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This paper describes the synthesis and characterization of layered barium, calcium and strontium benzoates and 
evaluates the potential of these materials as catalysts in the synthesis of methyl benzoate. The methyl esterification of 
benzoic acid was investigated, where the effects of temperature, alcohol:acid molar ratio and amount of catalyst were 
evaluated. Ester conversions of 65 to 70% were achieved for all the catalysts under the best reaction conditions. The 
possibility of recycling these metallic benzoates was also demonstrated, evidenced by unaltered catalytic activity for 
three consecutive reaction cycles. 
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INTRODUCTION

Methyl benzoate, an ester derived from benzoic acid, is an 
important intermediate for the production of dyes, flavoring 
compounds, plasticizers, perfumes, pesticides and mold growth 
biomarkers. It is also used to produce higher esters by transesteri-
fication, in which methyl benzoate reacts with higher boiling point 
alcohols, such as butanol and benzyl alcohol, to produce benzyl or 
butyl benzoate and methanol as a secondary product. Butyl benzo-
ate is particularly used as a plasticizer, while benzyl benzoate is 
an excellent perfume ingredient, candy flavoring compound and 
insect repellent.1-9

Methyl benzoate can be synthesized in many ways, but Fischer’s 
esterification is the simplest and most widely used industrial method.9 
This method consists of adding concentrated sulfuric acid as a ho-
mogeneous catalyst to a mixture of benzoic acid and methanol in 
excess.7 As a result, high ester conversions are achieved in relatively 
short times compared to the time required for this same reaction 
using heterogeneous acid catalysts. However, there are some major 
drawbacks of sulfuric acid catalysis, including the generation of 
other oxidation and hydrolysis byproducts, equipment corrosion, 
the need for extensive purification procedures and the production 
of large volumes of acid waste, causing environmental problems.8-10

To meet the increasing economic and ecological challenges of 
green chemistry, it is important to develop an alternative process 
that combines high productivity with reduced waste generation, 
replacing conventional acid catalysts with eco-friendly materials. In 
this sense, the development of heterogeneous catalysts can contribute 
significantly to this process, since they can be easily recovered and 
reused, yielding purer products in a more environmentally benign 
industrial process. Layered carboxylates have been successfully 
used as heterogeneous catalysts for the esterification of fatty acids 
and transesterification of vegetable oils.11 However, to the best of our 
knowledge, studies involving layered benzoates as catalysts for the 
methyl esterification of benzoic acid have not yet been reported in 
the specialized literature.

In this work, aryl-carboxylate derivatives of benzoic acid with 
the metals barium, calcium and strontium were synthesized and their 
catalytic activity evaluated in the methyl esterification of benzoic acid. 

Studies were also carried out to evaluate the potential reuse of these 
catalysts in at least three consecutive reaction cycles.

EXPERIMENTAL

Synthesis of layered benzoates

Layered benzoates were synthesized by chemical precipitation 
using analytical grade reagents.12 A volume of 66.2 mmoles of benzoic 
acid was completely dissolved in 40 mL of methanol and neutralized 
under stoichiometric conditions with 66.2 mmoles of sodium hydro-
xide, which was previously dissolved in methanol by heating at 50 
°C under vigorous stirring. The white precipitate of sodium benzoate 
was dissolved by adding 50 mL of distilled water at room temperature 
under magnetic stirring.

Barium benzoate was obtained as a white solid precipitate by 
slowly adding a dilute solution of barium chloride dihydrate (Vetec, 
98.0%) to the sodium benzoate solution under magnetic stirring. 
The former solution was prepared by adding 33.1 mmoles of barium 
chloride dihydrate to 100 mL of distilled water. In the syntheses of 
calcium and strontium benzoates, the barium chloride solution was 
replaced by a solution containing 33.1 mmoles of either anhydrous 
calcium chloride (Vetec, 98.0%) or strontium chloride dihydrate 
(Merck, 98.0%) in 100 mL of distilled water.

The freshly synthesized white solids were centrifuged, washed 
extensively with distilled water and dried in a vacuum oven at a 
temperature of 60 ºC until constant weight. Finely divided white 
powders were obtained and identified as BaBZ, CaBZ and SrBZ for 
the corresponding Ba, Ca and Sr benzoates, respectively.

Esterification reactions

The catalytic activity of metal benzoates was evaluated in the 
esterification of benzoic acid P.A. (98%) using methanol P.A. (99.8%). 
The esterification reactions were performed in a Büchiglass Miniclave 
Drive pressurized steel reactor, based on the following variables: 
methanol:benzoic acid molar ratio (MR), the weight percentage of 
catalyst in relation to the total mass of benzoic acid (CAT), and the 
reaction temperature (T) (see Table 1 for details). The reaction vessel 
was sealed but not pressurized so that the internal pressure correspon-
ded to the vapor pressure of the methanol. To check the repeatability 
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of the method, specific conditions of the reactions (temperature of 
140 °C, MR of 10:1 and catalysts amount of 6%) were evaluated in 
three replicates.13

A systematic study was performed, where the temperature was 
varied from 120 to 160 °C (in steps of 20 ºC), MR from 6:1, 10:1 and 
14:1 and catalyst amount (CAT) from 2, 6 and 10%. Conversion of 
benzoic acid to methyl benzoate was measured by changes in acid 
number using the Ca-5a-40 method of the American Oil Chemists’ 
Society.14

Recycling experiments were carried out under the conditions in 
which the highest ester conversions were obtained. Also, the solid 
catalyst was characterized after each reaction cycle to evaluate the 
integrity of its layered structure. For this purpose, part of the solid 
catalyst, recovered after reaction completion, was separated, washed 
with acetone and distilled water then dried under vacuum at 60 °C 
until constant weight. A second reaction cycle was carried out with 
the remaining solid catalyst under identical conditions of temperature, 
time and MR as well as total reaction volume. This entire procedure 
was repeated once again for a total of three recycling stages, from 
which three aliquots of the spent catalyst were reserved for analysis.

Thermal conversions were also carried out in this study to serve 
as reaction controls, in which time and temperature were investigated 
under the same conditions as described above. Three replicates were 
also carried under intermediary reaction conditions to verify the 
reliability of the experimental results.13

Characterization of solid catalysts

The X-Ray powder diffraction (XRPD) experiments were con-
ducted in a Shimadzu XDR-6000 device with the Bragg Brentano 
geometry, using CuKα radiation of λ = 1.5418 Å, current of 30 mA, 
tension of 40 kV and a dwell time of 2° min-1. The samples were 
placed in glass sample holders and lightly hand pressed so that the 
crystals were perfectly set in the holder’s plane.

FTIR measurements were made in KBr (spectroscopic grade, 
Vetec) discs and collected in a Bio-Rad FTS 3500GX spectropho-
tometer, in the 400 to 4000 cm-1 range, with a resolution of 4 cm-1 
and accumulation of 32 scans.

The thermal analysis measurements were performed on a Mettler-
Toledo TG/SDTA 851 device under oxygen flow of 50 mL min-1, 
using platinum crucibles, heating rate of 10 °C min-1 and temperatures 
ranging from 30 to 1000 °C.

RESULTS AND DISCUSSION

Characterizations of layered benzoates

A comparison between the X-Ray diffraction patterns of benzoic 
acid and layered benzoates (Figure 1) demonstrated that the synthe-
sized solids were not contaminated by benzoic acid or any of the 
starting chlorides used in their synthesis.

Both barium and strontium benzoates showed similarities in their 
layered structural organization. Therefore, these compounds are pro-
bably isostructural with slight differences in basal plane distances, due 
to different ionic radii. Calcium benzoate is different from the others 
in that it does not present a uniform sequence of basal diffraction 
peaks, due to the different crystal morphologies.15-18 To calculate the 
basal distances of the synthesized benzoates, the peak of the highest 
possible order was used and the values calculated for BaBZ, SrBZ 
and CaBZ were 15.07, 15.73 and 16.5 Å, respectively. These values 
are consistent with the existence of double benzoate anion layers be-
tween metal centers, along the crystallographic axis “b”,15 taking the 
structure of calcium benzoate trihydrate as a reference (Figure 2).16,17

Figure 1. X-ray powder diffraction patterns of the synthesized layered ben-
zoates, CaBz (a), SrBz (b) and BaBz (c), and benzoic acid (d) 

Figure 2. Layer structure of calcium benzoate trihydrate (vision in the b x c 
plane of the structure) 

In calcium benzoate trihydrate, the structuring of the layer occurs 
by the tetrahedral coordination of benzoate groups and the metal 
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centers (Figure 2). This coordination can be easily verified by the 
FTIR spectra of the compounds, where there is a clear predominance 
of the vibrational modes that are characteristic of the aromatic rings 
of benzoic acid, along with the asymmetrical and symmetrical stre-
tching of C=O of carboxylate anions, which are coordinated to the 
metal centers (Figure 3).

The FTIR spectra of barium, calcium and strontium benzoates 
displayed the stretching vibrational modes of C-H bonds at 3059, 
3060 and 3066 cm-1, respectively, aromatic C-C vibration modes at 
1590 cm-1 (all at the same wavenumber) and very sharp absorption 
bands at 713, 700 and 713 cm-1, due to the out-of-plane C-H vi-
bration.15 The C=O bond vibration from the carboxylate group are 
those that most contribute to understanding the structure formation 
in layered metal benzoates.18-20 The asymmetrical stretching values at 
1517, 1540 and 1539 cm-1, and symmetrical stretching values of the 
carboxylate group at 1420, 1446 and 1429 cm-1 for barium, calcium 
and strontium benzoates, respectively, provide information about 
the coordination mode of the carboxylate to the metal center. The 
difference in wavenumber between the symmetrical and asymmetrical 
stretching (Dn), with values of 97, 94 and 110 cm-1 for barium, calcium 
and strontium benzoates, respectively, indicates that the carboxylate 
group is coordinated in bridge form between two metal centers.15,19-21 
Therefore, the layer structure is formed by the interaction between 
the oxygen present in the extremity of the carboxylate anion with a 
different metal center of barium, calcium or strontium, as observed 
in Figure 2, which depicts the proposed similar structures of the 
synthesized compounds.

The thermogravimetric (TGA) and differential thermal (DTA) 
analyses of the synthesized layered materials were shown to be 
similar to that originally observed for barium benzoate (Figure 4).18

In the DTG curve of BaBZ (Figure 4), the small endothermic 
peak in the region of 385 °C was attributed to the melting of the solid 
material. Between 400 and 555 °C, a mass loss of 47.4% observed in 
the TGA curve, accompanied by an exothermic peak at 540 °C in the 
DTA curve, represents the oxidation of the majority of the organic part 
of the benzoate structure. Finally, the beginning of decomposition of 
barium carbonate was only observed above 880 °C and was incom-
plete at 1000 °C. Based on these observations, the composition of 
anhydrous barium benzoate was stipulated as Ba[C6H5COO]2, which 

is in agreement with research data obtained elsewhere.18

In the TGA curve of CaBZ (Figure 1S, supplementary material), 
a dehydration mass loss of 15.3% was observed at temperatures up to 
101 ºC and this event was associated with an endothermic peak in the 
corresponding DTA curve. This moisture content was also consistent 
with the occurrence of O-H absorption bands in the FTIR spectrum 
of CaBZ, which are usually attributed to hydrogen bonding invol-
ving water molecules. Oxidation of the organic part of the benzoate 
structure was observed between 450 and 540 ºC with an additional 
mass loss of 52.6% in the TGA curve. This was accompanied by an 
exothermic peak at 534 °C in the DTA curve. The decomposition of 
CaCO3 began at 547 ºC and was complete only at temperatures above 
800 ºC, as can be seen in the TGA curve. With the results obtained 
by thermal analysis, the composition of trihydrated calcium benzoate 
was defined as Ca[C6H5COO]2.3H2O, which again is in agreement 
with the data available in the literature.22 

Finally, the TGA profile of SrBZ (Figure 2S, supplementary 
material) revealed the occurrence of a mass loss of 4.4% up to 190 
ºC in the TGA curve, which was associated with an endothermic peak 
at 170 °C in the DTA curve. This event was attributed once again to 
the loss of water present in the composition of metal carboxylate. 
Between 437 and 559 ºC, another event led to a mass loss of 45.7% in 
the TGA curve, where this event was accompanied by an exothermic 
peak at 535 °C in the DTA curve, whose cause was the oxidation of 
the majority of the organic part of the strontium benzoate structure, 
forming strontium carbonate. The decomposition of strontium carbo-
nate to SrO began at 770 ºC with a further mass loss of 22.6% in the 
TGA curve, without association with any visible thermal processes 
in the DTA curve. Based on these observations, the composition of 
strontium benzoate was stipulated as Sr[C6H5COO]2.H2O, which 
contains a structural water molecule in its composition.

Synthesis of methyl benzoate from benzoic acid

The use of metal benzoates in the esterification of benzoic acid 
with methanol was initially tested under reflux at 65 °C. In general, 
the solid materials were completely solubilized during the process but 
their recovery could be obtained semi quantitatively after removal of 
the methanol used in excess and the addition of 5 mL of acetone. The 
solubilization of the catalysts was also observed when the reaction 
was carried out in a closed stainless steel vessel, in which the inter-
nal pressure was determined by the most volatile component of the 
reaction system (methanol). It is important to mention that alcohol 
acts both as a reagent and solvent of the esterification reagents. The 

Figure 3. FTIR spectra of the synthesized benzoates. SrBZ (a); CaBZ (b) 
and BaBZ (c)

Figure 4. Thermal analysis curves of the synthesized barium benzoates - BaBZ
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process of solvation of reactants and catalyst by methanol probably 
occurred through the action of various intermolecular forces, such as 
ion-dipole attraction, Van der Waals forces and hydrogen bonding, 
while the solubilized benzoate molecules or their solvated clusters 
were responsible for the observed catalytic activity.23 Also, the ease 
with which the catalysts were recovered varied in the following order: 
barium, strontium and calcium.

To evaluate the time required to reach reaction equilibrium, the 
synthesis of methyl benzoate was performed as a function of time in 
the presence (catalytic conversion) and absence (thermal conversion) 
of a catalyst (Table 1). The catalyst used was barium benzoate, be-
cause this compound was more easily recovered after the end of the 
reactions, in comparison to the other evaluated benzoates.

The zero time indicated in Table 1 corresponds to the instant at 
which the reagents were introduced at room temperature into the re-
actor vessel. The reactor temperature was set to reach 160 ºC, which 
took 60 min to achieve. At this point, the levels of methyl benzoate in 
the reaction medium were 40.8 and 33.5% for the processes carried 
out in the presence and the absence of barium benzoate, respectively. 
After 270 min of reaction, the conversions obtained in both cases were 
not statistically different from each other, demonstrating that at this 
point the system had already reached its chemical equilibrium (Table 
1). Since a time of 4.5 h would be too long whereas a reaction time of 
2 h would already have achieved a higher conversion, the latter time 
was chosen to evaluate the performance of the catalysts.

The conversion of benzoic acid to methyl benzoate could also 
be obtained in the absence of a catalyst. This has been referred to as 
thermal conversion.24 Therefore, we carried out tests to quantify this 
thermal conversion and, by doing so, aimed to evaluate the actual 
catalytic performance of each metal benzoate or how much of the 
experimental conversion could be attributed to the catalytic effect 
of these layered compounds. The difference between the conversion 
obtained in the presence of catalyst and thermal conversion is treated 
in this work as a conversion gain (CG) and these values were measured 
and/or expressed in percentage points (p.p.).

Table 2 shows the percentage of thermal conversion of benzoic 
acid to methyl benzoate. The highest thermal conversion was 46.70% 
at 160 °C, with a molar ratio of 14:1, while the lowest was 16.09% at 
120 ºC, with a molar ratio of 6:1. The results of the center point were 
very similar, being close to 27, with a standard deviation of ± 0.18%. 

The results for the reactions in which the catalyst used was barium 
benzoate (CG data in Table 3), with the exception of experiments 8 and 
11, were all positive. Therefore, the catalytic activity of barium ben-
zoate as an effective contribution of this compound was characterized 
in the conversion of benzoic acid into the corresponding methyl ester.

The best conversions were obtained at 160 °C with a catalyst 
loading of 10% in relation to the mass of benzoic acid. Under these 
conditions, 68.52 and 65.49% of the benzoic acid was converted to 
methyl benzoate using methanol:benzoic acid molar ratios of 14:1 and 
6:1, respectively, indicating conversion gains (CG) of 26.48 and 21.82 
p.p. in relation to the thermal conversion alone. On the other hand, by 
expressing CG in relation to the amount of added catalyst, based on 
experiments in which MR and T were kept constant (experiments 12 
and 15), better performance was observed at lower catalyst loadings 
(10.03/2 = 5.00 vs. 21.82/10 = 2.18). This trend was also observed 
for the other two catalysts, suggesting structural similarities of the 
evaluated catalysts.

The results obtained for the methyl esterification of benzoic acid 
employing calcium benzoate as the catalyst are shown in Table 4. 

The catalyst performance of CaBZ led to positive CT values 
under all experimental conditions tested in this study. The best 
conversions, of 66.84 and 64.26%, were obtained in experiments 25 
and 26, respectively, where molar ratios of 6:1 and 14:1 were applied 
at 160 ºC with a catalyst loading of 10%. Also, by comparing the 
conversion derived from experiments 23 and 12, CaBZ was shown 
to have better catalytic performance at lower catalyst loadings and 
higher MR, because the CG value of the former was greater than 
that of the latter when expressed in relation to the amount of catalyst 

Table 3. Methyl esterification using BaBZ as catalyst

Variables Reaction condition Results

Exp MR CAT T MR
CAT 
(%)

T 
(ºC)

Ester 
(%)

CG 
(Ester p.p.)

8 -1 -1 -1 6:1 2 120 13.59 -2.50

9 -1 -1 +1 6:1 2 160 50.13 11.12

10 -1 +1 -1 6:1 10 120 29.56 13.47

11 +1 -1 -1 14:1 2 120 23.39 -2.23

12 +1 -1 +1 14:1 2 160 56.73 10.03

13 +1 +1 -1 14:1 10 120 31.67 8.05

14 -1 +1 +1 6:1 10 160 65.49 26.48

15 +1 +1 +1 14:1 10 160 68.52 21.82

16 0 0 0 10:1 6 140 37.23 9.46

17 0 0 0 10:1 6 140 37.44 9.88

18 0 0 0 10:1 6 140 37.51 10.11

Exp = experiment; MR = molar ratio; CAT = catalyst; T = temperature; CG 
= Conversion obtained in the presence of catalyst – thermal conversion; time 
of 2 h; standard deviation of ± 0.22; pp = percentage point.

Table 2. Methyl esterification regarding thermal conversion

Variables Reaction condition Results

E MR T MR T (°C) Ester (%)

1 -1 -1 6:1 120 16.09

2 -1 +1 6:1 160 39.01

3 +1 -1 14:1 120 23.62

4 +1 +1 14:1 160 46.70

5 0 0 10:1 140 27.77

6 0 0 10:1 140 27.56

7 0 0 10:1 140 27.40

Exp = experiment; MR = Molar Ratio (alcohol:benzoic acid); T = Tem-
perature; reaction time was established at 2 h; standard deviation of ± 0.18.Table 1. Results obtained in the production of methyl benzoate catalyzed by 

barium benzoate in function of time

Time (hours)
Ester (%) – Thermal 

conversion
Ester (%) – Catalyzed 

conversion

0 0 0

1 33.5 40.8

2 46.7 68.5

3 57.0 70.5

4 69.04 73.9

4.5 69.06 75.2

5 69.09 75.9

Experimental conditions: Temperature of 160 °C, molar ratio (alcohol:benzoic 
acid) of 14:1 and 10% of catalyst (in relation to benzoic acid mass).
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used for conversion (14.94/2 = 7.47 vs. 10.03/2 = 5.00, respectively).
Anhydrous calcium benzoate was also tested under the same condi-

tions used in experiments 25 and 26 (Table 4) and conversions of 74.42 
and 76.13% were obtained, which are all higher than those observed 
for the same tests with calcium benzoate trihydrate, demonstrating the 
greater number of active sites when the same mass of catalyst was used. 

The last carboxylate tested in this study was strontium benzoate 
(Table 5). Like BaBZ and CaBZ, the catalytic activity of this com-
pound was highest when esterification was carried out at 160 °C with 
10% catalyst in relation to the benzoic acid mass. Benzoic acid conver-
sions of 67.91 and 65.32% were obtained when methanol:benzoic acid 
molar ratios of 14:1 to 6:1 were used, respectively, which translated 
into CG gains of 21.21 and 26.31 p.p. when compared to the con-
trol. Once again, when CG was expressed in relation to the amount 
of catalyst used for conversion, the best performance was observed 
at the lowest catalyst loading (13.42/2 = 6.50 for experiment 45 vs. 
21.21/10 = 2.12 for experiment 48).

Characterization of catalysts after methyl esterification of 
benzoic acid

To evaluate the chemical integrity of the catalyst after reaction 
completion, the remaining solids were recovered by filtration, 
washed extensively with acetone and water, oven-dried at 60 ºC to 
constant weight and analyzed by XRPD (Figure 5 and Figures 3S 
and 4S, supplementary material). In all cases, the catalysts retained 
their layered structure with the same basal spacing of the original 
compounds, even though slight changes were observed with regard 
to their structural order.

The small decrease in the crystallinity of CaBZ (Figure 3S, 
supplementary material) and SrBZ (Figure 4S, supplementary ma-
terial) can be attributed to the restructuring of layers that were not 
perfectly stacked,25 as well as to the different times to which the 
reused benzoates were subjected in the new crystallization process. 
On the other hand, the FTIR spectra of the solids recovered after 
esterification of benzoic acid with methanol (Figure 6 and Figures 
5S and 6S, supplementary material) showed no significant change in 
the vibrational modes first seen in the original compounds, sugges-
ting that the catalysts retained their structural integrity after reaction 
completion (Figure 3).

Catalyst reuse in the methyl esterification of benzoic acid

The conversion values obtained after the first and second reuse 
of BaBZ, under the conditions used in experiment 15, were 66.78 
and 63.77%, respectively (Figure 7). These results showed that BaBZ 
maintained its catalytic activity for at least three reaction cycles, 
albeit with a slight decrease in the conversion values obtained. This 
was probably due to physical losses during catalyst recovery and 
recycling. Therefore, the total volume of the reaction media had to 
be slightly decreased in order to keep everything else unchanged, 
and since the reactor volume remained the same there was a higher 
amount of methanol in the reactor head space, leading to a propor-
tionally lower amount of methanol in direct contact with benzoic 
acid and to the observed decrease in benzoic acid conversion at the 
end of the reaction.

To check the validity of this assumption, tests were carried out 
in which the total reaction volume was also kept unchanged, along 
with all other reaction parameters (Figure 7). In these tests, calcium 

Table 5. Methyl esterification using SrBZ as catalyst

Variables Reaction conditions Results

Exp MR CAT T MR
CAT 
(%)

T 
(ºC)

Ester 
(%)

CG 
(Ester p.p.)

41 -1 -1 -1 6:1 2 120 27.89 11.80 

42 -1 -1 +1 6:1 2 160 58.66 19.65 

43 -1 +1 -1 6:1 10 120 33.65 17.57 

44 +1 -1 -1 14:1 2 120 31.45 7.83 

45 +1 -1 +1 14:1 2 160 60.12 13.42 

46 +1 +1 -1 14:1 10 120 35.99 12.37 

47 -1 +1 +1 6:1 10 160 65.32 26.31 

48 +1 +1 +1 14:1 10 160 67.91 21.21 

49 0 0 0 10:1 6 140 42.37 14.79 

50 0 0 0 10:1 6 140 42.85 15.31 

51 0 0 0 10:1 6 140 42.56 14.99 

Exp = experiment; MR = Molar Ratio; CAT = Catalyst; T = temperature; CG 
= Conversion obtained in the presence of catalyst – thermal conversion; time 
of 2 h; standard deviation of ± 0.3.

Table 4. Methyl esterification using CaBZ as catalyst

Variables Reaction conditions Results

Exp MR CAT T MR
CAT 
(%)

T 
(ºC)

Ester 
(%)

CG 
(Ester p.p.)

19 -1 -1 -1 6:1 2 120 21.32 5.23 

20 -1 -1 +1 6:1 2 160 57.93 18.92 

21 -1 +1 -1 6:1 10 120 31.25 15.16 

22 +1 -1 -1 14:1 2 120 25.61 1.99 

23 +1 -1 +1 14:1 2 160 61.64 14.94 

24 +1 +1 -1 14:1 10 120 35.52 11.90 

25 -1 +1 +1 6:1 10 160 64.26 25.25 

26 +1 +1 +1 14:1 10 160 66.84 20.14 

27 0 0 0 10:1 6 140 44.99 17.42 

28 0 0 0 10:1 6 140 45.09 17.52 

29 0 0 0 10:1 6 140 45.78 18.21 

Exp = experiment; MR = Molar Ratio; CAT = Catalyst; T = temperature; CG 
= Conversion obtained in the presence of catalyst – thermal conversion; time 
of 2 h; standard deviation of ± 0.43.

Figure 5. X-ray diffraction patterns of barium benzoate before (a) and after 
two reaction cycles (b,c)
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Figure 7. Reuse tests of layered benzoates in three consecutive reaction cycles 
(1 to 3). Ca1- CaBZ when using the same amount of catalyst and reagents 
of the first use cycle; BaBZ, CaBZ and SrBZ: the reagents were recalculated 
in relation to the catalysts amount recovered. The solid line crossing the “y” 
axis is related to the thermal conversion

Figure 6. FTIR spectra of barium benzoate before (a) and after two reaction 
cycles (b,c)

benzoate was employed as the catalyst because this showed the 
most pronounced decrease in catalytic activity after reuse (Figure 
7 – Ca1). Hence, several experiments were carried out from which 
a larger amount of CaBZ was recovered and recycling experiments 
were performed under the same conditions, including total reaction 
volume. Results of 66.49, 66.45 and 66.05% were obtained in the 
first, second and third consecutive reaction cycles, respectively, 
confirming the maintenance of the activity of the catalyst for at least 
two recycling stages. 

The values obtained for the reuse of CaBZ and SrBZ, under the 
conditions used in experiments 26 and 47, respectively, revealed the 
same behavior noted earlier for BaBZ, that is, a slight decrease in 
the percentage of ester obtained when compared to the conversion of 
the first reaction cycle using fresh catalyst (Figure 7). Thus, all the 
compounds showed good conversions after reuse for at least three 
reaction cycles.

CONCLUSIONS

The metal benzoates synthesized were found to have layered 

structures in which four benzoate groups coordinate with different 
metal sites to form a bidentade bridge. Also, analyses by X-ray pow-
der diffraction showed that these compounds had similar structures. 
These solid materials were shown to be catalytically active in the 
esterification of benzoic acid with methanol but, due to their capacity 
to solubilize in the reaction media, they behaved as homogeneous 
catalysts that could be recovered and recycled after removal of the 
excess methanol followed by precipitation with acetone. The catalytic 
effect of metal benzoates was consistently higher than the correspon-
ding thermal conversion, leading to ester conversions of 65 to 70% for 
all the catalysts under the best reaction conditions. The possibility of 
recycling these metallic benzoates was also demonstrated, evidenced 
by unaltered catalytic activity for three consecutive reaction cycles. 
Also, these metal benzoates were able to retain their original layered 
structure as well as their catalytic properties after use in one or more 
reaction cycles. These results show that layered metal carboxylates 
such as calcium, barium and strontium benzoates are stable, envi-
ronmentally benign and recyclable catalysts that meet the standard 
of green chemistry for a very important and well established organic 
reaction. Moreover, their unique properties can be easily adapted 
to existing industrial facilities based on conventional homogenous 
catalysis or be used as the active phase for new industrial processes 
based on heterogeneous catalysts and reactive distillation.

SUPPLEMENTARY MATERIAL

Available at http://quimicanova.sbq.org.br, in PDF file, with 
free access. Figure 1S. Thermal analysis curves of the synthesized 
calcium benzoates – CaBZ; Figure 2S. Thermal analysis curves of the 
synthesized strontium benzoates – SrBZ; Figure 3S. X-ray diffraction 
patterns of calcium benzoate before (a) and after two reaction cycles 
(b,c); Figure 4S. X-ray diffraction patterns of strontium benzoate 
before (a) and after two reaction cycles (b,c); Figure 5S. FTIR spectra 
of calcium benzoate before (a) and after two reaction cycles (b,c); 
Figure 6S. FTIR spectra of strontium benzoate before (a) and after 
two reaction cycles (b,c).
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Figure 1S. Thermal analysis curves of the synthesized calcium benzoates 
– CaBZ

Figure 2S. Thermal analysis curves of the synthesized strontium benzoates 
– SrBZ

Figure 3S. X-ray diffraction patterns of calcium benzoate before (a) and after 
two reaction cycles (b,c)

Figure 4S. X-ray diffraction patterns of strontium benzoate before (a) and 
after two reaction cycles (b,c)
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Figure 5S. FTIR spectra of calcium benzoate before (a) and after two reac-
tion cycles (b,c)

Figure 6S. FTIR spectra of strontium benzoate before (a) and after two 
reaction cycles (b,c)


