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THERMAL DECOMPOSITION OF TRIS(N, V-DISUBSTITUTED
DITHIOCARBAMATE) COMPLEXES OF As(lif}, Sb{ill) AND
Bi(i1)
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Thermal studies on tris{V, Ndisubstituted dithiocarbamates) of arseniciiil), anti-
mony(H1) and bismuth(iii) of the type M[S,CX]3 IM = As, Sb, Bi; X = NEty, NICH,140)
by simultaneous TG, DTG and DTA were carried out in air and nitrogen atmospheres. The
apparent activation energies were determined by the graphical method of Freeman—Carrolil,
modified for n = 1, and Piloyen’s two methods from the TG and DTG curves. The TTN
temperatures were calculated from the TG profiles.

A possibie mechanism of the decomposition reaction is suggested on the basis of the
results of their pyrolysis and their mass spectral data.

The intermediates obtained at the ends of various decomposition stages were identified
via elemental analysis and i. r. and mass spectral data, whereas the residues were identified
by X-ray powder diffraction analysis. A dimeric structure of the type M3{S;CN{CH;i40]4
IM = As, Sb) is proposed.

A literature survey reveals that little work has been done on thermai studies of
metal dithiocarbamate complexes, especiaily of the group V4 elements [1, 2].

As a continuation of our previcus work on metal dithiocarbamates [3], we describe
here the thermal investigation of tris(V, V-disubstituted dithiocarbamates) as As(ili},
Sb(itl) and Bi(lli) under the general formula MIS;CX]3 (X = NEty, N{CH2)40).

Simuitaneous TG/DTG/DTA studies in dynamic atmospheres of air and nitrogen
are reported and discussed. The resuits of pyrolysis, £ * values for the first stage of
decomposition, derived from the Freeman—Carroll [4] and Piloyan methods (5],
TTN caiculations [6)], and a proposed mechanism of the decomposition reaction are
also reported and discussed.

* Author to whom correspondence shouid be addressed.
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Experimental

All complexes were prepared by known methods [7, 8]; they were recrystaliized
from a mixture of CHaClo—CoHgOH, and dried under vacuum. The thermal decom-
position was carried out on a Netsch 429 derivatograph at a heating rate of 2 deg/min,
in the temperature range '20—600°, with a sample mass of 25 mg and a-Alp03 as
reference. The measurements were performed in dynamic atmospheres of air and
nitrogen.

X-ray powder diffraction analyses of the final residues were made with a Phillips
PW 1130/00 X-ray diffractometer, using CuK, radiation. For the determination
of TTN, the areas of the TG curves were measured with a Coradi Cora—Senior
planimeter.

Carbon, hydrogen and nitrogen determinations were performed on a Perkin—Elmer
240 microanalyser. Infrared spectra were recorded in the range 4000—250 cm—1 on
a Perkin—Eimer 467 spectrophotometer, using KBr pellets. Mass spectra were recorded
on an R. M. V.-6L—Hitachi—Perkin—Elmer mass spectrometer. Molecular weight
measutrements were made on a Perkin—Eimer 115 molecular weight apparatus.

Pyrolysis

The pyrolysis of all complexes was carried out in dynamic nitrogen atmosphere
using the same technique as applied in our eartier work [3]. Highly volatile products of
decomposition, such as CSy, were collected in a liguid air trap. The less volatile com-
ponents of decomposition were separated by column chromatography, and were
identified by spectroscopic methods (i. r., M. 5.}, elemental analyses and molecular
weight determinations.

Results and discussion

Thermal analysis

All thermal curves (TG, DTG and DTA) of tris{diethyldithiocarbamate) complexes
are given in Figs 1—6. It can be seen that in all cases the decomposition process in air,
over the temperature range from 20 to 600°, includes various thermal effects. The
temperature ranges and percentage mass losses of the decompositions are given in
Tables 1 and 2. The temperatures of the greatest rate of decomposition (DTG, 5x),
the theoretical percentage mass losses, and the DTA data are also given.

The first decomposition stage is attained after the melting point and involves a
sudden and considerable loss of mass (68—74%). This is attributed to the evolved
moieties {SoCNEty + 2 SCNEty}, according to the following reaction:

2 M[S2CNEty]3 = MpS3 + {S,CNEt, + 2 SCNEt,}

J. Thermal Anal, 29, 1984
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Fig. 2 Thermal curves for As[S;CNEt;]3 in nitrogen
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Fig. 4 Thermal curves for Sb[S,CNEt;]3 in nitrogen

Metai sulfides, MoSa (M = As, Sb, Bi), are the possible intermediates after the first
decomposition stage in both air and nitrogen, and have been found as final residues
in nitrogen.

In the case of the arsenic complex, the AspS3 is oxidized to AsqOg in the second
stage; its sublimation occurs in the third stage, leaving the crucible without a residue.
Both the second and the third stages are exothermic, at 330° and 480°, respectively.
In the case of the antimony and bismuth complexes, the SbyS3 is oxidized to Sby Oy
and the BizS3 to (BiO)2S04), both of which are stable up to 600° and give a plateau

J. Thermal Anal. 29, 1984
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Fig. 6 Thermal curves for Bi[S,CNEt, 3 in nitrogen

in the TG curve. All the final products were identified by X-ray powder diffraction
analysis.

The thermal curves (TG, DTG and DTA} of the tris{morpholinodithiocarbamate)
complexes of As, Sb and Bi are depicted in Figs 7—12. The thermal analysis data
obtained from these curves are given in Tables 3 and 4. From the TG profiles, it is
obvious that the first and main decomposition stage is common in both air and
nitrogen, and begins without melting of the complexes. The considerable mass losses
in this stage (59--74%) involve the elimination of one dithiocarbamate group pius two

J. Thermal Anal. 29, 1984
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Fig. 7 Thermal curves for As{S;CNICH,140]3 in air
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Fig. 8 Thermal curves for As[S,CN(CH,)40];3 in nitrogen

thiocarbamoyio groups, as in the case of the diethyldithiocarbamato complexes

described above.
However, the DTG curves of the dithiocarbamato complexes of morpholine show
that the main decomposition process consists of two or three consecutive steps. It is

J. Thermal Anal. 29, 1984
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Fig. 10 Thermal curves for SbIS,CN{CH,)40j3 in nitrogen

togical to assume that carbon disulfide is primarily evolved after breaking of the
metal—sulfur bond, which occurs first {Table 4, stage 1), foliowed by elimination
of the morpholino group of one ligand, pius cne or two (Table 4, stage 18) thio-
carbamoylo moieties of the remaining ligands. The possible intermediates after the

J. Thermal Anal. 29, 1984



1160 LALIA-KANTOURI, MANOUSSAKIS: THERMAL DECOMPOSITION

amle
Timg
Exo 262 405
} "
| DTA
a7
dm| DTG
at r

Endo To2mgimin

| 1 | 1
20 100 200 300 400 500 580
Temperature °C

Fig. 11 Thermal curves for BI[S;CN(CH,)40]3 inair

16
Exo
4 I‘mg

L
AT

dmi DTG

Io.zmglmm

' 1
£ 100 200 300 400 500 600

Temperature ,°C

Fig. 12 Thermal curves for Bi[SyCN(CH)40]3 in nitrogen

first stage in both air and nitrogen are considered to be My Ss3, which were found as
residual metal sulfides in nitrogen, in accord with our previous results [3].

in air, at higher temperatures, the second stage of decomposition involves the
oxidation of metal sulfides, as in the case of the diethyldithiocarbamato complexes.
In the case of the arsenic compilex, there is also a third stage, in which the possibly
formed AsgOg is gradually sublimed up to the end of the experiment at 800°.

The whole procedure of the thermal decompositions of the studied complexes with
the same ligand depends on the nature of the metal. This was established by deter-

J. Thermal Anal. 29, 1984
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Fig. 14 Corrected TG curves for tris{morpholinodithiocarbamates) in air

Table 5 Activation energies, £*, of some dithiocarbamate com-

plexes
Activation energy, £*, kJd/mol
Complex
Freemann—Carroll Piloyan

(n=1) TG DTG
Sb[S,CNEt,]3 231 168 239
Bi[S,CNEt;y 13 181 151 134
As[S,CN(CH3)4013 239 231 189
Sb[S,CNICH)40]3 —_ 105 -
Bi[S;CN{CH2)40]3 273 181 -

J. Thermal Anal. 29, 1984
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M[S;CNEto] 1T, whereas, especially for the Bi(ill) complex, there are fragments
corresponding to polynuclear compounds of the type M,3,,, as in the case of the
piperidyidithiocarbamato complexes.

Pyrolysis
Pyrolysis of M[S>CNEts]5 (M = As, Sb, Bi)

The sample was heated in nitrogen atmosphere up to the temperature of the end of
the first and main decomposition stage. The volatile products formed during the
pyrolysis of the tris(diethyldithiocarbamate) complexes were CSy and a yellow fiquid
which turned out to be tetraethylthiocarbamyl sulfenamide [11].

The diethylammonium salt of diethyldithiocarbamic acid, Et2NC82‘H2NEt2, was
also isolated as a white solid, which is unstable in air and decomposes to diethylamine
{12, 13]. The nature of the volatile pyrolysis products of the tris{diethyidithiocar-
bamate) complexes of As, Sb and Bi reveals that their thermal decomposition is
similar to that of the corresponding tris{piperidyldithiocarbamates}. However,
neither the derivative of thiourea with diethylamine nor the dimeric compounds
[Etz NCS3 [, M—M[S5;CNEty o were isolated. it is highly possible that the compounds
are formed, but we have been unable to isolate them due to their instebility at these
temperatures.

After the completion of pyrolysis at 250°, all complexes leave a biack residue at
the bottom of the flask, in which the respective sulfides of the trivalent metais (Mo S3}
were detected. Elemental carbon (1-9%) was also detected in the residues.

Pyrolysis of the black residue from the complex Sb[S;CNEty]3 was continued at
higher temperature {330°), and afforded small amounts of a volatile product, which
was identified as ethyl NV, N diethyldithiocarbamate, EtoN—C(:S}—-S—Et.

Pyrolysis of M[SzCN(CH2)40]3 {M = As, Sb, Bi)

These complexes decompose suddenly, without melting, and give as the most
volatile product CSy, which was detected in the liquid air trap. A white solid, in
large amounts, was identified as the dimorpholinium salt of morpholinodithiocarbamic

acid, O(CH2)4NCS{H2I¢I(CH2)4O, analogously as in the cases of the diethyl and
piperidinodithiocarbamates of the same metals. As the decomposition proceeds
further, the derivative of thiourea with morpholine, O(CH3)4N—C(:S}--N{(CH3)40,
was also detected, but not the corresponding sulfenamide.

On the addition of ethanol to the chloroform solution of the mixture of volatile
pyrolysis products of the studied complexes, a light-brown solid was precipitated.
This was formulated as the following dimeric species:

[O(CH3)4NCS2 ]2 M—M[S3CN(CH2)40]; (M = As and Sb)

Similar behaviour was noticed in our previous study of piperidinodithiocarbamates [3].
Analysis of the corresponding compound of arsenic(l1i) fits well the expected results

19%* J. Thermal Anal, 29, 1984
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which decomposes further to the volatile products a, b and ¢. However, there is the
possibility of elimination primarily of CS; and N{(CH32)40, which gives the salt (a).
This means the simultaneous breaking of the M—S and C—N bonds. Also, the absence
of the morpholinodithiocarbamate ester, RS~C{:S)N(CH2)40 (R = alkyl}, from the
pyrolysis product, suggests that the morpholinodithiocarbamato ligands behave as
bidentate ones even at higher temperatures.

Formation of the dimeric compounds M2[S2CN(CH2)40]4 (M = As and Sb) isan
important event in the thermal decomposition of the studied complexes. From these
dimers, on further heating, the metal sulfides are produced. As expected, the Bi{lll)
analogue was not isolated.
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Zusammenfassung — A, N-Disubstituierte Tris-dithiocarbaminate von Arsen{l11}, Antimon({H!) und
Wismut(i1!) des Typs M[S;CX13 (M= As, Sb, Bi; X = NEtp, N(CH2)40)} wurden simultan mittels
TG, DTG und DTA in Luft- und Stickstoffatmosphire untersucht. Die scheinbaren Aktivierungs-
energien wurden nach der fiir n = 1 modifizierten graphischen Methode von Freemann—~Carroll und
nach den zwei Methoden von Piloyan aus den TG- und DTG-Kurven ermittelt. Die TTN-Tempera-
turen wurden aus den TG-Profilen berechnet. Ein mdglicher Zersetzungsmechanismus wird basie-
rend auf Ergebnissen der Pyrolyse und massenspektrometrischen Daten vorgeschlagen. Die nach
den verschiedenen Zersetzungsstufen vorliegenden Zwischenprodukte wurden mittels Elementar-
analyse sowie infrarot- und massenspektrometrischen Daten, der Riickstand durch Rontgenpulver-
diffraktometrie identifiziert. Es wird eine dimere Struktur des Typs M;[S;CNICH;)40]q (M=
As, Sb} vorgeschlagen.
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Pesiome — Tpuc(N,N-ausametentble naTnoKkap6amatst) TPEXBANIBHTHbIX MBbIWbLAKE, CYPbMbI
# BucmyTa Tuna M{S,CX13, rae M = As, Sb, Bi; a X = NEty, N(CH3)40, 6binu usyueHs: coBme-
weHHsIMy Metoaamu TT, ITFE v OTA B atmoctepe Bosayxa u asota. KaxywuecA sHepriv
aKTMBaWKWK GbINM onpegeneHsl rpacdbuvyeckum MeToAom ®Ppumena—Kapponna, moandumpo-
BanHore 4nA £ =1, a TaKxke ABYMA metoaamu lunoAxa na ocHose kpuesix T v ATT. TTH
TeMriepaTypb! Gbinu BoluncneHsl U3 Apoduneit xpuabix T, Ha ocHose nonyyertbix pesynera-
TOB MUPONN3A 1 MACC-CNEK TPOCKOMMUECKH AaHHDIX, MPEANOKEH BO3MOMXHBIA MEXaHU3M pPa3no-
YKEHMA WUCCMEAOBAHHLIX KOMMNEKeoB. MPOMEXYTOuHbIe NPOAYKThI, NONYyYaeMble B KQHUE pas-
AMYHBIX CTaguik pasnoXeHna, GbiNM KMABHTUUUMPOBAHLI 3neMeHTHbIM aHanusom, MK v macc-
creKTpocKonMel, TOFAA Kak KOHEYHbIE POAYKTbI PEaKUMK — MNOPOLLIKOBbLIM PEHTTEHO-autpaK-

UUOHHBIM aHanusom. [lpeanoeHa awmepHsR cTpyKTypa Tuna M3[S;CN(CH3)40l4, rae
M = As, Sb.

J. Thermal Anal. 29, 1984



