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Abstract

A thermoanalytical study of the diethyldithiocarbamates of the platinum metals Pt(II),
Pd(II), Rh(III), Ir(ITT) and Ru(IIl) was carried out by means of DTA techniques in an inert at-
mosphere and in vacuum. Decomposition temperatures were determined and the mass loss
curves were obtained for these compounds in helium and in vacuum. The X-ray diffraction pat-
terns of the solid products of M(dtk), thermolysis were studied. The temperature dependences
of the saturated vapour pressures of the listed chelates were measured by flow and Knudsen
methods, and the vaporization paramcters were determined.
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Introduction

Studies of metal dithiocarbamates are of special interest because this class of
compounds exhibits striking structural features; another reason is the diversified
applications of these compounds as accelerators in vulcanization, as high-pres-
sure lubricants in industry, and also as fungicides and pesticides [1]. A large
number of papers and reviews dedicated to the synthesis, physicochemical and
X-ray diffraction studies of diethyldithiocarbamate complexes of metals [1-6]
involve thermogravimetry, differential thermal analysis, differential scanning
calorimetry, gas chromatography and mass spectrometry. Data have been re-
ported on the temperature dependences of the saturated vapour pressure for the
diethyldithiocarbamates of Co(II), Cd(II), Pb(Il), Cu(Il), Zn(I) and Ni(II)
[6—8]. However, data on thermoanalytical studies and on the determination of
evaporation parameters for the diethyldithiocarbamates of the platinum metals
are practically absent from the literature, with one exception [9], where thermal
studies of the complexes in an atmosphere of nitrogen were carried out.
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The goal of the present investigation was to study the thermal stabilities of the
diethyldithiocarbamate complexes of certain platinum metals and to determine
the parameters of the chelate vaporization processes.

Experimental

Synthesis

The diethyldithiocarbamates of Pt(II}, Pd(II), Ir(I1I), Rh(III) and Ru(III)
(M(dtk),) were synthesized according to the standard procedure described in [S].
The following salts were used as the initial compounds: K,PtCly, K,PdCly, IrCls,
K;:RhCl; and RuCl;. Sodium diethyldithiocarbamate ((C,H;s),NCS,;Na-3H,0)
was used as ligand source. A weighed quantity of the platinum metal salt was dis-
solved in a minimum amount of distilled water heated to 40°C, and an equivalent
amount of an aqueous solution of the sodium salt of the ligand was then added.
The required chelate complex gradually precipitated from the solution. The pre-
cipitated crystals were placed onto a filter, thoroughly rinsed with water and
dried. The compounds obtained in this way were purified by recrystallization
(from a chloroform-hexane mixture) and by column chromatography on silica
gel, a mixture of benzene and heptane being used as eluent. The complexes were
additionally purified by means of zone sublimation in a vacuum gradient furnace
at P=107% torr and T=250°C (except for Ru(dtk)s). The yield of the complexes af-
ter purification was 60 —80%. The compounds proved to be readily soluble in
chloroform, but somewhat less so in benzene. Crystalline Pt(dtk), is bright-yel-
low, Pd(dtk)s, Ir(dtk); and Rh(dtk); are orange, and Ru(dtk); is dark-brown.

The compounds were characterized by melting temperatures (Table 1) and
mass spectrometric data.

Thermoanalytical investigation

Studies of the thermal behaviour of the diethyldithiocarbamates of these
platinum metals were carried out with a Q-1000 Derivatograph (MOM), in he-
lium, in open ceramic crucibles. The masses of the weighed samples were
40-50 mg. The rate of gas admittance into the working chamber of the deriva-
tograph was maintained identical in all experiments, at 2042 I min~'. Melting
and decomposition temperature measurements were carried out with an accuracy
of £10°C. The rate of heating was 5°C min™",

Thermal investigation of the complexes in vacuum (0.001 torr) was carried
out with a Thermal Analyzer Basic Component TA 7000 (ULVAC Sinku-Riko)
at a heating rate of 5°C min™" (platinum crucibles), on weighed samples of 10 mg.

Mass spectrometric studies of gas-phase Ru(dtk); were carried out with a
MX-1310 mass spectrometer in the amu region up to 2000 m/z, the energy of the
ionizing electrons being 50 ¢V and the resolution 0.0001 amu.
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X-ray diffraction patterns of the products of metal diethyldithiocarbamate
thermolysis were studied with a DRON-3MC diffractometer, using CuK,, irra-
diation. The obtained phases were identified by using the ICPDS database [1, 2].

Vapour pressure

The density of the saturated vapour above solid and liquid Pd(dtk), and solid
Rh(dtk);, Ir(dtk); and Pt(dtk), was determined according to the flow transpira-
tion method. A detailed description of the experimental technique is given in
[10]. A measured volume of preliminarily dried inert carrier gas (helium) was
passed through the voluminous source with the initial compounds kept at a con-
stant temperature. Temperature was measured with an accuracy of £0.5°C, and
the gas flow rate with an accuracy of +2%. Preliminary calibration with refer-
ence compounds showed that the experimental error did not exceed =5%. The
amount of substance transferred into a definite volume of the carrier gas was de-
termined under quasi-equilibrium conditions from the mass loss in the source
and from the mass increase in the deposition zone. Comparison of these two val-
ues permitted conclusions concerning the thermal stabilities of the compounds
under investigation. The helium flow rate was varied within the range
0.5-51h™". Within the limits of the experimental error, the results of vapour den-
sity measurements were independent of the flow rate and experiment duration.
This shows that sublimation, evaporation and condensation processes take place
in these experiments under quasi-equilibrium conditions. This means that the
carrier gas is saturated with the vapour of the chelate under investigation, and the
influence of vapour diffusion is small. The data obtained allowed calculation of
the pressure of saturated vapour, assuming that the studied compounds were
transferred to the gas phase only in monomolecular form. In the event of partial
decomposition of the compound during evaporation, vapour pressure was calcu-
lated from the data on the mass of the substance deposited in the cold zonc.

The experiments involving studies of the temperature dependence of Ru(dtk);
vapour pressure were carried out in a cylindrical Knudsen chamber made of mo-
lybdenum (the dimensions of the inner volume were d=7 mm, 1=8 mm). The ef-
fusion hole was 0.3 mm in diameter, and the length of the channel was 0.2 mm.
Weighed samples of 3—10 g of the initial compound were evaporated at different
temperatures within one run of the experiment up to complete disappearance of
the chelate vapour. The temperature of the Knudsen chamber was set stepwise in
arbitrary steps, and at every established temperature the total mass spectrum was
recorded for 40—60 min. The coefficients B; in the equation P=B.Ji+T (which
links the values of the measured intensities of the ion current corresponding to
the molecular forms with the partial pressure of the vapour in the Knudsen cham-
ber) were calculated from the amount of the evaporated substance, using a known
equation [11].
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The experimental data obtained with the flow and Knudsen methods were
processed according to a special procedure [12]. The results are shown in the
form of the equation InP(bar)=B-A/T. The standard thermodynamic parameters
AH? and AS? describing the vaporization of the studied complexes were calcu-
lated trom the temperature dependences of the saturated vapour pressure.

Results and discussion

The mass loss curves obtained by heating the samples in the flow of helium
are shown in Fig. 1, while those obtained in vacuum are shown in Fig. 2. The data
relating to the thermoanalytical studies of the diethyldithiocarbamates of the
platinum metals in helium and in vacuum are shown in Table 1. The X-ray dif-
fraction patterns of the solid products of thermolysis formed on heating the
chelates in a helium flow up to 500°C show that only metal phases are present.
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80 : : : t
%0 190 290 390 490
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Fig. 1 Curves of mass loss in helium atmosphere for the complexes Ir(dtk), (1), Pt(dtk), (2),
Ru(dtk), (3), Rh(dtk), (4) and Pd(dtk), (5)
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In our opinion, the initial temperatures of the complex decompositions listed
in [9], which were obtained from the data of DTA in nitrogen, are too low
(~200°C for Ir(dtk)s;, Rh(dtk); and Ru(dtk);), since the chelates melt without de-
composition at higher temperatures (Table 1). This may be connected with the
purities of the obtained compounds, as the authors of [9] did not carry out any ad-
ditional purification of the compounds after the synthesis. The formation of met-
al sulfides at temperatures higher than 350°C, reported by the same authors [9],
is also doubtful, since this fact has not been confirmed by any additional studies.
The data we obtained from the X-ray diffraction patterns did not reveal phases of
metal sulfides in the products of thermolysis of the platinum metal diethyldithio-
carbamates.
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Fig. 2 Curves of mass loss in vacuum for the complexes Pd(dtk), (1), Pt(dtk), (2), Rh(dtk),
(3), Ir{dtk), (4) and Ru(dtk), (5)

The 100% mass loss of the samples of chelates heated at 340°C (Fig. 2) is evi-

dence of the high sublimation ability of the studied compounds, except for
Ru(dtk);.
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Table 1 Thermal properties of platinum metal diethyldithiocarbamates

Compounds  eofitlaviey e BTk  (icoem)  (vacoum
Pt(dtk), >265 275 300 260 ~100
Pd(dtk), 244 240 335 328 ~100
Ir(dtk), 265 265 320 270 90
Rh(dtk), 260 260 350 270 ~100
Ru(dtk), 235 235 250 275 70

The following qualitative sequence of increasing volatility of the platinum
metal diethyldithiocarbamates in vacuum was obtained from thermoanalytical
studies:

Ru(dtk)s ~ Tr(dtk)s ~ Rh(dtk); < Pt(dtk)s < Pd(dtk),

The temperature dependences of the saturated vapour pressure of the synthe-
sized compounds are shown in Fig. 3. The data for Pt(II), Pd(II), Ir(1II) and
Rh(IIT) were obtained by the flow method. It should be noted that Rh(dtk)s,
Pd(dtk), and Ir(dtk); sublime practically without decomposition. The vaporiza-
tion of Pd(dtk), and the sublimation of Pt(dtk), are accompanied by partial ther-
mal decomposition. For Ru(dtk),, the temperature dependence of the saturated
vapour pressure was measured by the Knudsen method, with mass spectrometric
registration of the composition of the gas phase, since the partial decomposition
of the compound at a measured partial pressure and the catalytic properties of the
metal did not allow use of the flow method. An additional mass spectrometric
study showed that the complex sublimes in high vacuum at temperatures above
440 K. The mass spectra suggest the following results: the maximum ion mass
registered in the used range of mass units corresponds to [Ru(dtk);]" (100%),
[Ru(dtk)s—64]" (47%), [SRu(dtk):]" (20%), [Ru(dtk):]" (57%), [Ru(dtk);—32]"
(26%), [Ru(dtk),—641" (9%), [Ru(dtk)+64)" (17%), [Ru(dtk)+32)* (13%) and
[Ru(dtk)—-2)* (14%). Mass spectrometric analysis of the products formed from
Ru(dtk); during heating showed the presence of the metal-containing forms
Ru(dtk); and Ru(dtk), in the gas phase. It was found that the effusing flow of
Ru(dtk); at a constant temperature within the range 440—-490 K was independent
of time, while that of Ru(dtk), at the same temperature decreased with time. Fur-
ther, in this temperature range we observed an increase in concentration of met-
al-free products corresponding to ligand fragments. The concentrations of these
products reached their maximum at a temperature near 470 K and decreased
strongly with further increase of temperature and time. At temperatures above
500 K, both flows were observed to decrease rapidly with time down to complete
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Fig. 3 Dependences of the logarithm of saturated vapour pressure on reciprocal temperature
for the complexes Ir(dtk), (1), Rhidtk}), (2), Pd(dtk), (3). Pt(dtk), (4) and Ru(dtk), (5}

disappearance of the corresponding molecular forms from the gas phase. The re-
sidual substance was non-volatile, at least up to 650 K. The listed facts allow the
assumption that the heating of Ru(dtk); causes oligomerization in the condensed
phase. On the assumption that oligomerization had no impact on the partial pres-
sure of Ru(dtk)s saturated vapour within the temperature range 440-490 K, we
measured the temperature dependence of Ru(dtk)s vapour pressure. The vapor-
ization parameters obtained for all the compounds under investigation are pre-
sented in Table 2.

It can be concluded from these data that the complexes with octahedral struc-
ture are less volatile than those with square planar structure, which is likely to be
due to the increase in molecular mass of the compounds M(dtk)s. The following
sequence of increasing chelate volatility was obtained (for P=0.01 torr):

Ir(dtk);  ~ Rh(dtk); < Pt(dtk), < Ru(dik); < Pd(dtk),
(514 K) (514 K) (500 K) (485 K) (481 K)

For comparison, Fig. 4 shows the temperature dependences of the saturated va-
pour pressure for the synthesized compounds: Pd(dtk); (AH} (k] mol™)=153.1;
AS? (T K mol™)=224.4), Ir(dtk)s (AH% (k] mol™)=175.1; AS$ (J K mol™)=245.8),
and literature data for Cu(dtk), (AHS (kJ mol )=149.1; AS} (J K mol H=291.2)
and Co(dtk): (AH% (kJ mol )=177.5; AS?(J K mol™)=315.0 [6]. It should be

J. Thermal Anal., 53, 1998



.t DIETHYLDITHIOCARBAMATES

SYSOEV et al

94

CTFSEl  TIFOLOL  80°0+L/E8—,L/69ETT 0r6z1 €91 $87-05T S dea S(np)pd
LEFWYeT G TFIEST 0T O0+L/661—,L/9ES6Y 61481 6697 OPT-0TT b1 qns “onp)pd
6'€F90TT  OTFULST  TUOHLIOTT—.LITLLLS 16881 €597 097-01C i qns “Onpnd
OTITELYT L'SFCSST  €THLTEITLIOLYL6Y  $8TTT SSPE  0TTOLI L gns £(pp)ny
$LFSHT  OVFIGLL  8$0+LO16-.L/6T09€T  €901T LS6T  09T-05T 6 qns SCnp)IL
L'STL'SET  O'€FE69T Ly O+LIT6r—,L/919821  SOE0T SE'8T  097-0€T 11 qns ‘Cnp)uy
S e 4 il e swtod jo $59001J punodwoy)
Y [HV LIV-g=DT4u] ML 1oquIny

sfejowr dnois winuneid jo sajeweqresonpiA1aip Jo sassavoid uonezirodes Jo s1dowered sruruApouLay I, 7 SqELL

J. Thermal Anal., 53, 1998



SYSOEV ct al.: DIETHYLDITHIOCARBAMATES 95

0.0 -

-0.5

lg(P/Torr)

20+

i i n 1 i " "~ A n i " |

1.80 1.85 180 195 2,00 205 210 215
1000K/T

Fig. 4 Dependences of the logarithm of saturated vapour pressure on reciprocal temperature
for the complexes Ir(dtk), (1), Co(dtk), (2) [6], Pd(dtk), (3} and Cu(dtk), (4) [6]

noted that the sublimation enthalpy values for the diethyldithiocarbamates of the
metals in identical oxidation states are close to each other. However, the differ-
ence in volatility of the complexes of the trivalent metals is higher than that for
the bivalent metals.

Thus, data on the thermal stabilities of platinum metal diethyldithiocar-
bamates have been obtained in the present work, and the vaporization parameters
of the compounds have been determined. It can be concluded that the thermal
properties of these platinum metal diethyldithiocarbamates allow the use of
these compounds to obtain metal coatings by vapour deposition.

* ok K

This study was carried out with financial support from the Russian Foundation for Fundamental
Investigations, Grant No. 95-03-08703.

References
1 8. K. Sengupta and A. S. Kumar, Thermochim. Acta, 72 (1984) 349.
2 S. V. Larionov, Zh. Neorg. Khim., 38 (1993) 1616,
3 S. V. Larionov and L. A. Kosareva, Thermal Analysis, Proc. IVth ICTA Budapest, 1
(1974) 877.

5
4 A. S. Kumar, Thermochim. Acta, 104 (1986) 339.
5 L. H. Pignolet, Inorg. Chem., 13 (1974) 2051.

J. Thermal Anal., 33, 1998



96 SYSOEV ct al.: DIETHYLDITHIOCARBAMATES

A. Tavlaridis and R. Neeb, Fresenius Z. Anal. Chem., 293 (1978) 211.

K. J. Cavell, J. O. Hill and R. J. Magee, Thermochim. Acta, 33 (1979) 3¥3.

K. J. Cavell, J. O. Hill and R. J. Magee, Thermochim. Acta, 34 (1979) 155.

S. Kumar and N. K. Kaushik, Indian, J. Chem., 20A (1981) 512.

8. V. Sysoev, A. N. Golubenko, L. D. Nikulina and T. N. Martynova, Thermochim. Acta,

225 (1993) 137.

11 L. N. Sidorov, M. V. Korovob and L. V. Zhuravlyeva, Mass spectrometric thermodynami-
cal studies. Moscow, MSU, 1985, p. 92-93.

12 V. A, Titov and G. A. Kokovin, Mathematics in chemical thermodynamics, Nauka, Novosi-

birsk, 1980, p. 98-105 (in Russian).

6
7
8
9
0

1



