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ABSTRACT

Some alkaline earth monomethy! violurate hexahydrates were prepared in aqueous medium,
and characterized on the basis of elemental analysis and IR spectral data. The thermal
behaviour of these salts was studied with the aid of TG, DTG and DSC techniques. Heats of
dehydration were calculated from DSC curves.

INTRODUCTION

Violuric and 1,3-dimethyl violuric acid have been used for the spectropho-
tometric determination of alkaline and alkaline earth metals. A thermogravi-
metric study of these acids and salts has been reported by Taylor and
co-workers [1], who indicate the degree of hydration as well as the stability
range of the anhydrous compounds. We have recently shown [2] that
monomethyl violuric acid (HAMYV) forms highly coloured salts with alkaline
metals; these salts have been studied with the aid of TG, DTG and DSC
techniques [2]. We report here the results of the thermal behaviour of some
alkaline earth monomethyl violurates.

EXPERIMENTAL

Monomethyl violuric acid (2,4-dioxo-6-hydroxy-1-methyl-5-nitroso-
1,2,3,4-tetrahydro-pyrimidine) was synthesized using the method described
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previously [3]. Alkaline earth monomethyl violurates were prepared by
mixing an aqueous solution of alkaline earth acetate with an aqueous
solution of HAMYV. Solutions were heated to S0°C with constant agitation
for 2 h and left to crystallize. Twenty-four hours later, the precipitates were
filtered, washed with ethanol and dried. The monomethyl violurates pre-
pared, along with their elemental analysis and reflectance spectra data, are
presented in Table 1.

Infrared spectra of these salts were recorded in KBr medium in the region
4000-200 cm™! using a Perkin-Elmer 4250 spectrophotometer; reflectance
spectra were recorded in BaSO, medium in the region 800-200 nm using a
Beckman Acta C III spectrophotometer.

TG studies were made in air on a Mettler thermobalance model TG 50 at
a heating rate of 10°C min~ - whereas the DSC runs were carried out on a
Mettler differential scanning calorimeter model DSC 20 at a heating rate of
5°C min~'. The thermolytic reactions were run with samples varying in
weight from 4.530 to 13.484 mg.

RESULTS AND DISCUSSION

The methods used for the preparation and characterization of alkaline
earth monomethyl violurates yield materials of high purity, as can be judged
by satisfactory elemental analysis, IR spectra and thermoanalytical data. All
the compounds are obtained in crystalline form; they are soluble in water
and insoluble in common organic solvents, e.g., ethanol, ether, acetone, etc.

The most significant IR bands for isolated salts are collected in Table 2.
These assignments have been realized on the basis of the empirical band
assignments for the free monomethyl violuric acid [4].

Figures 1 and 2 present the TG and DSC plots of some alkaline earth
monomethyl violurates in a static air atmosphere. In all cases, the thermal
behaviour of these salts consists of two principal processes: dehydration and
decomposition of anhydrous salts to the respective alkaline earth carbonate
or oxide.

Dehydration occurs in the temperature range 50-175°C. The observed
weight losses in this temperature range are indicative of the hexahydrate
nature of these salts. Under the experimental conditions used in this work,
the dehydration process occurs in one step for Mg(AMV),-6 H,O and
Ba(AMYV), - 6 H,O, whereas for Ca(AMV), -6 H,0 and Sr(AMYV), -6 H,0
this dehydration occurs in two steps. The expected endothermic behaviour
for the dehydration process associated with these compounds has been
observed from DSC curves in almost the same temperature ranges. The
dehydration temperatures, observed weight losses, calculated weight losses
and dehydration enthalpies calculated from the DSC curves of Fig. 2 are
shown in Table 3. Values of dehydration enthalpies show a direct relation
with the radii of alkaline earth ions; this suggests that six molecules of water
are directly linked to the metallic cation.
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Fig. 2. DSC curves of (a) Mg(AMYV),-6 H,O, (b) Ca(AMV),-6 H,0,

and (d) Ba(AMV),-6 H,0.
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Fig. 1. TG and DTG plots of (a) Mg(AMV),-6 H,0, (b) Ca(AMV),-6 H,0, (c) SH{AMV),-

6 H,O and (d) Ba(AMYV),-6 H,0.
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TABLE 3

TG and DSC data for the dehydration of some alkaline earth monomethyl violurates

Compound Water loss Dehyd.  wt. loss (%) AHgenya
(dehydration) temp. (kJ mole™' H,0)
0 Found Calcd.
Mg(AMV),-6 H,0 -6 H,0 148 2238 22.86 53.5
Ca(AMV),-6 H,0 -3 H,0 96 11.6 11.06 24.1
-3 H,0 146 10.7 11.06 31.6
Sr(AMV),-6 H,0 -3 H,0 73 11.2 10.08 52.3
-3 H,0 112 10.9 10.08
Ba(AMV),-6 H,0 -6 H,0 108 19.4 18.45 515

Anhydrous magnesium and calcium monomethyl violurates are stable
from 190°C to 240°C. TG curves of these anhydrous salts show a fast
decomposition in the temperature range 240-410°C, followed by slow
decomposition from 410°C to 750°C; at this point the residual weights are
9.0% and 12.2% of the original weight which correspond narrowly with the
theoretical values required for MgO (8.53%) and CaO (11.47%), respectively.

Anhydrous strontium and barium monomethyl violurates are stable in the
temperature range 175-225°C; from the last temperature up to the end of
the run (800°C) the total pyrolysis of the pyrimidinic ring takes place in two
processes that apparently overlap under the experimental conditions; these
processes are associated with the exothermic effects in the DSC curves
(Fig. 2). At 800°C the percentage weights of the residues are 28.2% and
33.6% of the initial weights, and correspond to SrCO, (27.56%) and BaCO,
(33.71%), respectively. In all cases, the nature of the residue has been verified
by R-X diffraction methods.
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