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Three dihaloth$IV)bisdiethyIdithiocarbam ates have been subjected to 
controlled pyrolysis/GC-MS analysis and the major products of the first stage 
of decompositiGn identified. These data, in addition to those obtained fmm 
TG/DTA anaiysis are used to determine the decomposition mechanism of the 
compfexes. In an inerr atmosphere dihalotin@V)bisdiethyldithiocarbamate pyro- 
lyses to yield carbon disulphide and tetraethyithiourea as the major volatile 
products and dihalotinsulphide as the major solid phase intermediate, which 
subsequently decomposes to yield tin sulphide. It has been concIusive!y shown 
that the nature of the halogen ligands has no inffuence on the mode of ther- 
mal decomposition of these complexes. The proposed thermal decomposition 
mechanism conelates well with the known structure of the complexes. 

INTRODUCTION 

The thermochemistry of the metal complexes of dialkyidithiocarbamic 
acids has been extensively studied in reaznt years following the observation 
by D’Ascerux~ and Wendlandt’ in 1969, that a large number of metal dip-thyl- 
dithiocarbamate complexes are volatile in an inert atmosphere. Subsequent 
thermogravimetric analyses of Co(n), NiO, CuO, Zn(n), CdO, AgO and 
Hg(IQ complexes showed that thermal degradation occurred in several wefl- 
defined steps. The DTA profiies revealed the following progressive behaviour, 
dehydration, fusion, volatihsation and multi-step decomposition. However, 
intermediates from the thermal decomposition were not deduced nor were the 
thermal decomposition mechanisms reported. 

The volatile nature of the complexes is of intrinsic interest from the 
viewpoint of GC separation of a mixture of dithiocarbamate complexes. The 
formulation of a thermal decomposition mechanism for such complexes af- 
fords valuable evidence as to the nature of the metal+ulphur bond. However, 
the TG/DTA technique alone does not usually provide sufficient information 
to deduce at-unambiguous thermal decomposition mechanism sixice, even 
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when the thermal decomposition occurs in well-defined stages, a mixture of 
products is evolved in unknown relative proportions. Thus, it appears that pre- 
vious TG data on metal dithiocarbam ates have only qualitative significance. 

The pyrolysis/gas chromatography/mass spectrometry technique 
(PEC-MS) developed by the authors facilitates the identification of the prod- 
ucts of a thermal degradation. In an early study of copper dithiocarbamates’, 
the decomposition occurred as a single step3 and this made the experimental 
procedures relatively simple. It was only necessary to heat the sample tc a 
temperasure above that required for decomposition to obtain all the products, 
which were then injected onto the GC column simultaneously. Separation and 
identification of the products led to the deduction of an unambiguous decom- 
position mechanism. This study indicated that, aithough a thermal degradation 
may occur as a clearly defined step, the products may be a complex mixture. 
Thus, in a case where the decomposition is more complicated, it is advanta- 
geous to control the pyrolysis, so as to colIect and identify the products of 
each stage. A necessary prerequisite for this method is a knowledge of the 
temperatures at which the various stages of decomposition occur. An exper- 
imental procedure can be envisaged, in which the sample may be heated to 
a temperature just above the end of the primary decomposition and, with the 
sample remaining at this temperature, the GC-MS analysis may be carried out. 
Further stepwise heating would aliow the products of subsequent steps to be 
analysed. 

In view of the report by D’Ascenzo et al.’ that dichlorotin(IVNsdiethyl- 
dithiocarbamate decomposed in a well-defined two step manner, this com- 
pound was selected in order to test the above procedure. However, our data 
(Figs_ 1 and 4) indicated -that a well-defined two step decomposition does not 

occur and it was therefore apparent that a further investigation of the thermal 
behaviour of this compound was necessary. Furthermore, in order to inves- 
tigate the influence of halogen ligands on the thermal decomposition mecha- 
nism of this class of complexes, the thermal decomposition behaviour of the 
dibromotin(IV)diethyIdithiocarbamate and diiodotin(lV)bisdiethyldithiocarba- 
mate was examined. No thermal data on the latter compounds couId be found 
in the literature. 

EXPERIMEMAL 

Synthesis of compkxes 

For TG/DTA and P/GC-MS studies of these complexes, high purity is 
essential. The syntheses descni by Bonati et aLs for the dihalotin(IV)bisdie- 

thytdithiocabama t.e complexes were found to be unsatisfactory due to incom- 
plete replacement of the chloro I&and by bromine or iodine. The following 
reaction represents the method used in the synthesis of the dibromo and di- 
iodo complex 



337 

ClSn(Et2DTC)z +2 MX -, XSn(EtzDTC)z +2 MCI 
where MX = NaEk and KI. 

The dichloro compiex was prepared by reaction of anhydrous tin tetra- 
chloride with the sodium salt of diethyldithiocarbamic acid in warm acetone- 
The solid product formed was obtained by decanting the supernatant solution. 
The solid product was then allowed to dry in air and the melting point de- 
termined. This method was repeated using the decanted material until the 
M-P_ of the product did not change, Microanalysis (Table 1) and mass spectral 
data indicated a low (~2%) level of impurity-mainly ligand and solvent- 

The dibromo complex was prepared by the general method of Elonati et 
aL5 using warm acetone as solvent- The product was contaminated by a chIo- 
rotin(VI)dithiocarbam ate complex as indicated by mass spectrometry and it 
was apparent that the exchange of the halogen atoms had not proceeded to 
completion. This was overcome by decanting the supematant liquid and react- 
ing it with excess NaBr and additional acetone_ This procedure was repeated 
until onIy a very small amount of the chloro-containing complex remained, as 
indicated by the mass spectrum of the solid product, However, excessive repe- 
tition of this procedure resuited in the production of tin tetrabromide and it 
was necessary to maintain a balance between these two impurities. it was in- 
teresting to note a slight colour change, from pale yellow to yellow, as the pu- 
rity of the required dibromo complex improvecl- 

In the case of the diiodo complex, the halogen exchange occurred very 
readily, even in cold soiution- However, the tin tetraiodide was also easily 
formed and it was necessary to maintain strict control over the quantity of Kf 
with a resulting increase in unexchanged product. The coIour change was 
much more noticeable, from pale yellow to bright yellow_ An orange tint in- 
dicated formation of tin tetraiodide. The addition of excess diethyldithiocar- 
bamate Iigand failed to reconvert the tin tetraiodide to the diiodo complex. 

Impurities in the latter compounds, i.e., the dichloro, the mixed halogen 
compounds or the tetrahalides are at low levels as indicated by microanalysis 
data (Table l)_ 

TABLE 1 

MICROANALYSIS DATA 
Microanalysis carried out by Microanalysis service. MeSboume University 

compkx M-P- PC) M.P. PC) (La_) C H lV S X 

CI+E$DTq 212 220-221~.20&201q 
2i9’ 24.8 4.0 5.9 26.2 -14.9 Found 

Pak yellow 24.8 4.1 S-8 26.6 14-6 Cakulated 
I3@no, 210 220s. 2037 212 38 4-7 22-4 26-0 Found 
Yellow 209 35 4-9 223 278 C&&ted 
fSa=2Mch m-I99 202=.2.007 20-O 3-o 39 18-8 375 Found 
Blight YCIJOW XI-0 3-O 42 19.2 37-9 Cal- 
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Mass spectra of the complexes wexe recofded using a JEOL JMS-JXOO 
mass spectrometer at au ekctron ionising en&gy- of’ 72 eV_ 

TG/DTG and DTA data were ,obtained using a Rig&u-De& thermal 
analysis system_ Samples were heated in atmospheres of dry air and oxygen- 
fe nitrogen. The sampIe mass range was 5-12 mg and the furnace heating 
rate was IO “C min-*- 

Therm& decomposition pkducts were determined using the pyroiy- 
sis/GC-Ms technique previously descrii2. The only difference between our 
technique and that reported previously was in the design of the sample holder- 
The holder consists of a staiuks steel tube, silver soldered to a stainkss steel 
syringe needle in which a small g?ass tube containing the sample is inserted_ 
The glass tube is sealed at one end with a small hole- in the wall, to allow 
the carrier gas to pass to the GC column_ The technique involves heating the 
sample in the holder surrounded by a small furnaCe A comparison of results 
of PKC-MS analyses of the dichloro wmplex using the original glass system 
and modified stainkss stee1 system indicated that the stainless steel had no 
effect on the relative yields and the chemical cksses of decomposition prod- 
ucts The ~&inkss steel holder is far more robust- The products are transport- 
ed onto the GC column by the carrier gas (helium) which flows through the 
holder during the heating period- After the heating ceases, the helium is 
switched to bypass the sampIe holder which may then be removed for ckan- 
ing_ The GC cc&mm was 12 x 118 in_ O-D_ glass column pack& with 3% 
DCS%l on 60180 CIluumosorh G_ The helium flow-rate was 10 cm3 min-’ and 
the oven temperature was programmed at 12 “C min-* up to 200 “C, after an 
initiaI hold-period at room temperature of 3 min- The sample was heated for 
3 min_ The complete GC4US-computer system has been described elsewhere’- 
The system is equipped with two total ion monitors_ One continuousfy senses 
the output of the mass spectrometer ion source and thus produces a record 
similartothatofthegaschmmatogmp h detector_ The other is a computer xe- 
consmx&nofthisobtakdbysummaknofthemasspecMpeakirltenSitieS 
in each spectrum_ With due regard for instrumental effects, both produce an 
output proportional to the amount of sample present in the source at any 
given time_ 

An evoived gas andysis (EGA) was carried out in order to detect the 
highly volatile gases of decomposition which are not sufficiently well-resolved 
on the GC cohunn_ This was done using the same mass spectrometer, by 
heating the sample in an all-gkss gas inlet system. 

RESULTS AND DIsCUSION 

Mas spectrui data 
The rnzss spectra of the dihalotMJV)bisdiithyIdithi~~ com- 

plexes are complicated by the presence of the isotopes of chlorine, bromine 
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and tin. In all cases the probe temperature required to obtain the spectra is 
in the temperature range in which decomposition occurs. Thus the possibility 
exists that the spectra include those of intermediates in the decomposition pro- 
cess_ However, aI1 ions observed are related to the parent complex, indepen- 
dent of which process leads toe their formation. These considerations are not 
materiaI to these studies since the spectra were obtained to ascertain the na- 
ture and extent of impurities. In any case the existence of a parent mokuiar 
ion for the dichloro compound indicates that at Ieast some of thii material 
exists in the ion source in the gas phase. The other two complexes do not ex- 
hibit molecular ions; a not entirely unexpected results in view of the increased 
labiity of the tin-halogen bonds and it is, therefore, possible that these com- 
pounds can ako exist in the gas phase. 

With due regard to the above considerations the mass spectra obtained 
are consistent with the correct molar masses and structures of these com- 
plexes. The main feature of all the spectra is the fragmentation of the diethyl- 
dithiocarbamate ligand. Ions formed as a result of the rupture of the metal-li- 
gand bonds are also observed_ The spectra exhibit peaks corresponding to the 
ions X&G, XSnL;‘, SnI& X&L+, SnL’, XSn+, Sn+ and X’_ Further fmg- 
mentation of the I&and results in ions SSCNEtg , SCNEt;’ *, SCNHEt’, 
SCNH,+, cs;I+, NEt,‘, Et’ and a-doublet corresponding to HNEt” and SC’ 
(weak). L and X represent the diethyldithiocarbamate ligand and the halogen 
atom, respectively. As previously stated, the mass spectra of dibromo and di- 
iodo complexes show the presence of small quantities of impurities_ Both the 
bromo and iodo samples contain a chioro complex as indicated by the CISnF, 
Cl&L+-, Cl&L+ and CISn* ions found in the mass spectra. Also a series of 
groups corresponding to SnX;, SnX; and SnXT ions were observed in the 
mass spectrum of both bromo and iodo complexes resulting from the fragmen- 
tation of the tin tetrahalide impurity_ 

TGIDTA analysis of diha~orin(W)bisdierhytdithiocarbamaws 
All thermograms of the three complexes (Figs. 1 to 6) in both air and 

nitrogen show that decomposition begins just after the melting point. There 
are three decomposition steps. In air, the first two steps are immediately con- 
secutive and involve sudden Iosses of mass. In nitrogen, the mass Ioss at the 
first step is sudden but the loss of maSS in the second step is more gradual. 
In both air and nitrogen, an aImost constant relative loss of molar mass occurs 
in the fIlst step and it is clear that most of the diethyldithiocarbamate ligands 
are lost. In the second step, the increasing moIar mass lost in the progression 
from the chloro to the iodo complex indicates that the halogen Iigands are lost 
during this step. The temperature ranges and percentage mass losses in the 

iTk ion (!SCWJ3~) is the base peak in all spcura_ 



Fig- 2. TGABTA of 
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Fig. 4_ TG/DTA of dichlorotinWlbisdiethykiithioarbama te in nitrogen. 

Fig. 5 TGlDTA of dibfcwotinWlbisdiethyIdithiocxbamate in nitrogen- 
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decomposition axe given in Table 2. The theoretical percentage mass losses 
corresponding to the proposed mechanism of thermal decomposition are ako 
given. 

TABLE 2 

SUMMARY OF TG DATA FOR DIHAIBTlN~IV)BISDILD~IOCARBAMATE 
COMPLEXES 

212-260 
45-8 

210-260 
40.9 

200-o 
38.9 

-320 
185 

260-330 . 
29.1 

32-S 

14.9 (14.6) 

24-O (27-8) 

330&o 
39-9 (37.9) 

In all cases the third step is clearly separated from the second. In air, 
the third step involves the gradual conversion of the remaining tin sulphide 
to tin(JV) oxide_ The gradual formation of tin(N) oxide possibly proceeds via 
the formation of a number of tin sulphides and mixed sulphur oxide spe- 
&3x0_ 

The TG/DTA pmfie for the third step in air’indicates a slight loss 
of mass coupled with a Iarge exothermic change possl?lly indicating the for- 
mation of some of these species. In nitrogen, the third step invoives the dec- 
omposition of tin(n) sulphi& to metallic tin and sulphur at a high ten@rature 
(above 750°C)_ 

The DTA p&s correspond exactly with the greatest rate of mass loss 
in the TG in all steps, in both qenzs, e--for the fIIst endothermic 
DTA peak which correspouds to the melting point of the complex. The DTA 
data iudicate that, in nitrogen, the f& and second steps are endothermic due 
to the breakage of bonds and the formation of stable products via reactive in- 



termediates. In air, the fust step is endothermic but 
exothermic; probably a reaction between air and the 
OC%Xlting_ 
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the second is mar+dly 
residual tin sulphide is 

EGA data for dihaIotin(?~isdiethyidithiocarbarnates 
For the identification of the voIatiIe compounds evolved upon heating 

the sample in the glass inlet system to the GC/MS, the process of successive 
subtraction of reference mass spectra was used- Upon identification of a vol- 
atile component by comparison with reference mass spectra*‘-“, the corre- 
sponding~speanun was subtraded from the total EGA maSS spedrum 
with the appropriate adjustment of m/e peak intensities- By this method minor 
amounts of ethylisothiocyanate and diethylamine were identified in the pres- 
ence of extremely large amounts of carbon diiulphide- For each complex stu- 
died, ethyl halide was detected_ Tetraethyithiourea was not detected in the 

TABLE 3 

IDJZMEICATION TABLE OF PYROLYSIS PRODUCTS FROM GC-MS ANALYSIS 

NO- Nome fdenxtfication KeJ 

1. 

: 
4_ 
5. 
& 
7. 
8, 
9_ 

IO_ 
ii- 
12 
13. 
x4_ 
is. 
16_ 
I7_ 

:: 
20. 

z 
23_ 
24. 

E- 
27: 
28. 

carbony SlxIpflide 
_YI mercaptan 
Amone (solvent) 

E;E$h” 

Triahyiamhc 
i-=Yl Pm 
EtiIyii!iOthhyWZt 
I-Ethyithiidiilc~*thione* 
Diuhyl disdpIlidc 
Dkthyillitmsamine 
Unknown 
thkuown mfw = 98) 
N.N4ethylforman1& 
unknown 
UaknOWIl 
Unknaam 
USlbOWZI 
N.N.N’,N-tctracthyiur 
N,N~yIthioiormamiaei 
unknown QMW 156) 
unknoam (Mw 170) 
S-MuhyI N.N-&u.hyldithiocarbgaatef 
N,NXN’-tctradyllhiourea 
S-Ethyl N,N-diabykiit~ 
cille 
BmlmEthme 
Iodoahpnt 

11 
ii 
ii 
ii 
ii 
ii 
ii 
ii 

ii 
12 

12 

12 

12 

ii 
11 
11 



344,--.- :. 

EGA since it is inv&atikat a pure of about 0.5 TOIT at room temperature. 
The B.P. of’this ckmpound is 93435 “C under a reduced pressure of 0.8 mm 
of Hg (0.8 Torr)“. 

The EGA data are in good agreement with the PKC-MS data, even 
though the heating rate of 40°C min-’ is much sfower than the furnace 
(>2OO”C tin-‘) in the P&C-MS experiments. 

The GC-MS ana&& of the decomposition products of 
diharol 

OnIy the firrst stage of thermal decomposition (in inert atmosphere-he- 
lium) of the three complexes results in compounds which can be detected by 
our technique- The main halogen product (halogen gas) is too reactive with the 
GC coh.unn to pass through it and the temperature of the third step of de- 
composition is too high for our technique to be applicable. 

Most-of the main decomposition products were identified by comparison 
with reference mass spectra”- ‘*. Other compounds were identified by deducing 
their molecular structure from their mass spectra and from the known struc- 
ture of the compkxes. In Figs. 7-9, the output of the source total ion monitor 
(!ZfIM) is shown for the pyrolysis of each complex. The major products, carbon 
disulphide and tetra.ethyIthiourea, were the same for each compIex_ The main 
difference between the decomposition products of each compIex is the ethyl 
halides. There are also differences in the yields of minor products compared 
with the major products. 

r....*....r....r....l....-..~--..I 

0 5 lo 15 20 25 30 

-Retention time <min) 

Fig. 7. STrM of P/Gc-Ms of dichIorotin(~yidi~-e_ 
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0 5 lo Is 20 2s 30 

Retention time <min> 

Fig. 8. SIIM of P/GC-M!S of dibromotidiV)bisdiethyldi~i~~~ 

,-....-..-...............~....J 
0 5 0 15 20 2s 30 

Retention time (mid 

Fig_ 9_ SiTM of PGGMS of bisdiethyldithiocarbamatotinodiiodide 

CONCLUSION 

The effkctiveness af our technique, in separating the thermal decompo- 
sition products of each step, has not been proved, since only the products of 
the fii step passed through-the GC klumn. However, our technique has 



proved very vaIuabIe in efucidating the thermaI decomposition mechanism for 
the dihaIotir@Wbiiykiithiocarbamate complexes. 

The major products of the first stage of decomposition in nitrogen were 
carbon disulphide and tetraethylthiourea. These products are very similar to 
the major products of decomposition of biiiethykiithiocarbamato copper0 
and hence the mecha&m is probably very similar to that proposed by Sceney 
et aI.*. The mechanism for the first stage is envisaged as: 

X 
Et \ g4/5\ fiP Et Et 

Et/ N-5+~~i-N~Et - 
\ -/ 

Et’ 
N-C+ -t CZ+ + xrs”S + N, 

X 

S S 
R II 

EtzNC++ -NEt, + EtzNCNJZtt 

X represents the halogen ligand. 
The second decomposition stage in 

of dihaIo&@VJsulphide possibly by the 
halides are present in amounts too small 

nitrogen involves the decomposition 
Ioss of the halogen gas_ The ethy1 
to be considered as the major mode 

for the loss of halide Iigands from the parent complexes. Their formation may 
be due to a minor reaction of the ethyl species with the halogen species The 
proposed mechanism for the second stage is envisaged as: 

This reaction probably involves interaction between mokules of X&S 
Ieading to the formation of halogen gas. 

The third decomposition stage in nitrogen involves the loss of sutphur 
from tin strIphide to yield metallic tin The resuhing concentrations of carbon 
disulphide and tetraethyhhiourea should be equal in order to fit the postulated 
mechanism of thermal decompo$tion. Source total ion monitor runs indicated 
that the yield of tetraethyhhiourea was less than that of carbon disuIphide. 
This could be the result of secondary minor modes of decomposition which 
can also produce carbon disulphide but without the formation-of t&raethyI- 
thiourea Another possibility is that the ions postulated for the formation of 
tetrathyhhiourea can react with impurities and with the halogen species to 
form other compounds. Earlier P/GC-MS runs on the impure dichIoro com- 
pIex have shown that the formation of tetraethyIthiourea is dependent on the 
purity of the sampIe and with increasing purity, the yieId relative to carbon 
disuIphide increases_ 

Some of the minor decomposition products can be expkrined by sIight 
alterations to the me&anism of therm& breakdown such as follows: 
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X 

7 
EtNCS+cs,+Et+ -N 

\ 
+x&ls 

Et 

1” 
Et++-N \ + Et,N 

Et 

The triethylamine could possibly dehydrogenate to form l-ethyl pyrrol 
thus supplying the hydrogen atoms for the formation of diethylamine (&NH) 
and N,N+iiethylthioformamide (Et2N - CS - H)_ These products can easily form 
since both EtzN - CS* and -NEtz ions are postulated in the thermal decom- 
position mechanism- 

The W-MS results indicate that small amounts of oxygen-containing 
mokcules are present as products of decomposition_ This is probably due to 
the presence of acetone (solvent), oxygencontaining impurities and water va- 
pour_ The pyrolysis of acetone does not occur readily at temperatures Wow 
400 T”. Unless one or more of the products acts as catalyst, the effect of ace- 
tone on the products of decomposition is expected to be negligible- The pres- 
ence of impurities containing oxygen is the probable cause of some of the 
oxygenated species produced. However, the presence of water results in the 
formation of hydrogenated and oxygenated species via hydrogen abstraction 
and hydroxyl radical reactions. 

It is interesting to note that the nature of the halogen l&and attached 
to the tin atom does not modify the thermal decomposition mechanism of the 
complex. X-ray structural data on the dihaIo~in(IV)bisdiethyldithiocarbamate 
complexes are not available and Misssbauer spectral data” for these com- 
pounds cannot differentiate between a tetrahedral and oct+hedral structure_ 
However, infrared data obtained by Zaidi et aL7 indicate a rrans-orientation of 
the halogen iigands in an octahedral structure_ Our thermal data are consistent 
with an octahedral structure for the dihalotin(Iv)b’~iethyldithi~t~ 
and the diethyIdithiocarbam ate acting as a bidentate ligand, 
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