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Preparation and thermal decomposition of solid state cinnamates of alkali earth metals,
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ABSTRACT: Solid state compounds of general formula ML2.nH20 [where M is Mg, Ca, Sr or Ba;
L is cinnamate (C6HS5 -CH=CH-COO-) and n = 2, 4, 0.8, 3 respectively] have been synthetized.
Thermogravimetry (TG), derivative thermogravimetry (DTG), differential scanning calorimetry
(DSC) and X-ray diffraction powder patterns have been used to characterize and to study the
thermal stability and thermal decomposition of these compounds.
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Introduction

Solid state compounds of 4-dimethylaminobenzylidenepyruvate and 4-
methoxybenzylidenepyruvate with several metals ions, have been prepared and studied by
complexometry, TG, DTG, DSC, DTA and X-ray powder diffractometry.z'5 Cinnamate of cobalt,
nickel and copper, have also been prepared and characterized by analyses, magnetic moments,
vibrational and eletronic spectra, as well as, the thermal behaviour by thermogravimetry and

differential thermal analyses (DTA)I.
This work is concerned with the thermal behaviour of magnesium, calcium, strontium and barium

cinnamates. The dehydration and thermal decomposition were studied by means of TG, DTG and
DSC.
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Experimental

The alkali earth metals cinnamates (except Be and Ra) were prepared by neutralizing the
corresponding aqueous suspensions of metals carbonates with slight excess of cinnamic acid. The
aqueous suspensions were heated to ebullition until effervescence ceased, and filtered in Whatman
n° 42 filter papers. The solutions were dried in a water bath, washed with ethanol until elimination

of the cinnamic acid in excess and kept in a desiccator over anhydrous calcium chloride.

The metal contents of the compounds were determined by complexometric titrations with standard
EDTA solution, after samples of the compounds had been ignited to the metal oxide or carbonate
and dissolved in hydrochloric acid solutions. The water and cinnamate contents were determined
from the TG curves.

The TG and DTG curves were recorded on a Perkin-Elmer TGS-2 thermogravimetric system,;
samples of about 7 mg were used, in platinum crucibles, heated at a rate of 20°C min™! in flowing

air (» S mL min'l) at ambient pressure.

The DSC curves were obtained using a Mettler TA-4000 thermoanalyser system with air flowing at

a rate of about 150 mL min™!, heating rate of 20°C min™! and aluminium crucibles with perforated

COVCErS.

X-ray powder patterns were obtained with an HGZ 4/B horizontal diffractometer (GDR) equipped
with a proportional counter and pulse height discriminator. The Bragg-Brentano arrangement was
adopted using CoKa (1=1.7889 A ) and a setting of 38 kV and 20 mA.

Results and discussion

Table 1 presents the analytical and thermoanalytical (TG) data for the prepared compounds from
which the general formula ML,.nH,O can be established, where M represents Mg, Ca, Sr or Ba, L

is cinnamate and n =2, 4, 0.8, 3 respectively.

Table 1 - Anabrtical and thermoaalytical (T results.

Metal in %o AL*in% Water in %o
Compound
Theor. TG EDTA  Theor. TG Theor. TG
M gLs 2H,0 685 6.94 7.18 E210% 831 10.14 0.1
Calg 4HaO 926 998 9.90 7241 721 17.73 151
Sl 0 8Ha0 2211 226 2146 7426 743 364 34
Bal 5 ZHaO 2828 2E1 2827 B0.59 60.4 11.13 113

* L = cinhathate

The X-ray diffraction powder patterns, Figure 1, show that the strontium and barium compounds are
isomorphous. All the compounds have crystalline structure.
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FIGUERE 1 - Z-ray powder diffraction patterns of hydrated cinnamates of:
ra) Mg, (b Ca; (o) Srand (d) Ba.

The TG and DTG curves of the compounds are shown in Figure 2. These curves show mass losses
in steps and only for magnesium compound the formation of carbonate as intermediate is not
observed, probably due to the low thermal stability of the magnesium carbonate.
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FIGURE 2 - TG and DTG curves of hydrated cinnamates. Heating rate 20°C minl, air
fluzx = 5 mL mind; (a) Mg, (hy Ca; () Srand (d) Ba.

For the magnesium compound, Figure 2(a), the TG and DTG curves show mass losses in three
steps, between 90°C and 580°C. The first step observed up to 200°C that begins with a fast process
followed by a slow process is due to the dehydration with losses of 2H,O (Theor= 10.16%; TG =

10.1%). The second and third steps that occur in consecutive steps are due to the thermal
decomposition of the resulting anhydrous compound. The calculations based on the mass losses

observed in the TG curves, between 180°C and 450°C are in agreement with the loss of 2(C¢Hy);
2CH (Theor.= 50.82%; TG = 51.0%), and the rest of the ligand (last step) (Theor.= 27.65%; TG =

27.4%), with formation of magnesium oxide, MgO.

For the calcium compound, the TG and DTG curves Figure 2(b) show that the dehydration occurs
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in two steps, with losses of 2.2 H,O between 55°C and 110°C (Theor.= 9.75%; TG = 10.0%) and
1.8 H,O between 175°C and 230°C (Theor.= 7.98%; TG = 8.1%). The thermal decomposition of

the resulting anhydrous compound occurs with a slow process between 240°C and 600°C, with
formation of calcium carbonate as intermediate accompanied of small quantity of carbonaceous
residue (Theor= 57.64%; TG = 56.73%). The last step observed between 600°C and 820°C, the

mass loss that begins with a slow process up to 700°C followed by a fast process is ascribed to the
pyrolysis of carbonaceous residue and the thermal decomposition of the carbonate to the calcium
oxide CaO (Theor.=10.83%; TG = 11.22%).

For the strontium compound, the TG and DTG curves Figure 2(c) show that the dehydration also
occurs in two steps between 60°C - 100°C and 140°C - 180°C with losses of 0.4 H,O in each step
(Theor.= 1.82%; TG = 1.8%). The thermal decomposition of the resulting anhydrous compound

occurs between 200°C and 500°C and begins with a fast process followed by a slow process with
formation of strontium carbonate (Theor.= 59.12%; TG = 59.03%). The last step observed between

780°C and 900°C is due to the thermal decomposition of the carbonate to the strontium oxide, SrO
(Theor=11,10%; TG = 10.67%).

For the barium compound, the TG and DTG curves Figure 2(d) show that the dehydration occurs in
one step between 130°C and 230°C with losses of 3 H,O (Theor.= 11.13%; TG = 11.3%). The
thermal decomposition of the anhydrous compound that occurs between 230°C and 500°C, also
begins with a fast process followed by a slow process with formation of barium carbonate, as
residue (Theor.= 48.24%; TG = 48.37%).

The DSC curves of the Mg, Ca, Sr and Ba compounds are shown in Figure 3 (a)-(d). In all the
curves the endothermic peaks at 175°C (Mg), 135°C and 225°C (Ca), 120°C and 205°C (Sr) and

215°C (Ba) are attributed to dehydration in agreement with the mass losses observed in the TG and
DTG curves.
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FIGURE 3 - DEC curves of hydrated cinnamates. Heating rate 20°C min'!, air
fluzz = 150 mL min'!; (a) Mg, (b) Ca; (c) Srand (d) Ba.

For the magnesium compound, the small exothermic peak at 230°C suggest a recrystallization
process; the small endothermic peak and the sequence of exothermic and endothermic peaks

between 350°C and 460°C are attributed to the partial thermal decomposition of the anhydrous
compound in correspondence with the second mass loss of the TG and DTG curves. The broad

exothermic peak at 530°C is ascribed to the final pyrolisis of the compound.

For the other compounds, the exothermic peaks at 350°C, 450°C and 550°C (Ca); the broad

exotherm in the ranges 250°C - 600°C (Sr) and (Ba) are attributed to the thermal decomposition of
the anhydrous compounds, where the oxidation of the organic matter takes place in consecutive
steps.

Conclusion



The X-ray powder patterns verified that the alkali earth metal compounds studied in this work have
a crystalline structure.

The TG, DTG and DSC curves established the stoichiometry of the compounds in the solid state
and provided information about the thermal stabilities and thermal decomposition. These curves
also show that the thermal decomposition depend on the identity of the metal ion present.
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RESUMO: Foram preparados compostos de formula geral ML,.nH,0O, onde M ¢ Mg, Ca, Sr ¢ Ba;

L ¢ o cinamato (C,H4;-CH=CH-COO") e n = 2; 4; 0,8; 3, respectivamente. A termogravimetria (TG),

termogravimetria derivada (DTQ), calorimetria exploratoria diferencial (DSC) e difratometria de
raios-X foram utilizados na caracterizagdo, na verificacdo da estabilidade térmica e estudo da
decomposi¢io térmica desses compostos.
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