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ABSTIWCT 

The oxidation of bls(N,N-diethyldithiocarbamato)tin(II) has been studied 

by thermal degradation mass spectrometry. It is proposed that the oxidation 

of this complex in air is a complicated sequence of reactions involving 

structurally-related and possibly polymeric tin(Iv) complexes. 

INTRODUCTION 

In a previous study 

(abbreviated SnL,), was shown 

temperature. In that study, we 

Ill, bis(N,N-d1ethyldithiocarbamato)tin(II) 

to oxidise spontaneously, even at ambient 

were able to distinguish between the complex 

and the decomposition of its oxidised products by using thermal degradation 

mass spectrometry (TDMS) [21 but were unable to interpret the results in 

detail. 

Since this study 111, we have published further related work 13-51 and we 

have become aware of reports concerning the thermal rearrangement of the 

N.c=s.0 functional group 16-141, particularly in thiocarbamates 18-141. These 

studies 13-141 together with related papers I15-20, 22-241, mainly concerning 

the mass spectra of metal dithiocarbamates and related compounds [16-241, have 

allowed us to interpret the current TDMS results and we now propose a scheme 

for the oxidation of SnL, in air and the subsequent thermal decomposition of 

the oxldised products in vacuum. 

EXPERIMBNTAL 

TDMS has been described previously [21. The present application involves 

heating 10-100 fig Of sample at a constant 12.S'C min-l from ambient 

temperature to about 4OO'C in the direct insertion probe of a JEOL JMS D-loo 

mass spectrometer. As substances volatilise, ions are Uetected and the total 

ion intensity provides a record of the volatil1sat1on. mass spectra are 

recorded as appropriate throughout the analysis. The ionisation energy can be 

selected between lo-30 eV or set at 75 ev. Resolving power is set at about 

1000. 
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SnL2 

lxl 

Polymeric material 
S2Sn ;Lq 

[Subunit(I) + Subunit( 

1 Oxidation of SnL2, forming a polymer, consisting of subunits (I) and (II). 

2 Sulfur expulsion from subunit (II) forming subunit (III) . 

3 Thermal ~~g~e~ of subunit (IQ into (IV), 

4 Reaction of sulfur, from 2 , with unoxidised SnL2 to form S2Sn24. 

5 Decomposition of subunit (I) into TETD and tin (II) oxide. 

6 Decomposition of TETD into TRTM and snlfur. 

7 composition of subunit (IV) into oxo-TETD and tin (II) oxide. 

8 Decomposition of oxo-TETD into oxo-TRTM and sulfur. 

9 Decomposition of S2Sn2LQ into SnL2 and S2. 

f 
[Subunit + Subunit(IIX)J 

131 
1 

ISubupit(1) + Sub,unit(IV)] 

Subunits I,II,III and IV are [OSnLL’): 
L=EtzNCSz in all cases: 
L’= (I) Et2NCS2 : (II) EtZNCSZO: 

(III) EtZNCSO : (IV) Et2NCOS. 

FIG.1 Simplified scheme proposed for the oxidation of SnL2 and 
the subsequent thetmal decomposition of the oxidised products. 
Reactions 1-4 occur below 16oOC in aiq 5-8, HO-2400C in 
vacuum and 9, above 25oOC in vacuum. 
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A procedure for the preparation of SnLz has been given previou8ly Ill. 

The complex is volatile and ha8 a characterlatic ma80 spectrum. If amall 

samples of freshly-prepared SnLz are subjected to TDMS a8 described above, 

ion8 appear at about 1OO'C and have disappeared when 1SO'C is reached. M 

further ions are observed and there 18 no residue. 

This provides a convenient method of detecting unoxidlsed 8amples in 

oxidised sampleu since ions from the oxidation products are not observed below 

18O'C. 

Finely-ground SnL, is heated in an oven at 160-C for 30 mlns. After 

regrinding, a 50 rg sample is tested for unoxidlsed SnL,. The procedure la 

repeated until no unoxidlsed SnL, remains. Fully oxidised material is then 

analysed by TDUS a.9 described above. 

RESULTS AUD DISCUSSIOlY 

The reaulta clearly show that decomposition of the oxidised products 

occurs with the evolution of a variety of compounds. A residue 1s also 

observed. 

In analysing the overall results, it is first necessary to assign 

elemental composltlons to each peak in the mass spectra. This is aided by 

previous assignments for metal dithiocarbamates a8 reported in the literature 

[1,3,5,16-181. The next step is to establish possible molecular lonr and 

thus, if pOSslble, to identify the compound8 present by com&irison with ma88 

spectna given in the literature 13,SJ. If reference spectra are not available 

then spectra of closely related compounds Il3,14,19-211 are used. In this way 

the behavlour of individual substances caa, be monitored and their 

relationships with other substances discerned. 

The spectra are complicated by the prelrence of ions from extraneous 

Fe(II1) and x1(11) dlthiocarbamate complexes. Thin phenomenon has been 

observed before 13,16,22-241 and is the result of thiuram diaulphlde, produced 

in the decomposition, reacting with the metal parts of the ion source 122,241 

or residues deposited within it t31. 

It is not poaaible within the acope of thla paper to de8crlbe the 

detailed reasoning that led to our proposal of the acheme presented in Fig. 1. 

The general procedure is outlined above. 
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We propose that in the oxidation of SnLZI structurally-related 

oxygenated, polymeric., tin(Iv) complexes are involved which consist of 

subunita of the general type (OSnLL') in which L represents Et,IJCCS, and where 

L' may be (I) Et,lCs, (dithiocarbamate), (II) Et.,WX,O 

(dlthioperoxycarbamate), (III) Et,lKSO (thioncarbamate) or (IV) Et,IKOS 

(monothiocarbamate). 

Subunits I and IV predominate since II ia thermally unstable under the 

imposed conditions and, wfth the expulsion of Sulfur, forma III which in turn 

thermally rearranges intb IV. The expelled sulfur reacta with unoxidiaed SnL) 

to form di-~-aulfidobiatbia~l9,ar-diethyldlthiocarbamato~tln~IV~1, S,Sn,L,, a8 

previously reported by ua [Sl. 

The proposal of the structure of subunit II ia baaed on a similar 

structure reported for a mixed llgand dithiocarbamate chromiurn(II1) complex 

1151. 

ThUa the species generating the compounds observed in TDMS are derived 

from the thermal degradation of polymeric material conalatlng of subunits I 

and IV and from S,Sn,L,. Under TDMS conditions the material decomposes to 

yield tetraethylthiuram diaulfide (TETD) or OXO-TETD, from subunits I and IV 

respectively and these further decompose to yield tetraethylthiuram 

monoaulfide (TETY) and OXO-TETM in a manner previously discussed for TETD [31. 

we have previously reported [3,41 that decomposition of tin(IW 

dithiocarbamate complexes in vacuum yields thiuram diaulflde as a primary 

intermediate. sulfur allotropes, including S, and s,, are also evolved 

simultaneously with TETM and OXO-TETM. 

Apart from the decomposition products already diacuaaed, except, for CS, 

and (C,R,),IOII the other producta are preaent in relatively small yields and 

thus are of minor significance. 

S,Sn,L, decomposes into SnLz and So [5J with minor amounts of CS, and 

(C,Fl,)*MI. 

Without high resolution atudiea it is impossible to say if a dioxothiuram 

dlaulfide species is present. Ita molecular ion is obscured by other ions. 

co!KLusIoI 

The oxidation bla(mr,lGdiethyldithiocarbamato)tin(II) inVOlVeS several 

sequential reactions which are incompletely understood in the absence of 

detailed structural data for the Intermediate polymeric material. 
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