytic conversion of 5% , 10% and 20% H2SO4 doped m-poly(EGDMA-VPBA) catalysts 

(1:1 molar ratio, 60 oC, 250 shaking speed) 

 

Figure 5 shows the evolution of conversion of propionic acid with reaction time in the batch reaction 

performed at 60oC over 5%, 10% and 20% H2SO4 doped m-poly(EGDMA-VPBA). As the loading of 
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H2SO4 increases, reaction rates and conversion values increase. In order to compare these different 

H2SO4 loaded catalysts thermodynamically, model esterification reaction, known to be reversible 

reaction of second order [29-31] was performed at different temperatures from 50 to 70 oC by keeping 

the same experimental conditions such as (1:1) mole ratio, 0.5 g (1 wt%) catalyst loading and by using 

1,4-dioxane as solvent. Reaction rate constants (k) were calculated according to pseudo-homogeneous 

second order rate equation [32-33]: 
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where XA, fractional conversion of propionic acid: 
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As the reaction temperature increased (Figure 6), the reaction kinetics was faster, but equilibrium 

conversion was nearly the same in the range of temperatures studied in this work. 
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The activation energy obtained for 10% H2SO4 doped m-poly(EGDMA-VPBA) is 28.4 kJ mol-1.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Effect of temperature on the conversion of propionic acid over 10% H2SO4 doped m-

poly(EGDMA-VPBA) catalyst (1:1 molar ratio, 250 shaking speed) 

 

In order to test the suitability  of the kinetic model (Eq. 3) for representation of the rate data, the plot 

was made of the left-hand side versus time with regression coefficients for different temperatures (Figure 

7). The values of k for the m-poly(EGDMA-VPBA-10% H2SO4) were calculated from the slope of the 

lines and found to be 4.073x10-3 L mol-1 min-1, 5.188x10-3 L mol-1 min-1, and 7.546x10-3 L mol-1 min-1 

for 50, 60, and 70 oC, respectively. The data fall on straight lines for m-poly(EGDMA-VPBA-10% 

H2SO4) confirming the applicability of the model for this reaction.  
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Figure7. Testing of kinetic model for different temperatures over m-poly(EGDMA-VPBA-10% H2SO4) 

catalyst (1:1 molar ratio, 250 shaking speed) 

 

4. CONCLUSIONS 

 

In this work, the catalyst possessing strong acidity was prepared by impregnating H2SO4 onto the m-

poly(EGDMA-VPBA). In the esterification of propionic acid with methanol at 60 oC of reaction 

temperature, 300 min of reaction time, 1:1 molar ratio of propionic acid with methanol, and 1.0 wt. % 

of the catalyst content in reaction media, catalyst exhibited conversion of propionic acid of 55 %. The 

result of field dependence of magnetization was consistent with the microscopic observation. This work 

demonstrates the potential of m-poly(EGDMA-VPBA) micro-dimensional materials for rational design 

of heterogeneous catalyst. H2SO4 doped poly(EGDMA-VPBA) improved the esterification activity 

because of the increasing of acid sites and, therefore has potential for application in esterification 

reactions.   
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