
Journat o f  Tt~erma/ Analysis, VoL 29 (198~/ 715 l - 1769  

THERMAL DECOMPOSITION OF TRIS(N,N-DISUBSTITU!ED 
DITHIOCARBAMATE) COMPLEXES OF As(ill), Sb(lll) AND 
8i(Jmi) 

M. La//a-Kantouri* and G. E. Manoussakis 
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Thermal studies on tris(N,N~3isubstituted dithiocarbamatas) of arsenic(ill), anti- 
mony(lll) and bismuth(ill) of the type M[S2CX]3 (M = As, Sb, Bi; X = NEt2, N(CH2)40) 
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--Carroll, 
modified for n = 1, and Pitoyan's two methods from the TG and DTG curves. The TTN 
temperatures were calculated from the TG profiles. 

A possible 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 ~ructure of the type M2|S2CNtCH2~40}4 
~M = As, Sb) is proposed. 

A literature survey reveals that l i t t le work has been done on thermai studies o4 

metal dithiocarbamate complexes, especially of the group V A elements [1, 2}. 

As a cont inuat ion of our previous work on metal dithiocarbamates [3], we describe 

here the thermal investigation of tr is(N,N-disubstituted dithiocarbamates) as As( I l l ) ,  

Sb(i~l) and B i ( l l l )  under the general formula M[S2CX]3 (X = N E t  2, N(CH2),~O). 
Simultaneous T G / D T G / D T A  studies in dynamic atmospheres of air and nitrogen 

are reported and discussed. The results of pyrolysis, E *  values for the first stage o f  

decomposit ion, derived from the Freeman-Carrol l  [4] and Piloyan methods [5], 

TTN calculations [6], and a proposed mechanism of the decomposit ion reaction are 

also reported and discussed. 

* Author to whom correspondence should be addressed. 
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Experimental 

All complexes were prepared by known methods [7, 8]; they were recrystallized 
from a mixture of CH2CI2-C2HsOH, 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 ~-AI203 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-Elmer 467 spectrophotometer, using KBr pellets. Mass spectra were recorded 
on an R. M. V.-dL-Hi tachi -Perk in-Elmer mass spectrometer, Molecular weight 
measurements were made on a Perkin-Elmer 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 earlier work [3]. Highly volatile products of 
decomposition, such as CS2, were collected in a Hquid air trap. The less vo!atile com- 
ponents of decomposition were separated by column chromatography, and were 
identified by spectroscopic methods (i. r., M. S,), 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 (DTGma• 
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 (58-74%). This is attributed to the evolved 
moieties (S2CNEt 2 + 2 SCNEt2}, according to the following reaction: 

2 M[S2CNEt2] 3 -~ M2S 3 + ~S2CNEt 2 + 2 SCNEt2} 

J. Thermal AnaL 29, 1984 
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Fig. 1 Thermal curves for  As[S2CNEt2] 3 in a~r 
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Fig. 2 Thermal curves for  As[S2CNEt2] 3 in nitrogen 
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Fig. 3 Thermal curves for Sb fS2CNEt2] 3 in ~ir 
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Fig. 4 Thermal curves for Sb[S2CNEt2] 3 in nitrogen 

Metai sulfides, M2S 3 (M = As, Sb, Bi), are the possible intermediates after the f irst 

decomposi t ion stage in both air and nitrogen, and have been found as f inal residues 

in nitrogen. 
In the case of the arsenic complex,  the As2S 3 is ox id ized to As40 6 in the second 

stage; its subl imat ion occurs in the th i rd stage, leaving the crucible w i t h o u t  a residue. 

Both the second and the th i rd stages are exothermic,  at 330 ~ and 480 ~ respectively. 

in "~he case of the an t imony  and bismuth complexes, the Sb2S 3 is ox id ized to Sb204 

and the Bi2S3 to (BiO)2SO4), both of  which are stable up to 600 ~ and give a plateau 

J. Thermal Anal  29, 1984 
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Fig. 5 Thermal curves for Bi[S2CNEt2] 3 in air 
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Fig. 6 Thermal curves for 13i[S2CNEt2] 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 plus two 

J. Thermal Anal. 29, 1984 
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Fig, 7 Thermal curves for AstS2CNICH2)4OJ3 in air 
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Fig, 8 Thermal curves for As[S2CN(CH2)4Oj3 in nitrogen 

thiocarbamoy}o groups, as in the c,~se of the diethyldi th iocarbamato complexes 

described above, 
However, the DTG curves of  the d i th iocarbamato  complexes of  morphotine show 

that the main decomposit ion process consists of two or three consecutive steps, It is 

J. Thermal Anal  29, 1984 
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Fig. 9 Therma) curves for Sb iS~CN (CH2)40]3 in air 
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FiQ. 10 Thermal curves for Sb[S2CN{CH2)4Oj3 in nitroger~ 

logical to assume that carbon disulf ide is pr imari ly evolve.t after breaking of the 
meta l -su l fu r  bond, which occurs f irst (Table 4, stage lc~), fol lowed by el iminat ion 
of the morphot ino group of one ligand, plus one or two (Table 4, stage 1~) thio- 
carbamoylo moieties of the remaining ligands. The possible intermediates after the 

J. Thermal Anal. 29. 1984 
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Fig. 12 Thermal curves for Bi[S2CN(CH2)40]3 in nitrogen 

first stage in both air and nitrogen are considered to be M2S 3, 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 complex, there is also a third stage, in which the possibly 
formed As40 6 is gradually sublimed up to the end of the experiment at 600 ~ 

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

J. Thermal Anal  29, 1984 
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T a b l e  5 Activation energies, E* ,  of some dithiocarbamate com- 
plexes 

Complex 
Activation energy, E** k J/tool 

Freemann-Carroll Piloyan 
(n = 1) TG DTG 

Sb [S2CNEt2] 3 231 
BilS2CNEt2] 3 181 
As [S2CN (CH2)40]3 239 
Sb[S2CN (CH2)40]3 
Bi[S2CN (CH2)40]3 273 

168 239 
151 134 
231 189 
105 
181 -- 

J. Thermal Anal. 29, 1984 
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M[S2CNEt2]-I+, whereas, especially for the Bi(iti) complex, there are fragments 
corresponding to polynuclear compounds of the type MnS m, as in the case of the 
piperidyldithiocarbamato complexes. 

Pyrolysis 

PyrolyEs of M[S2CNEt2] 3 (M = As, Sb, i3i) 

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 CS 2 and a yellow liquid 
which turned out to be tetraethylthiocarbamyl sulfenamide [ 11]. 

+ 

The diethylammonium salt of diethyldithiocarbamic acid, Et2NCS~-H2NEt2, was 
also isolated as a white solid, which is unstable in air and decomposes to diethy!amine 
[12, 13]. The nature o f  the volatile pyrolysis products of the tris(diethyldithiocar- 
bamate) complexes of As, Sb and 8i 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 
[ Et2 NCS2 ]2 M-M IS 2 CN Et 2 ]2 were isolated. It is highly possible that the compounds 
are formed, but we have been unable to isolate them due to their instability at these 
temperatures. 

After the completion of pyrolysis at 250 ~ all complexes leave a black residue at 
the bottom of the flask, in which the respective sulfides of the trivalent metals (M2S 3) 
were detected. Elemental carbon (1-9%) was also detected in the residues. 

Pyrolysis of the black residue from the complex Sb[S2CNEt2] 3 was continued at 
higher temperature (330~ and afforded small amounts of a volatile product, which 
was identified as ethyl N, N-d iethyld ith iocarbamate, Et 2 N-C (:S) - S -  Et. 

Pyrolysis of M [S2CN(CH2)40]3 (M = As, Sb, Bi) 

These complexes decompose suddenly, without melting, and give as the most 
volatile product CS2, 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)4NCS2-H2N(CH2)40, 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(CH2)4N-C(:S)-N(CH2)4 O, 
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(CH2)4NCS2]2M-M[S2CN(CH2)40]2 (M = As and Sb) 

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

] s ~' J. Thermal  A n a l  29, 1984 
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which decomposes further to the volat i le products a, b and c. However, there is the 

possibil i ty of  el iminat ion pr imari ly of  CS 2 and N(CH2)40,  which gives the salt (a). 

This means the simultaneous breaking of  the M - S  and C - N  bonds. Also, the absence 
of the morphol inodithiocarbamate ester, RS-C( :S)N(CH2)40  (R = alkyl),  from the 

pyrolysis product, suggests that the morphol inodi th iocarbamat0 ligands behave as 

bidentate ones even at higher temperatures. 

Formation of the dimeric compounds M2[S2CN(CH2)40]4 (M = As and Sb) is an 
important event in the thermal decomposit ion of  the studied complexes. From these 

dimers, on further heating, the metal sulfides are produced. As expected, the B i ( l l l )  

analogue was not isolated. 
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Zu=mma~ f~ng  - N,N-Disubstituierte Tris-dithiocarbaminate von Arsen{lll), Antimon(lll) und 
Wismut(lll) des Typs M[S2CX| 3 (M = As, Sb, Bi; X = NEt 2, N(CH2)4 O) wurden simultan mittels 
TG, DTG und DTA in Luft- und Stickstoffatmosph~re untersucht. Die scheinbaren Aktivierungs- 
energien wurden nach der fiJr n = 1 rnodifizierten 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 m6glicher Zersetzungsmechanismus wird basle- 
rend auf Ergebnissen der Pyrolyse und massenspektrometrischen Daten vorgeschlagen. Die nach 
den verschied~nen Zersetzungsstufen vorliegenden Zwischenprodukte wurden mittels Elementar- 
analyse sowie infrarot- und massenspektrometrischen Daten, der RiJckstand durch R~ntgenpulver- 
diffraktometrie identifiziert. Es wird eine dimere Struktur des Typs M2[S2CN(CH2)40]4 (M = 
As, Sb) vorgeschlagen. 

J. Thermal Anal. 29, 1984 
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Pe3~Me - TpHc(N,N-AH3aMeU~eHHble ~,HTHOKap6aMaTbl) TpexBafleHTHblX MblLLIbRKa, CypbMbl 

H BHCMyTa THna M[S2CX]3,  rAe M = As, Sb, Bi; a X = NEt 2, N(CH2)40,  6bmH H3yqeHbl COBMe- 
LU, eHHblMH MGq'O,g, aMH TF, ATF H /~TA S aTMOCdpepe Bo3Ayxa 14 a30Ta. Ka~Ky~HecR 3HepFHH 

8KTHBOL~HH (~blIIH onpe~,eIleHbl rpa~HqeCKHM MeTOAOM @pHMeHa--K3ppoJlna, MO/~HC~HLLHpo- 
BaHHOFO /~riR /~ ~-~ I ,  a TaK~Ke AByMR Me'I'OAaMH r'IHJ1ORHa Ha OCHOBe KpHBblX T[" H ~TI- .  TTH 
TeMnepaTypbl 6bmH BblClHCReHbl H3 npo~Hne~ KpHBblX Ti ' .  Ha OCHOBe nonyqeHHblx pe3ynbTa- 
TOB rlHpONH3a H Macc'clleKTpOCKOnH~IeCKH~ AaHHblX, Rpe~no~KeH BO3MO>KHbI~ MeXaHH3M pa3~o- 
>KeHHR HCCJleAOBaHHblX KOMnfleKGOB. r]poMe)KyTOqHble RpoAyKTbl, I'lOJlyqaelvlble B KOHIJ, e p83- 
J1HqHbIX CTa/~4~ pa3rlo>KeHHR, (~blRH HAeHTH~H~HpOBaHbl 3TleMeHTHblM aHaJ'IH3OM, HK H Macc- 

cneKTpOCKOnHe~, TOF~a KaK KOHeqHble RpO~,yKTbl peaKIJ, HH --I'IOpOLMKOBblM peHTreHo-~,HC~paK- 
U, HOHHblM aHarlH3OM. I'lpeAnoHceHa /~HMEpHaR cTpyKTypa TVlna M2[S2CN(CH2)40]4 ,  rAe 
M = As, Sb. 

J. Thermal Anal. 2g, 1984 


