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The thermal decomposition of the interlayer complexes of homoionic samples of
montmorillonite with the carbamate insecticide pirimicarb (2-dimethylamino-5, 6-dimethyl
pyrimidin 4-yl-dimethyl carbamate) was studied using TG and DSC techniques. The
decomposition of the organic compound was followed by IR spectroscopy and X-ray diffraction.
It was observed that the thermal decomposition of pirimicarb is catalyzed by adsorption by the
clay. Both the catalytic capacity of the clay and the values of the decomposition enthalpies
depend on the characteristics of the interlayer cation of the montmorillonite.

The carbamate insecticide pirimicarb (2-dimethylamino-5, 6-dimethyl
pyrimidin-4-yl. dimethyl carbamate) forms regular interlayer complexes with
homoionic samples of montmorillonite. These complexes, previously studied by X-
ray diffraction and IR spectroscopy [1] have a d(001) basal spacing that ranges
between 16.98 and 18.55 A, according to the type of interlayer cation; the
mechanism of interaction is mainly ion-dipole between the oxygen atom of the
C=0 group of the organic molecule and the interlayer cations of the silicate.

In the present work thermoanalytical studies were performed on Cu, Cd, Mg, Ca
and Ba montmorillonite complexes with pirimicarb using thermogravimetric
analysis (TG) and differential scanning calorimetry (DSC). The decomposition of
the organic adsorption compound was followed by X-ray diffraction and IR
spectroscopy.

- The relevant literature cites studies on the thermal decomposition of complexes
of montmorillonite with organic compounds [2-4] but references to
montmorillonite-organic pesticide complexes are very scarce, and they are
concerned with the thermal stability of complexes of montmorillonite with certain
organophosphorus compounds [5], with chiordimeform [6] and with paraquat [7].
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Experimental

The <2 pum fraction of Tidinit montmorillonite (Morocco) [8] saturated with
Mg?2*, Ca?*, Ba?*, Cu?* and Cd?* cations [9] was used. The pirimicarb was
obtained from Imperial Chemical Industries (PLC) (England). It is a crystalline
solid product with a melting point of 90.5°.

The montmorillonite-pirimicarb complexes were prepared by treating the silicate
with a solution of pirimicarb in 1,2-dichloroethane (0.4 mole) during 15 days. The
suspensions were filtered, the complexes washed with 1,2-dichloroethane to remove
excess insecticide and then dried at room temperature. It should be noted that Ba
montmorillonite subjected to this prolonged treatment with the solution of
pirimicarb forms a complex with a basal spacing of d(001) = 17.66 A; the
formation of this complex had not been observed previously with shorter periods of
treatment.

The TG and DSC curves of pure pirimicarb (diluted with Al,0,), of the
complexes and of the physical mixtures of montmorillonite with pirimicarb were
obtained on a Perkin—Eimer TGS-2 Thermogravimetric Analyzer and DTA 1700
High Temperature Differential Thermal Analyzer. Both instruments have
automatic cooling devices (with free and controlled rates) that begin to function
once the desired temperature is reached. The heating rate of the furnace was
12 deg min ! and a stream of N, was employed at a flow rate of 45 ml min~*. The
X-ray diffraction diagrams were obtained with a Philips 1730 diffractometer. The
IR spectra were recorded on a Beckman-Acculab-6 double beam spectrophotom-
eter using the KBr pellet technique.

Results and discussion

Figure 1 shows the TG and DTG curves of pure pirimicarb and of the complexes
of pirimicarb with montmorillonite saturated with different cations. The TG curve
of the pure compound shows a weight loss corresponding to the thermal
decomposition of the compound in the 130-275° temperature range, representing a
100% loss of the compound. The curves of the complexes show the weight losses
due to dehydration (50-150°) and dehydroxylation (600-700°) of the clay and also
two weight losses in the 160-390° and 400-550° temperature ranges. In the Cu and
Cd montmorillonite complexes the weight loss in the 160-390° temperature range is
greater than that taking place between 400 and 550°; in the Mg, Ca and Ba
montmorillonite complexes, the opposite occurs.

In order to discover the evolution mechanism of the montmorillonite-pirimicarb
complexes during the thermal treatment, an X-ray diffraction and IR spectroscopic
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Fig. 1 TG and DTG curves of: a) Pure pirimicarb and b) to f) complexes of pirimicarb with
montmorillonite saturated with cations: Mg?*, Ca?*, Ba2*, Cu?* and Cd?*

study was performed on the samples removed from the sample container of the TG
furnace after each weight loss. After the weight loss in the 160-390° range the
complexes yield X-ray diffraction patterns with d(001) spacings of 12.27-12.62 A,
showing that a destruction of the initial complex with a high spacing has occurred
(16.98-18.55 A). After the third weight loss all the complexes give the same spacing
of 11.0 A. Figure 2 shows the X-ray diffraction patterns corresponding to the
evolution of the Cu-montmorillonite-pirimicarb complex.

Figure 3 shows the IR spectra of pure pirimicarb, of the air-dried Cu-
montmorillonite-pirimicarb complex and of this same complex removed from the
sample container of the furnace after each of the weight losses. A study of these
spectra and of those corresponding to the remaining complexes under the same
conditions reveals: a) in the air-dried complexes, the presence of the main
pirimicarb bands with shifts in those corresponding to the stretching vibration of
the C=0 (1710 cm™!) and C—N (1510 cm ™) groups and of those of the
pyrimidine ring (1435 and 1390 cm " 1), as a result of the interaction of pirimicarb
with the interlayer cations (1); b) after the weight loss in the 160-390° range, the
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Fig. 2 XR diffraction diagrams of: a) Cu montmorillonite-pirimicarb complex, b) and c¢) Cu
montmorillonite-pirimicarb complex removed from the sample container of the TG furnace after
the weight losses in the 160-390° range and in the 400-550° range and d) Cu montmorillonite-
pirimicarb mixture removed from the furnace at 190° (after the melting of the pirimicarb)

disappearance of the stretching band corresponding to the C=0 group of the
pirimicarb and the persistence of the bands corresponding to the pyrimidine ring
(1600, 1520, 1450, 1370 and 1335 cm™!) and c) after the third weight loss, the
disappearance of all the pirimicarb bands. These results are in concordance with
those obtained using X-ray diffraction technique and furthermore show that after
the second weight loss a compound is present in the interlayer space of the clay; this
is a product of the decomposition of pirimicarb and does not contain the C=0
group though it does contain the pyrimidine ring.

The montmorillonite-pirimicarb mixtures, prepared with a proportion of
pirimicarb similar to that found in the complexes, yield TG curves that are
practically identical with those of the complexes. X-ray diffraction (Fig. 2d) and IR
spectroscopy reveal that after the melting of the organic compound (105°) the
complex is formed in the melt phase; the latter thermal decomposition process is the
same as that of the corresponding complexes.
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Fig. 3 IR spectra of: a) Pure pirimicarb, b) Cu montmorillonite-pirimicarb complex, ¢) and d) Cu
montmorillonite-pirimicarb complex removed from the sample container of the TG furnace after
the weight losses in the 160-390° range and in the 400-500° range

According to these findings, it may be deduced that the molecules of free,
adsorbed or clay-mixed pirimicarb decompose at 160-390°, giving off volatile
products. The UV spectrum of the gases collected under water at the outlet of the
furnace is the same in all three cases. These volatile products are given off in the
heating of pirimicarb, while in the heating of the complexes or of the mixtures, some
of them must remain partially trapped by the clay. Regarding the retained
compound, according to the IR spectrum of the complex after the weight loss in the
160-390° range and taking into account the general behaviour of carbamate
pesticides during thermal treatment [10], this is likely to be 2-dimethylamino-5, 6-
dimethyl pyrimidine-4-ol. The UV spectrum of the gases collected under water at
the outlet of the furnace after the weight loss in the 400-550° range is different from
that corresponding to the gases given off in the weight loss occurring in the 160-390°
range. The retention of the voiatile compound must occur with greater ease in the
case of the montmorillonites saturated with alkaline earth cations than those
saturated with transition metal cations. The high ionic potential of these transition
metal cations specially when they are dehydrated, leads to a strong electrostatic
attraction between the cations and the layers of montmorillonite which hinders
adsorption of the organic compound in the interlayer space [11].

J. Thermal Anal. 35, 1989



1684  SANCHEZ-CAMAZANO, SANCHEZ-MARTIN: THERMOANALYTICAL STUDIES

The nature of the interlayer cation of montmorillonite also affects the
temperature at which pyrolysis of the complexes takes place. These temperatures
vary according to the saturating cation in the following order
Cu = Cd <Mg<Ca< Ba. The pyrolysis temperature of pirimicarb is higher than
the pyrolysis temperature of all the complexes. Firstly, it may be seen that the
pyrolysis of pirimicarb is catalyzed by adsorption. Indeed, the interaction between
the C=0 group of the pesticide and the interlayer cations decreases the double
bond nature of the C=0 group, which must affect the stability of the molecule
adsorbed. The greater the polarizing power of the cation, or the greater its capacity
to accept electron pairs, the greater is the interaction energy and hence the greater is
the effect on the stability of the molecule, which will decompose at temperatures
lower than in the free state. These¢ catalytic properties of the surface of
montmorillonite in the decomposition of herbicides and insecticides have been
reported elsewhere [12, 13].

It should also be noted that in the Cu-montmorillonite complex the second
weight loss occurs in two stages, in the temperature ranges of 160-235° and
235-390° these must correspond to pyrolysis of the complex with loss of
decomposition products corresponding to ion-dipole and coordination interaction.
The latter kind of interaction with electron pair donor atoms is specially favoured in
the case of the Cu2™* cation with vacant d orbitals [11].
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Fig. 4 DSC curves of: a) Pure pirimicarb, b) to f) complexes of pirimicarb with montmorillonite
saturated with cations Mg2*, Ca?*, Ba?*, Cu?* and Cd?", g) Mg montmorillonite-pirimicarb
mixture and h) Cu montmorillonite-pirimicarb mixture
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Figure 4 shows the DSC curves of pure pirimicarb, of the complexes of pirimicarb
with the different homoionic samples and of the mixtures of Mg and Cu
montmorillonite with pirimicarb. In the curve corresponding to pure pirimicarb,
two endothermic peaks can be seen; these correspond to the melting (105°) and
pyrolysis of the compound (310°). Apart from the endothermic peaks correspond-
ing to the dehydration and dehydroxylation of the clay, the curves of the complexes
and of the artificial mixtures show further two endothermic peaks. The temperature
ranges within which these effects take place are the same as those in which the
weight losses occur in the TG curves. The peak at 160-390° must correspond to the
pyrolysis of the complexes and the peak at 400-550° to the elimination of the
decomposition products trapped by the clay. The relationship between the
magnitude of these two endothermic effects in the different complexes is the same as
that existing between the corresponding weight losses in the thermogravimetric
curves.

The pyrolysis enthalpies of pure pirimicarb and of complexes of pyrimicarb with
montmorillonite saturated with different cations are givenin Table 1. The pyrolysis

Table 1 Pyrolysis enthalpies of pure pirimicarb and of
complexes of pirimicarb with montmorillonite
saturated with different cations

Sample AH, cal g~
Pirimicarb 26.8
Mg 15.6
Ca 12.8
Ba 74
cd 18.1
Cu 73.2

enthalpies of the complexes are the sum of the decomposition enthalpy of the
adsorbed pirimicarb and the desorption enthalpy of the decomposition products.
The values are lower than the decomposition enthalpy of pure pirimicarb, in
accordance with the catalytic effect of adsorption in the thermal decomposition of
the pesticide, and to a certain extent are related to the ionic potential of the
interlayer cations. An exception is the Cu-montmorillonite complex owing to the
fact that the peak (broad and flat) must correspond to the overlap of the two weight
losses that are observed in the TG curves and that have been mentioned above.
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Zusammenfassung — Mittels TG und DSC Techniken wurde die thermische Zersetzung der
Zwischenschichtkomplexe von homoionischen Proben von Montmorillonit mit dem Karbamatinsek-
tizid Pirimicarb (2-Dimethylamino-5,6-dimethylpyrimidin-4-yl-dimethylkarbamat) untersucht. Die
Zersetzung der organischen Verbindung wurde mittels IR-Spektroskopie und Rontgendiffraktion
verfolgt. Es wurde beobachiet, daB die thermische Zersetzung von Pirimicarb durch Adsorption an dem
Ton katalysiert wird. Sowohl die Katalysatorkapazitit des Tones als auch die Werte fiir die
Zersetzungsenthaipie hdngen von der Art der Zwischenschichtkationen des Montmorillonites ab.

Pesiome — Metogom TN 1 ACK m3yqeHO TepmuuecKoe pasNoXCHME MPOCHOMCTHIX KOMILIEKCOB
TOMOMOHHBIX 05pa3Ii0B MOHTMOPH/LITOHATA ¢ KapOaMaTHPOU3BOAHAIM HHCEKTHHMAOM IIHPHMEKADE
(2-aumeTHIaMIHO-5,6- TUMETH M PHMHTHH-4- | 1-TuMeTnKapbamar). Mccnenosanne TponykTon
pasiioxenus Obuic mpoBefeHo ¢ moMowblo MK clekTpockomny M PeHTreHO(a30BOrO AHANHM3A.
Hailneno, yro TepMHMYeCKOe paslioXeHHe NHPAMUKAp0a KaTAIM3HPYETCS aACOpPOHMER €ro 3THM
muHepanom. Katanurudeckast cHocOGHOCTb MUHEPATA M 3HAYEHNS SHTAJIBIHIA Pa3IOKEHH S 3aBUCAT OT
XapaKTePHCTHK MEXCIIOCBOTO KATHOHA MOHTMOPWJUIOHHTA.
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