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ABSTRACT

Thermogravimetric (TG) and derivative thermogravimetric (DTG) studies of [M(S,CN-
HR),] complexes (M = Ni, Pd, Pt; R = Bu”, Cx, Ph) in dynamic nitrogen atmosphere have
been performed, to determine their modes of decomposition. All of the complexes showed
similar TG profiles. Mass loss considerations at the main decomposition stages indicate
conversion of the metal(II) dithiocarbamates to sulphides. Reaction orders in each case were
estimated by the shape characteristics of the corresponding DTG curves. Finally, kinetic
parameters (energy, entropy of activation and pre-exponential factor) were determined from
the TG curves.

INTRODUCTION

Recent results from our laboratory have demonstrated that dithiocarba-
mates with an electron-withdrawing group and a proton on the nitrogen
atom may lose the proton to form dithiocarbimates [1-3]. In particular, our
studies have shown [1] that when square-planar bis( N-monosubstituted-di-
thiocarbamato)platinum(Il) and palladium(II) complexes ([M(S,CNHR),])
are reacted with excess tertiary phosphine (L), a nucleophilic attack by
anionic RHNCS; on a coordinated bidentate dithio ligand can occur, to
give the neutral dithiocarbimato complexes [M(S,C=NR)L,]. The mecha-
nism of this reaction has been fully investigated by IEHMO calculations
based on the frontier molecular orbital approach of chemical reactivity [4].
Moreover, it has been demonstrated [2,3] that strong bases can also remove
a proton on the nitrogen atom to form anionic metal(Il) dithiocarbimates. In
contrast, reaction between nickel(II) dithiocarbamates and most of the
nitrogen- or phosphorus-donor ligands affords five-coordinate
[Ni(S,CNHR),L] and/or six-coordinate [Ni(S,CNHR),L,] adducts, de-
pending on the nature of the ligand used [5,6]. As an extension of our
previous work [7-12] on the chemical and electronic properties of the
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various coordination geometries obtainable within the dithio-acid system, a
study of the thermal decomposition of metal(II) N-alkyldithiocarbamates
was undertaken, in an attempt to provide more evidence for the substantial
differences in chemistry exhibited by nickel on the one hand and palladium
and platinum on the other. To this end we present here thermoanalytical
data (TG and DTG) of some typical d® square-planar dithiocarbamates with
substituents of varying electronic effects. Interpretation and mathematical
analysis of these data, as well as evaluation of order of reaction and the
energy and entropy of activation are also given.

EXPERIMENTAL
Preparation of samples

Samples of bis(N-alkyldithiocarbamato)metal(II) complexes ([M(S,CN-
HR),], where M=Ni, Pd, Pt, and R=Bu”, Cx, Ph) were obtained from the
reaction between the metal(II) chloride and the appropriate ammonium
dithiocarbamate in dimethylsulfoxide (DMSO) solution [3,8,12]. Recrystalli-
zation was carried out by dissolving the solid in an acetone-DMSO mixture
and reprecipitating with water (yield 85%). The ammonium N-alkyldithio-
carbamates were prepared and recrystallized as previously reported [3].

Instruments

The TG and DTG curves were obtained using a DuPont model 99
Thermal Analyser combined with a DuPont model 951 Thermogravimetric
Analyser. The measurements were performed using a dynamic nitrogen
furnace atmosphere at a flow rate of 60 ml min~" up to 900 ° C. The heating
rate was 10°C min~! and the sample sizes ranged in mass from 10 to 12 mg.

RESULTS AND DISCUSSION
Thermal behaviour

All of the complexes were subjected to TG analysis from 0-900°C in
nitrogen. The temperature ranges and percentage mass losses of the decom-
positions, as well as the temperatures of the greatest rate of decomposition
DTG,,, and the theoretical percentage mass losses are given in Table 1. The
thermograms obtained for most of the compounds were very similar in
character. All the complexes show two-stage weight loss in their TG/DTG
curves in a nitrogen atmosphere. The first weight loss corresponds to the
formation of their respective sulphides, while the second is due to decom-
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Fig. 1. Thermoanalytical curves of [Ni(S,CNHBu"),] in nitrogen.

position of the sulphides. These intermediates and end products have been
confirmed by elemental analysis. It may also be noted here that our
observations, based on elemental analysis, on the absence of dehydration
peaks in the DTG curves and on the absence of hydroxyl bands in the IR
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Fig. 2. Thermoanalytical curves of [Pd(S,CNHCx),] in nitrogen.
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Fig. 3. Thermoanalytical curves of [Pt(S;CNHPh), in nitrogen.

spectra indicate that all the compounds under investigation are anhydrous,
which is in agreement with our previous studies [3,12]. The TG and DTG
curves of [Ni(S,CNHBu”"),], [Pd(S,CNHCx),] and [PYS,CNHPh),] are
presented in Figs. 1-3.

In general, decomposition begins between 100 and 180°C. There then
occurs a rapid weight loss in which over 60% of the molecule is lost. It is
presumed that metal sulphide is formed at the end of this step, the
calculated weight loss showing close agreement with the experimental values.
The residue at this stage was also analyzed on sulphur content. Conse-
quently, mass loss at this stage is attributed to the evolved moieties
{S,CNHR + SCNHR}, according to the following reaction

[M(S,CNHR),] - MS + {RHNC(S)S + RHNCS) 1)

In the case of [Pd(S,CNHCx),] and [Pt(S,CNHPh),], however, the decom-
position of metal dithiocarbamate to metal sulphide occurs in two substeps.
The first weight loss corresponds to the elimination of one dithiocarbamato
group. This is followed by the elimination of one thiocarbamoylo group and
the formation of metal sulphide after the second weight loss. This main
decomposition step is followed by a final weight loss occurring at around
600° C and leaving a stable residue of the corresponding metal at 850°C.

Decomposition kinetics

The curves for [M(S,CNHR),] exhibited a characteristic, well-defined and
non-overlapping first stage decomposition pattern. This first stage represents
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the major decomposition step in each case, and mass loss considerations
indicated the products to be MS. The first stage was chosen for detailed
study. For this purpose the reaction order » was determined from the shape
characteristics of the corresponding DTG curves using the following ap-
proximation [13-16]

Xy =1—nV/@=" (2)

where X, is the conversion at the maximum decomposition rate. Kinetic
parameters (E*, Z) were then evaluated graphically by employing the
Coats—Redfern equation [17]

il
Wa ZR 2RT E* 1

(1-n)T? =log OE* [1_ E* ]_ 23R T (3)
where w,, is the mass loss at the completion of the first stage reaction, and ®
is the rate of heating (deg min~'). Finally, the entropies of activation AS*
were obtained from the equation

kT, AS™*

Z= —h—exp( R ) (4)
where k is the Boltzmann constant, /# is Planck’s constant and 7, is the
temperature at the DTG peak.

In studying the decomposition kinetics, it was considered worthwhile to
try one other method mentioned in the literature [15,18], using the Horo-
witz—Metzger equation [19]

1og[1 - ( w";v— id )H] —log(1—n) +

o

log

*

¢)
2.3RT?

(5)

where © is the difference between given temperature 7" and temperature 7,
corresponding to maximal decomposition rate (K).
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Fig. 4. Horowitz-Metzger plot for {Ni(S,CNHCx),].
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TABLE 2
Kinetic data
Complex * Parameters ®°  From Coats-Redfern Form Horowitz—Metzger
equation equation

[Ni(S,CNHC,H,),] E* 183.1 1849
w,=9.73 mg z 5.85x10% 3.56 x 10"
n=10915 AS* 276.3 2722

r 0.992 0.990
[Ni(S,CNHC¢H,,),] E* 215.2 240.2
W, =6.13 mg z 497x10% 6.69x10%
n=0.305 AS* 3321 3729

r 0.996 0.990
[Ni(S,CNHC,H;),] E* 244.6 283.6
w, = 6.90 mg z 8.87x102% 2.38x10%
n=0281 AS* 413.8 479.5

r 0.995 0.996
[Pd(S,CNHC,H,),] E* 97.0 123.3
w,=10.88 mg V4 313x10°8 1.56 x 101
n=0.658 AS* 59.6 111.3

r 0.994 0.998
[PA(S,CNHC(H,;),] E* 151.6 183.1
w,=525mg 4 1.19x 10" 7.24x 10"
n=10.335 AS* 146.6 200.0

r 0.997 0.992
[PA(S,CNHC(H,),] E* 198.6 2282
w,=3.07 mg z 4.30x 10" 1.49x10%
n=0.510 AS* 2.73.0 321.7

r 0.993 0.997
[PYS,CNHCH,,),] E* 121.7 153.8
w,=5.58 mg V4 8.62x10° 5.41x10%
n=0519 AS* 86.3 139.9

r 0.999 0.995

# w, = total loss of mass for the particular decomposition stage.

® Units: E*, kJmol™}; Z, 571 AS*, Jmol™' K™
¢ r = correlation coefficient of the linear plot.

Kinetic parameters calculated using the equations given above are sum-
marized in Table 2. Reaction orders and the correlation coefficients r for the
corresponding linear plots are also given. Typical curves concerning the
application of the above methods are given in Figs. 4-6. All the linear plots
were drawn by the least-squares method, and the corresponding correlation
coefficients » were also calculated by this means.

However, the orders of reaction for [Pt(S,CNHBu"),] and [Pt(S,CNH-
Ph),] were found to be 1.918 and 2.013, respectively. In both cases kinetic
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Fig. 5. Coats—Redfern plot for [Pd(S,CNHCx),].

parameters were computer-determined, using the procedures described by
Schempf et al. [20], although we had to design our own program. Hence, a
least-square polynomial fit of the time—sample weight values to the equation
[20,21]

w= 3, C(i+1)ti (6)
i=0

where 7 is the desired order polynomial, C the coefficient of the polynomial

and ¢ the time, was performed. From the w—¢ curve thereby generated, the

reaction rate constant for any point on the TG curve could be calculated

using the equation

n—1
- i+1]Cint
k= 5l - dw/di (7)
Y Ciant' i
i=0

Finally, the thermodynamic constants were obtained from a least-squares
analysis of the values of log k vs. 1000/T.
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Fig. 6. Horowitz~Metzger plot for [Pt(S,CNHCx),].
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On this basis, the activation energies for [Pt(S,CNHBu"),] and
[Pt(S,CNHPh),] were found to be 91.3 and 177.4 kJ mol ™, respectively.
The frequency factors were calculated as being equal to 2.94 X 107 and
1.77 x 10" 571, and the entropies of activation were found to be 40.6 and
228.0 J mol ™! K, respectively.
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