
-~ 
77znno&inicz7 Acta, 19 (1977) 373-382 
8 EJscvk !zcientif~ PIlbiieng Gxnpany. AmsWdam - Printed in EteIgium 

A THERMOGRA VII!@IRY/DIFFEREIWIAL THERMAL ANALYSIS 
AND PYROLYSIS/GAS CHROMATOGRAPHY-MASS 
SPECIROMETRY STUDY OF SEVERAL TIN(W) 
DITHIOCARBAMATE COMPLEXES IN AN AIR ATMOSPHERE 

G. K, BRATSPIES. J_ E SMITH- AND J_ O_ EIIJL 

ikparrtnents of PhysicaI and Ino@anic and AnaIyfical Chemistry. 
La Trobe University, Bundcwra, Victoria. 3083 (Auswaliaj 

@cceivcd 14 Septemberr 1976) 

ABSTRACT 

Our P/GC-MS system has been 
formed in an air atmosphere. Several 

modified such that pyrolysis can be per- 
tin(IV) dithiocarbamate complexes have 

ken pyrolysed in air in order to rationalise the precise role of oxygen in the 
decomposition process Further, the effectiveness of the PKC-MS technique 
in separating pyrolysis products from individual decomposition stages was in- 
vestigated using tetrakisfdiethyIdithiocarbamato)tin(Iv) which, from standard 
TG studies, is known to decompose in- air in two stages_ It 
whether complete separation was achieved due to the similarity 
obtained from each stage of decomposition, however, the general 
potential. 

is doubtful, 
of products 
method has 

INTEtODUCIlON 

TWDTA studies may be carried out in vacuum, in an inert atmosphere 
or in air. Frequently, the derivatograms obtained in air and in an inert atmos- 
phere are different, which is usually a direct consequence of the involvement 
of oxygen in the decomposition process- A TG/DTA study of teUdiethyE 
dithiocarbamato)tinfIV) provides an exampIe of the general phenomenon’. In 
air, the thermogram (Fig. 1) indicates the presence of two separated stages of 
decomposition involving relatively large losses of mass, whereas the thermo- 
gram in nitrogen (Fig_ 2) indicates only one combined stage of decomposition 
which is associated with a number of overlapping consecutive ‘steps_ It is of 
interest to study further the decomposition of this complex in air using a mod- 
ified P/GC-IW technique which provides an opportunity to test whether the 
decomposition products of each stage of decomposition can be separated and 
identified. Our modified technique also enables the investigation of the effects 
of oxygen on the mechanisms of decomposition of the substituted t&o 
dithiocarbamate complexes previously studiedle3 
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the pyrolysis to be carried out in air rather than helium, a valve system was 
devised which replaces the helium flow with an air ffow. The air ffow was 
taken from the supply for the flame ionization detector-not normally used in 
GGMS work Air is caused to flow through the carrier gas flow controller, 
the pyrolysis unit and the column, for a time sufficient to flush the system 
and to perform the pyrolysis. As the air flows through the column, which is 
held at room temperature for this process, the dump valve at the end of the 
column (normally used to prevent large amounts of solvent entering the mass 
spectrometer) diverts most of the llow to atmosphere. At the end of the heat- 
ing period, the air is repIaced with helium by the operation of a valve, the 
dump valve is closed and the pyrolysis unit is removed in the usual way*_ In 
all other respects the procedure is the same as previously reported*. The final 
furnace temperature is that appropriate for the particular sample under study- 

RESULXS AND DISCUSSION 

TMisubstituted tin(Z~ithiocarbamates 
The thermgrams of disubstituted tin(W) dithiocarbamates differ in air 

and nitrogen in that, although the procedural decomposition temperature for 
each complex is approximately the same in both atmospheres, the remaining 
decomposition occurs at a much faster rate in air_ This is probably caused by 
the oxidation reactions which liberate energy in addition to that supplied by 
the furnace, thus causing the increased rate of dccomposition- 

P/GC-MS-air atmospherM&ubstit-.ted tin(lV~ithiocarbamates 
As previously reported, pyrolysis of these complexes in helium1-3 yields, 

among other compounds, N,N,N’,N’-tetraethyIurea and N,N-diethylformamide 
in trace amounts_ However, the relative proportions of these compounds in- 
crease significantly with respect to the main decomposition product, carbon 
disulphide, when the pyrolysis is performed in air_ The compound N,N,N’-trie- 
thylurea was not observed in helium pyrolysis but was detected as a minor 
decomposition product in air pyrolysis. However, N,N-diethylthioformamide, 
which was previously observed in helium pyrolysis, was obtained in negligible 
yield relative to carbon disulphide in air pyrolysis. These specific differences 
between yields of minor decomposition products from air and helium pyrolyses 
are common to all the tin dithiocarbamate complexes studied in the present 
work. 

It is proposed that the presence of oxygen does not influence the primary 
mechanism of decomposition but-reacts with one of the unstable intermediates 
produced in the primary decomposition, A possibie reaction is: 
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li: ‘: ~- 
E&N.C++X- + EGN-C.X. where x=Et&EtNW 

A number of other compounds containing thk Et2N - C = 6 g&p were 
detected. These u.ip be disatssed later siuce they were not common to aft air 
pyrolysis of the tin(W) dithiocarbamates studied. 

Highly volatile compounds which have very short retention times such 
as carbonyl suIphide and ethylmercaptan cannot be detected by this modified 
P/CC-MS technique since, during the 3-min heating period when air is flow- 
ing through the pyrolysis unit and the GC column, the efbeut gas is diverted 
to atmosphere. 

Thermal decomposition of b~die~hylydi~hiocarbamato~.pheny~~inQ~ in air 
Apart from the species mentioned earlier, the only other species which 

was not present in helium pyrolysis was S-phenyl N,N-diethyImonocarbamate. 
It is post&ted that this compound is the result of the reaction of the Ph 
radicaI with the EtlN - C = 0 radical. The derivatograms of this complex in 
air and nitrogen are shown in Pigs. 3 and 4, respec%ively. 

Tliermal decomposition of bis(dietbyidithiocarbamaso&int.TV dihafide compkxes in 
air 

The three complexes (Et2NCS&&Xz(X = CI,Br, I) were pyruIysed in 
air_ The derivatograms of these complexes (Cl, &,I) in air and nitrogen am 
shown in Figs. 5 and 6, 7 and 8, and 9 and 10, respcctiveIy. The dccompo- 

Fis_ 3. TGIDTA of bis@iubyIdiihi~ MiphcnyIwIv) in air. 



Fig. 4_ TG/DTA of b&dicthyIdithiaxrbamatokJiphenyItinW) in nitrogen. 

sition products were similar to those obtained from helium pyrolysis as indi- 
cated by the computer total ion monitor (CTIM) which operates by recon- 
structing a chromatogram from the sum of the peaks in the mass spectrum. 
Our system is a!so equipped with a source total ion monitor (STIM) which 
measures the ion output at the source_ Both systems have advantages and dis- 
advantages but our normal practice has been to use only the CTIM. The sen- 
sitivity of this indicator depends upon the ion multiplier gain setting. Where 
a large dynamic range of sample concentration is encountered it is common 
practice to increase gain and hence the CTIM output for trace peaks. The 
SIIM output rfzmains unaffected_ 

Fw 5 TG/DTA of dichlocotinW)bisdictbyklithioabamate in air- 
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Fw 7- TG/DTA of dibmrnocin(fV~yi~ in air_ 
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Fig_ 9. TWDTA of bisdiethykiithi oca&amatotinWkIiiodide 
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in air. 

In order to obtain information about relative amounts of individual com- 
pounds in these experiments both systems were used. This immediately re- 
veafed an interesting trend in that the relative yields of S-ethyl N,N-diethyl- 
dithiocarbamate to N,N,N’,N’-tetraethyithiourea and ethylisothiocyanate to 
carbon disulphide increased as X was changed from chlorine to iodine. 

In the original experiments on these compounds using helium’” the 
SKIM was not used and this trend was not observed. Because of this, it was 
concluded that the halogen ligands had no significant influence on the mech- 
anism of decomposition of the dithiocarbamate ligands, a finding now shown 
to be only qualitatively true_ 

0 www~mwww 
TV PCJ 
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Fy 10, TG/lYrA of bhliethyldi~ innitmgen- 
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The trend may be rationized as follows, Mechanism I, given in the 
original paper*. competes with an alternative mechanism, IL 

Mechanism i 
X ii 

Et 
/*/ 

EtpNCS- + +Et + EtNCS + X2SnS2 

-hJ - 

‘a 
ii 

EtZN ,C _ SEt + EtUCS + X2SnS 

Mechanism II 
X 

Et 
\ 

Et2 NC* + -NEt2 + cs2 + x2sns 

/ ; 
Et- E+2N,C,NEt2 + CS2 + X2SnS 

Aithough mechanism If increases in importance as X is changed from 
chlorine to iodine, mechanism II remains of minor significance overall. 

M~h~~ I appears to he the normai mode of d~m~ition of bid- 
entate Iigands, while Mechanism II yields e same products as the decorn- 
position of two monodentate ligands This may be explained as the conse- 
quence of the increasin g distortion in the axial plane of the dithiocarbamate 
iigands as X changes from chlorine to iodine resulting in the ren~hen~ng of 
the tin-sulphur bonds- The increasing size of the halogen atom weakens the 
tin-sufphur bonds, thus favouring M~h~~rn II. 

A previous TG/DTA study of tetrakis(diethyIdithiocarbamato)tin(!V) has 
shown that thermai demotion in air proceeds in two stages both of which 
involve relatively large losses of mass- This behaviour is best explained by the 
formation of reIatively stable solid intermediate products of decompositiooii 
which are produced as a result of oxidation of Lfin = S and SnLz*. These 
species were prom as intermediates resulting from decomposition of the 
complex in an inert atmosphere in a previous paper’_ Oxidation of either the 
sulphur atom attached to the tin atom in S = SK& or the tin atom in SnL2 
can occnr_ The oxidation of Sn(II) to S&V) is known to occur, since bis(die- 
~y~dithi~~ato~~ is unstabfe in air at room temperatures* The ther- 
mal stabiity of the-oxidized intermediate products is due to the stronger bond- 
ing of the remaining iigands which is caused by several factors. The electron 
withdrawing capacity of the oxygen atoms causes an increase in the Sn-S bond 
strength due to the e!ectrons of the Sn-S bonds being bound more strongly 
to the tin atom. Also the loss of either the major portion of two Iigands or 

l L IlqnwulLs the dicthy1dit ligand. 
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two compIete ligands, in the initial decomposition, removes some steric strain 
previously associated with the metal-ligand bonds. The probability of two 
separated stages of decomposition is further enhanced by the relatively low 
temperature at which the primary decomposition occurs and insufficient heat 
is available to break the Sn-S bonds in LzSnS and SnL2 which subsequently 
decompose at a higher temperature- 

The feasibility of effecting complete separation of the pyrolysis products 
of each stage of thermal decomposition was examined in the present work. 
Stepwise heating was employed: the sample was heated to a temperature 
corresponding to completion of the first stage of decomposition and the pro- 
ducts collected. The sample was then allowed to cool prior to reheating to ob- 
tain the products of the second decomposition stage- The two upper temper- 
ature limits involved were derived from conventional TG profiles_ The small 
sample size (1 mg) and rapid, variable heating rate together produce minor 
detrimental effects on the separation of the two stages of decomposition” but 
the rapid heating rate does effect the completeness of either or both decom- 
position stages_ 

The pyrolysis products obtained from each stage of decomposition were 
simiiar, This is not an unexpected result because of the similarity of the 
ligands. However, such similarity of products makes it impossible to determine 
whether complete separation of both stages has occurred. If the first decom- 
position stage is only partially complete, then some of the products of this 
stage wiII be CoIIected, together with those of the second stage, after the re- 
heating procedure has been carried out. This may occur for several reasons. 
InsufIicient time at the required temperature (i.e., insufficient heat) wiil cause. 
only partial initial decomposition. It is well known that decomposition does 
not occur uniformly throughout a sampIe especially when the material is 
heaped or in the form of crystals. The wide range of voIatility of the pyrolysis 
products can cause problems in separation of the products of two stages of 
decomposition_ The highly volatile compounds such as carbon disulphide can 
easily escape the sample region whereas less volatile compounds such as 
tetraethylthiourea have an increased possibility that incomplete volitization can 
occur. Also there is the possibility of adsorption of such involatile compounds 
on the remaining solid intermediate products. For these reasons the possibility 
exi>% that complete separation of the pyrolysis products of each stage was not 
achieved. However, the similarity of the pyrolysis products of each stage sug- 
gests that simii mechanisms of decomposition are associated with both 
stages- 

CONCLUSION 

The modified PKC-MS technique for thermal decomposition studies in 
_an air atmosphere is of considerable value in rationalizing the precise role of 



382 

oxygen in the decomposition process. Also Our modifii technique offers ihe 

possibility of using gases other than inert gases zfor pyrolysis studies. 
: 
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