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Abstract

The thermal decomposition of diethyldithiocarbamato tellurium (IV) (TDEC) is investigated by simultaneous TG/DTG/DSC-FTIR method
in nitrogen atmosphere. Experimental results indicate that the TDEC decomposition goes through two stages, namely, the initial elimination of
C,Hs—N=C=S, S and C,Hswith a molar ratio of 1:3:3, and the subsequent loss of CS,, N(C,Hs), and C,Hs—N=C=S with a molar ratio of 1:1:2.
The trustworthy model-free kinetic approach has been used for characterization of the nonisothermal decomposition of TDEC. Our study shows
that the activation energy for the two stages decomposition of TDEC greatly depends on the extent of conversion, implicating that the pyrolysis of

TDEC features multi-step characteristics.
© 2006 Published by Elsevier B.V.
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1. Introduction

As a class of both industrially and biologically significant
chemicals, dithiocarbamates (DTCs) have widely been used,
for example, as vulcanization accelerators and antioxidants in
rubber industry [1], as pesticides and fungicides in agriculture
and cosmetics [2,3], as anti-alcoholic drug [4,5] and tubercu-
lostatic [6] in medicine, and recently as co-adjuvant in AIDS
treatment [7]. In biological systems, DTCs are reported to be
immunorestorative [8] and/or myeloprotective [9,10]. Besides
the above benefits, various adverse effects [11,12], includ-
ing neurobehavioral abnormalities [13], cutaneous anaphylaxis
[14], immunosuppression [15], bone marrow and hematopoi-
etic toxicity [11], have also been testified to interrelate with
DTC exposure. In addition, DTCs are known to be inhibitors of
nuclear factor-kB (NF-kB) [16,17] in a variety of cell including
T lymphocytes [18,19], monocytes [20] and HL60 cells [21].
Those earlier studies have suggested the DTC-induced benefi-
cial or toxic effects go through three possibilities, namely, metal
chelation, enzyme alterations (both inhibition and induction) and
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disruptions in reduced glutathione homeostasis and/or changes
in the redox status of the cell via anti-oxidant/pro-oxidant activ-
ity [11].

Among DTCs, diethyldithiocarbamato tellurium (1V),
TDEC, is a powerful accelerator for natural rubber and most syn-
thetic elastomers such as styrene butadiene rubber (SBR), nitrile
butadiene rubber (NBR), ethylene—propylene—diene monomer
(EPDM) and butyls. Although it is regarded as relatively harm-
less due to its low acute toxicity to mammals, adverse phys-
iological effects are nevertheless observed. In a study on the
development of chicken eggs, for example, TDEC is reported
to cause increased early and late death rates as well as an
increased incidence of malformations [22]. Conceivably, tel-
lurium diethyldithiocarbamate could be broken down into tel-
lurium and carbon disulphide (CSy), both of which have been
reported to produce teratogenic effects in biological systems
[23]. Meanwhile, the organic part of TDEC, diethyldithiocarba-
mate, is also found to enhance the toxicity of other substances
such as 1-methyl-4-phenyl-1,2,3,6-tetra-hydropyridine (MPTP)
[24].

The widespread use and the increasing quantities of DTCs
being released into the environment warrant that further under-
standing on the issues of DTCs degradation [25] and their
impacts on physiological and environmental aspects should be
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achieved. It is well known that tellurium diethyldithiocarbamate
could be broken down with the formation of tellurium and car-
bon disulphide (CS,), however, surprisingly little is known about
its thermal decomposition kinetics. To understand the thermal
decomposition property and decomposition kinetics is of signif-
icance in selectively manipulating decomposition products of
TDEC.

In this paper, we focused our efforts on the thermal stabili-
ties of DTEC under nonisothermal conditions by a simultane-
ous TG/DTG/DSC-FTIR method and its thermal decomposition
kinetics. Our study illustrates that the activation energies of the
two stages decomposition of TDEC greatly depend on the extent
of conversion.

2. Experimental

The commercial grade diethyldithiocarbamato tellurium (1V)
(TDEC) from Zhejiang Ultrafine Powders & Chemicals Co., Ltd.
(China) was recrystallized twice from high-purity chloroform
prior to its use. The simultaneous TG/DTG/DSC measurements
were performed with a Netzsch STA 409C thermoanalyser under
nitrogen atmosphere. Throughout this study the flow of nitrogen
gas was fixed at 100 mL min—! and the heating rate was at 5, 8,
10, 12, and 15°C min~1, respectively. Samples of 6.0-8.0 mg
TDEC were placed in a Al;O3 crucible. The gaseous thermal
decomposition products were followed and analyzed by a Nico-
let Avatar 470 FT-IR spectrometer.

3. Results and discussion
3.1. Thermal decomposition of TDEC

Fig. 1 presents the typical TG, DTG and DSC curves mea-
sured at a heating rate of 10 °C min—1. The DSC curve, obtained
over a temperature range of 50-500 °C, illustrates that there
are four principal endothermic processes, in which the first
endothermic process spans the temperature range between 100
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Fig. 1. TG/DTG/DSC curves of the thermal decomposition of TDEC. The flow
rate of nitrogen is 100 mL min~!. The heating rate equals 10°C min~! and the
initial amount of TDEC is 6.20 mg.
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Fig. 2. Online FT-IR spectra of the off-gases of the pyrolysis of TDEC. All
reaction conditions are the same as those in Fig. 1.

and 185°C with the maximum at 111.2°C. As is indicated
by the TG curve, during the first endothermic process there
is nearly no mass loss, implicating that this process is domi-
nated by the melting of TDEC. In addition, our experiments
show that the peak temperature (7}) increases continuously with
the heating rate 8, in which a linear relationship is achieved.
The second endothermic process (185.2-226.1°C) with the
peak temperature at 208.9°C governs about 36.65% of the
total mass loss. As is illustrated by the real time FT-IR spec-
tra of the off-gases (see Figs. 2 and 3), a small amount of
ethyl isothiocyanate (C,Hs—N=C=S) with absorption bands at
2068 and 2047 cm~! was authentically detected. The existence
of alkylisothiocyanate has been confirmed in the decomposi-
tion processes of dialkyldithiocarbamato nickel (1) and copper
(I1) complexes [26]. Fig. 3 presents the corresponding evolu-
tion curve of CoHs—N=C=S as a function of temperature, which
clearly shows that the production of CoHs—N=C=S begins at
about 210.0°C, slightly higher than the initial decomposition
temperature (191.5°C) of TDEC as found on the TG curve in
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Fig. 3. The absorbance vs. temperature curves showing variations of concen-
trations of the thermal decomposition products as a function of temperature.
Reaction conditions are listed in Fig. 1.
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Fig. 1. Moreover, the decomposition rate of TDEC increases
rapidly with respect to temperature and reaches a maximum at
204.6°C (DTG curve). These experimental results suggest that
the escape of CoH5—N=C=S is dominated by the following two
steps [26]:
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The step 1 involves the competing elimination processes of
S and CyHs, in which CoHs is likely a cation according to the
earlier studies [26,27]. Based on the thermal analysis data, espe-
cially the real-time IR spectrum of off-gases, we believe that
C2Hs cation is unstable and may form other stable species which
cannot reach FT-IR spectroscope so that they are not registered
by FT-IR. Another gaseous product, elemental sulfur, has no
absorption bands in the range of IR spectrum. However, it is still
unclear whether three sulfur groups are eliminated after three
ethyl groups or vice versa. The step 2 includes the irreversible
escape of CoHs—N=C=S which is confirmed by the IR absorp-
tion. Our observed mass loss of steps 1 and 2 is 36.32%, 35.26%,
36.65%, 35.62% and 34.31% at heating rate of 5, 8, 10, 12, and
15°C min—1, respectively, which is in good agreement with the
theoretical calculation (37.45%). The above sequential elimina-
tion of S, CaHs and CoHs—N=C=S (molar ratio equals 3:3:1)
is also consistent with the fact that CoHs—N=C=S is detected at
relatively high temperature (7> 210 °C). Similar experimental
results were also reported in the pyrolysis of dithiocarbam-
ato metal complexes [26,27]. The third endothermic process
(226.1-300 °C) with the peak temperature at 247.9 °C exhibits
a significant mass loss of 43.93%. The maximum decompo-
sition rate reaches at 244.3°C (see Fig. 1 DTG curve). As
shown in the real time FT-IR spectra of the off-gases (see
Fig. 3), there are two major species in the thermal decomposi-
tion products during this process, namely, CS; with absorption
bands at 1533 and 2171 cm~! and C;Hs—N=C=S with absorp-
tion bands at 2068 and 2047 cm~1. Carbon disulfide also has
the same elution as the compound obtained from the decom-
position of zinc dibenzyldithiocarbamate [28]. The evolution
curve of CS; as a function of temperature (Fig. 3) shows that
CS; starts to produce at ca. 245 °C and reaches the maximum
concentration at about 325 °C. Notably, the production of CS;
exhibits a minimum value at 474.4°C. The theoretical pro-
duction of tellurium (Te) is 17.7%, which is about 2% lower
than the experimental result (19.61%). The thermal analysis
data suggests that the production of tellurium be expressed as

follows:
Te(SCNR)7

Step 3: Te(SCNR)x(S,CN Rz)

Te(SCNR)3(S2CNR3)

The step 3 involves the formation of tellurium by the com-
peting eliminations of CoHs5—N=C=S and S,CN(C;Hs)2 which
consists of two species, namely CS; and NR anions [26]. NR>
anions should be very active and may carry out very complex
reactions. This may be the reason why NR is not registered by

(R =C:Hs)

FT-IR in the experimental temperature range. The final endother-
mic process at above 440 °C is characteristic of the melting of
tellurium (m.p. 446.6 °C), which is in good agreement with the
theoritical melting point (449.65 °C) measured in the air. As cal-
culated from the data on the DSC, one can obtain the high purity
(99.96%) tellurium through the pyrolysis of TDEC.

Based on the thermal analysis data, the detailed thermal
decomposition scheme of TDEC may be represented as follows:

Te(S2CNRy),; where R = CoHs
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3.2. Decomposition kinetics

A model-free isoconversional method, developed by Flynn
and Wall [29] and by Ozawa [30] has been frequently used
in evaluating the activation energy of solid state reactions.
Expressed in the natural logarithm form, the Flynn-Wall-Ozawa
equation reads:

| | AE
og g = log (RG(a)
where A is the pre-exponential factor, R the gas constant, £
the activation energy, g the heating rate, o (o = AW/AW,) the
extent of conversion and T is the temperature. G(«) is an inte-
gral kinetic function. The activation energy related to a given
conversion, E, ;, can be obtained by plotting log g; as a function

E
) — 2.315 — 0.4567 — 1)
RT

Te (R=Clls)
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Fig. 4. Dependence of E, on « for the second endothermic process of the thermal
decomposition of TDEC.

of T(;l.l. Figs. 4 and 5 reveal similar dependencies of E, ; on «;,
namely, initially increasing and subsequently decreasing, both
for the second and third endothermic processes of the decompo-
sition of TDEC. Such a result implicates that the transformation
of TDEC features multi-step characteristics. The shape of the
dependence of E, on « suggests that the kinetic scheme for
the first decomposition process involves competing reactions
(step 1) followed by an irreversible one (step 2) [31]. The step 1,
involving the competing elimination processes of S and C,Hs, at
low conversions (« < 0.15), can account for the initial increasing
dependence of E, on «, and the step 2, including the irreversible
escape of CoHs—N=C=S, mainly contributes to the following
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Fig. 5. Dependence of E, on « for the third endothermic process of the thermal
decomposition of TDEC.

decreasing dependence of E, on « at relatively high conver-
sions. In this study, for the second decomposition, the shape
of dependence of E, on « implies that such a process is likely
arising from competing reactions followed by the consecutive
escape of off-gases (step 3) [31]. A decreasing dependence of
E, on « is often encountered in solid decompositions which
follow: solid — solid + gas. For example, similar dependence
has been observed for the thermal decomposition of wood [32],
(NH4)[VO(02)2(NH3)] [33] and for curing epoxy resins [34].

4. Conclusions

The thermal decomposition of TDEC has been investigated
under different heating rates. The real-time FT-IR spectra indi-
cate that there are two major gas products, e.g., carbon disulfide
(CS2(9)) and ethyl isothiocyanate (CoHs—N=C=S). Our mea-
surements show that TDEC decomposition goes through two
stages: the first stage is dominated by the formation of inter-
mediate Te[S2CN(C2H5)2(SCN(C2Hs))s] through the compet-
ing loss of ethyl and sulfur groups. Such a process is fol-
lowed by complete loss of CoHs—N=C=S. The second stage
involves the formation of tellurium by the competing elim-
inations of 2CyH5—N=C=S and CSy/N(C2Hs),. The detailed
kinetic scheme for the thermal pyrolysis of TDEC is suggested
to be as follows:

e Stage 1:

Te(SQCNR2)4_—z:>Te(SQCNR2)(SCNR)3

ZRN=C=8 14(S,CNR2)(SCNR),

e Stage 2:

—2R—N=C=S$

Te(S2CNR2)4(SCNR), ————=Te, (R = CzHs)
—CS3,—NRy

The energies of the two stages decomposition of TDEC
are found to greatly depend on the extent of conversion. The
understanding of the decomposition kinetics of TDEC is of sig-
nificance in selectively manipulating decomposition products of
TDEC for the benefits of industrial production, environmental
protection and occupational safety and health.
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