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THE THERMAL DECOMPOSITION OF 
BIS(DIETHYLDITHIOCA RBAMATO)TI N(II) 
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D~paetntents o f  P l ~ d  t~e 'nei~t~ and Ino~E~uzic and ,4nair l icel  Ch~tnis l~.  l .a  T t ~ , .  Unirersilw, 
Bumtmnu. I ~ o e m  ~ ¢ Au~ral~) 

ABSTRACT 

The thermal decomposition behaviour of  bis(diethyldithiocarbamato)-tin(ll) 
is reported. The compound is completely volatile under vacuum but decomposes in 
air and nitrogen. During heating in air, complex processes o f  oxidation and decom- 
position occur. A n a l y ~  o f  the de~mposi t ion  products sugg~ts that the two major 
modc~ o f  dccompcrsition are compet i t i~  and tcmperature dependent. 

r~-rRODUCTIO.~ 

Our previous studies on tin dithicmarbamate complexes t - s have shown that the 
mechanisms of  thermal decomposition are complex. Most o f  the complexes studied 
,~ r e  of  the "mixed ligand" variety. ~ith halogen or  phenyl groups bonded to tin in 
addition to monodcntat¢ or bidcntat¢ dithiocarbamat¢. Our accumulated thermal 
data on these complexes clearly show that halo.~en or phen)'l ligands and the mode o f  
binding of  the dithiecarbamate !igand all influence the thermal decomposition 
mechanism of  the complex. The Ioojcal extension of  this work is to study the thermal 
decomposition of  a tin dithiocarbamate complex in which only dithiocarbamate 
ligands in a knox~ binding confi~uration are coordinated to tin. A suitable simple 
complex for such a study is bis(diethyldithiocarbamato)tin(ll), Sn(Et,dtc)_,. We now 
report the results o f  a detailed inl~stigation of  the thermal decomposition o f  this 
compound. Our thermal data differ markedly from those previously reported by 
Perry and Geanangel 6 and we conclude that in this previous work the compound 
reported as bis(diethyldithiocarbamato)tin(ll) ,~as a mixture of  Sn(Et,dtc)z and 
tot rakis(dicthyldithiocarbamato)tin(I | ) ,  Sn(Etzdtc)~. 

Melting points were determined using a Merrier FP-2 Holstage Microscope 
u n ~  otherwise slated. Mass Spectra ~ ¢  recorded on a JEOL JMS 13-100 mass 
specZrometer using an ioni~ng energy o f  75 eV. TG/DTG/IDTA ~ere carried out in 
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air. n i t r o ~  and  under  vacuum using a Ri_~aku-Denki thermal analysis  _system, a t  a 
hcatin~ rate o f  10-~C per minutc xx~th samples o f  approximately 10 rag. Th~ pyrolysis] 
ga~ chromatography-mass  spcclromclry (P~GC-MS)  a n a l ~  were earricd out  usin~ 
a G C - M S  computer  system dcscribed p r c ~ o u s ~  ~- ~- ~ The  G C  column used in 
these studies u,"as a 6 ft. :~. ',;~ in_ o.d. g ! a ~  column packed ~ t h  3 ~ 13~ 5~0 on 60o~0 
Chromosorb  G. AW-DMCS.  All elemental ana~3e5 x~ere performed by the C S I R O  
Microanah~ieal  Ser~c-~ Mclbournc University, Mclbournc. Australia.  Infrared 
spoclra wet~ recorded by means o f  a Pcrkin Elmer 457 Grat ing  Infrared Spcctro- 
photometer  using KBr  pcl!cts, and r a n ~  4000 to ~ c m -  ' 

B i s ( & t h y l d i t h i o c a r b a m l o ) l i n ( ! l )  ~t~,s synthesized using a modified procedure 
to one o f  Ithos~: r~Ac~x~d by M a ~  ~'_ The d i c lhyhmmon ium salt o f  dicthyldithio~ 
carbamic acid (re.p_ 81_0-SI.5 "C. d'. L i t .  :$1-:$2 s and $2-83~C ~) xx-~L5 used instead o f  
the sodium salt. A n  elhanol ic solut ion o f  the salt x~as addc-d Io a similar 5olution o f  
t i n ( l l )  chlc~ridc under a cont inuous stream o f  nitro~_~,~n. White cr3~tals o f  Sn(Et :d tc)z  
are precipitate-d, c-~-en when t l ~  sal ~ . ~ added in !c~5 than stoichiornctric quant i ty.  
The melting point,  oblained from D T A  data,  106-107"C. agrees x~th p r ~ i o u s l y  
reported ~dues  (10S-109~C I°  and 112~C I i (sealed tube))_ 

Thc  clemenlal anab~is  data  ~i~cn in Table  I, a l though limited, agree well x~th 
Ihcorclical x~lucs. 

TABLE I 

~'I.E2MIIL%'lrAL A.'N;AL~GliS ID'ATA IfOR Sll~l~--~lrC),=_ 

%{" ",,11 72~%" 

Calculated 2~.92 4~5 6.75 
Found 2S.67 4J6 6.75 

TABLE 2 

416 ~ SnlSz4C~Et:):. ~ ( ~ l g r  ion) 

20S SmS=C~Et-.J~_ *~ 
1 4 ~  SzC~EE=-  
120 Sn" 
i l 6  SC~EI: b (Ixatsc pc~k) 

I~ SCNHFA" 
76 CS:_ '~ 

~- NB-." 
60 H=NCS" 

BNH" and a ~atk CS÷ 

" ~ e  ~ . ~  i~.om~l~ rqu l ,~ l  by ~ m~l C.::lm~x:l '~. 
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Infrared spectroscopy and mass spectrometry v,'cre used to confirm the idcntity 
of  the compound. Bonati and Ugo' " su~_-ocst that only the prcscncc of highly asym- 
metric dilhiocarbamate IL-_ands can producc two absorption peaks in the C-S stretching 
rc~ion (1050-950 crn" ~ )~ .  For the complex studied, only one stron[ peak was 
observed in this rc'~j'on, at 992 c m - ~ .  indicatin~ that the ILeands are not greatly 
asymmetric_ This agrees ~vith X-ray studies ~ ~- ~ ,  ~,-hcrc thcy v,-cre shown to be only 
slightly as3-mmclric. 

Thc  mass spcclrum o f S n ( E t , d t c ) . ,  obtained by direct insertion probe at 85~C. 
is ~ven in Table 2. For clarity, only those ions comainin~ the most abundant isotopes 
of  the elements present are reported. A molecular ion is observed and other ions arc 
easily rationalized from the postulated struclurc of thc compound. The spectrum 
has bccn ~ivcn prc~-iously by Perry ~nd Geanangel ~" but their data arc limilcd and 
contai n errors- 

T I l E  T ! ! E R ) I A L  DECOMIPO~TiO.~ OF Sn(Etzdtc)z 

The  thermal data obtainccl for decomposition in nltro,.,...en, under ,-acuum and 
in air are ~ c n  in FLes- I -3.  In a dynamic nitrogen atmosphere., the compound melts 
at I 0 6 ~ I 0 7 ' G  as shown by an cndothcrmic D T A  peak (F i~  I)- Decomposition 
occu~  in thc temperature range 2 1 0 - 3 6 0 ~ G  wilh a residue. The  relative m~,:~ loss 
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Fig. l .  A simullanCous TG~DTGt-DTA or Sn(FJ:dlc):. in a nitrogen a I ~  

F~- ~ A DTA of Sn(EL--dt¢): in a ~lcuum_ 
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TABLE 3 

mu:L~-r.,,~ ~ t~ -~s  o f  SmEt=du:~ 

yomsd 

N i l r o ~ m  210- - .~0  61-1" 
J~r ~00-310 $9~ 

,~ d'. th,corc~i=al ~ ~ ~ i n ~  to a rcsiduc el" tin(lll) sulphi,d~ of" r~3.7'~.,~. 

('i-able 3) and the results o f  p r~ ious  in .~t igmions  t - 3  suggc.~t that the re .due  is 
tin(H) sulphide_ The su~es t ion  by these authors I, that  t in( l l )  sulphide dccompos~ 
into metaWtc tin abov~ 7S0~C. has been found to be incorrect. "l'in(ll) sulphide is 
stable a t  temperatures above 1000"C ~6. The data that ~.ave rise to this supposition 
have bccn ~hown to be due to a ~-ystcrr~tic instrumental malfunction. 

D T A  data only v,~ere obtained for the analysis under vacuum ( <  10 -2 tort)  
(P ig .  2) .  P~fter mel t ing,  a t  108~'C. the c o m p o u n d  ~apoHscs in  the ran.~c: 150 -250"C  
with peak 1~aporisation at  215~C. Dccomposition also probably oc~vs~ as indicated 
by the small cndothcrm~ peak at 245~C. and a small rc~duc (0.2 mg from a ~ m p l c  
o f  14.g mg)_ Mass  spectral  s tud ie~ a t  a pr~___cure I_e~_s than I 0 -  6 tort-, ind icate tha t  the 
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compound  is completely volatile a t  this pr_~_~ure_, as no  residue ,,~ts obse~-ed after 
analysis_ 

In a static air  a tmosphere (Fig. 3) the situation is more complex. An initial 
oxidation corn _men_e~_~ at  91 ~C as indicated by the exothermic DTA peak and a smalI 
ma_g,; gain (approximately 2 ~ ) .  To  confirm oxidation at  this temperature a sample 
o f  the compound  m~s maintained at  !05~C for onc hour  and the product submitted 
for microanalysix. Thc  oxy~ocn content  found ~,-as 3.1 ~ ,  which may be compared 
with the calculated value o f  3 . 7 ~  for the formula OSn(Et,dtc)_,. The  difference 
b e t ~ e n  these values suggests that  the oxidation is incomplet~ This is corroborated 
by the existence o f  a broad endolhermic DTA peak at 108~C. The latter is a lmost  
the same temlXa-atur¢ as that  obe~rved for the melting point  o f  pure Sn(Et ,d tc)z  
under  nitrogen~ the broadness o f  the peak suggests contaminat ion,  i.e._, l~ith the 
oxidised product.  Finally, the exothcrmic DTA peaks commencing a t  160"C suggest 
further oxidation. 

T o  supplement the thermoanalytical  data,  a sample ofSn(Etzdtc)z  wasexamined 
dur ing heat ing in a melting point  apparatus.  A sharp colour  change., from white to 
orange, occurs a t  90-96"C.  soon after  which the sample liquifies but  then a lmost  
immediately solidifies a~[ain. The colour  c h a n ~  is not  t ' e ~ l  on  cooling. The sample 
ex~t tual ly  turns  yellow in the temperature rangt: !50- !80"C.  Bct~ccn 190 and  200"C, 
obvious_ signs o f  decom!x~it ion appear. 

These obr, ev~ t ions ,  allied ~ i t h  the thermoanalytical  data.  may be explained as 
follov,~ The  colour  chan~_  white to orange, is duc to partial o~idation o f  the sample 
as  a solid. As the temperature i n c r c a s ~  phase changes occur during which the 
remaining unoxidised sample melts. Cont inuing oxidation causes the sample to 
solidify a_eain., since the oxidised product  ix a solid at this temperature. The  later 
colour  change from orange to yellow .,',uggests that  oxidation may be complete ~x4ten 
the tcmiggature  reach¢~ 180"C. Ho,vever, the presence o f  a~ exothermic tail to the 
endothermic decomposit ion peak at  266 ~C in the DTA,  indicates that  this may not  
al~-ays be the case for large samples such ax are used for thermal anai)~is. 

The  decomposit ion o f  the oxidiscd products  occurs within the range 190 to 
310"C with a residue, probably a mixture of :SnO,  and  SnS ,  t ~. , s which is e ~ n t u a l l y  
converted to  S n O .  I~" ws when the temperature reaches 950~C. 

MECHAN'ISM5 OIF TItEitMAL D E C O X t ~ O . ~  

Samples ofSn(El ,d t¢)~ ~ r c  subjected to P i G C - M S  analysis, initially at  400~C. 
This  is I11© tcmpclaturc  at  which dccompo~t lon  is subslantia!!y complete, ax indicated 
by the thermoanalylical  data.  In order  to s tudy temperature ¢tt'ects, addit ional  
pyrolyses ~ ' r e  carried out  at  thr¢~ lower temperatures. The products ofdecomposi t ion 
are listed in Table  4. The  column used did not  separate carbon disulphide and 
diethylaminc dTccti,~ly but  analysis  o f  the da ta  indicates that  carbon disulphide is 
the major  product.  
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I t  should be pointed out that products in tract  quantities are not  n ~ r i l y  
due to decomposition o f  the pure compkm. They may result from decompo~tion 
o f  impurities or  reactions o f  impuritic~ with true products or  intermediates. 

Relative 3delds depend mainly upon the final temperature reached during 
pyrolysis. From the results o f  anals"~s at different temperatures, it is clear that 
competing decomposition path~ays am invo!~ _~d~ similar to those proposed for other 
tin dithiocarbamates t - s 

At low temperatures (200-300~C) the favoured mechanism appears to be 
Mechanism I 

5 

,L ¢~.~:-.e~;~. C~" 
s 
- | 

At h ; - ~ r  temperatures, the follo~qng mechanism is favoured 
Mechanism !1" 

S 

g 

The increasing distortion of  the metal-li~and bonds at  hio~her temperatures causes 
the ligands to become increasin~y isobidentate. This favours a mechanism of  thermal 
decomposition initiated by the rupture of  tin-sulphur bonds, i.e. mechanism IL 

The two mechanisms only explain the presence o f  a few compounds. Other 
factors must be invoked to ~xplain the remainder. Some products are the result o f  
reactive intermediates postulated in the primary me~mnisms, reacting ~i th  other 
substances to produce neutral hydrogsmated ~ e..D N,N-diethylthioformamid¢ 
and dieth]damine. Others are clearly the result ofcyclization and dehydrogenation, e._D 
p~jfidine and l-ethylpyrroL The 3fields o f  these products inc tca~ with incrcasing 
temperature, indicating that  they are formed by secondary decomposition reactions. 

In ~t~meral. the product:~ obtained from pyrolysis in air are not  markedly 
different from those obtained in helium, even when a previously oxidised sample is 
used for t l~  pyrolysis. The major diffcrenct lic:t in thc rclati~: yidcLs of  ~ome products. 
in  both atmospherch compounds containing oxygen are observcuL whose yields. 
relative to the major products, are ~ for p~olysis  in air. As previously discussed •, 

m a y  affect tim r e l a t i ~  impmtmm~ o f  the  two  ~ a s ~  in gels- 2 a n d  3. Note .  in 
nef. 4 the  p n x t m a s  hawe b e t a  ~ t y  -~_~'~bed t o  the  w r , ~ _  ~ mmlmnism,  re . ,  Medganism l 
imodu~ to ~ !1 and ~ e  vena- 
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]Fig_ 4_ A t~Z~al source IOI.11 ion moniwr ompm ora  V;GC-M$ anal)~,is of Sn(Ez_-dtc):, carried ou! 
at "-~0'C in --, helium atmosphere. For identification of c:ompouru~ see Table 4. 

the oxy_een apparently reacts mainly with involatile residues, which leads eventually 
to complete oxidation* ~- s s The presence of  oxygermted compounds after pyrolysis 
in helium has been previously o b s e r ~ l * -  3. ~ and ascribed to the presence o f  ~ater 
or  acetone trappcd in the cr3~_ al structure_ 

Pyrol)~.ds in a i r  appears to favour mechanism I ;  also in the T G  studics, a faster 
rate o f  decompo~tion is observed for pyrol)~As in air. In a previous paper "t, it x~zs 
suggested that the increased decomposition rate is due to  additional heat. produced 
by oxidation reactions, being gained by adjacent molecules, thus promoting the rate 
of  decomposition. This accounts for the obscr~'d increase in the relati~e importance 
of  mechanism I for air pyrolysis o f  Sn(Etzdtc): since decomposition is promoted at a 
Iox~r temperature than that expected to occur in thc absence of  the oxidation reactions. 

COMPARISO.'~ IkViTI| TIlE v,X'ORg OF PERRY A ~ D  GEA~A.~(;EL 

The results ~ , ~ n  in this paper differ markedly from those reported by Perry 
and Geanange!~ We have studied this problem extcn~vcly and ha,'c concluded that 
the material studied by Perry and G e a n a n ~ l  was a mixture o f  Sn(Et:dtc)z and 
Sn(Etadtc)4; the latter predominating A summary of  the evidence supporting this 
conclusion is presented here. 

Perry and Gemnang~l reported a synthesis of  the bis-complex in which an 
"oran~e product" was obtained. We have repeated this synthesis and also obtained 
an orang:  product. H o ~ c r ,  authentic Sn(Et2dtc). is white t t .  z3 and Sn(Etzdtc).  
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is orange.. Thus it m y  be concluded that the product rcDorted by Perry and Gcanangel 
is c~rta;nly not  th~ pure bis-complex. 

"]l'he IR SlX'Ctrum reported by Perry and Geanangel contains two strong peaks 
in the C-S ~tretchin s rcsion~ at about I010 and 992 cm- I_ This is also the case for 
the t e t r a H . ~ m p l e x  3 and for the orange compound noted above. However v,~: have 
shown that Sn(Et2dtc). exhibits only one strong peak in this region, at  992 cm-  i 

Perry and Geanangel examined their material in a melting-point apparatus and 
reposed a procedural decomposi,.ion tempc~turc of  151 ~C. which is close to that 
reported for pure Sn(Etzdtc).t, 160--162"C ~ ~. When pure Sn(Et.dtc)= is examined by 
this procodure, phase changes and oxidation arc observed at  about 100"C. 

Comprehensive thermal data obtained in this study do not agrc~ with that given 
by Perry and Geanan~oei. Their TG data. obtained under nitrogen-", show two stagc~ 
whereas our data indicate only one. 

Though the mass spectra ofal l  products arc similar, thc spectrum ofSn(Etzdtc) ,  
apigars  at  a much lower ~ample temperature (100'C) than either the o r a n ~  product 
or  Sn(Etzdgc) = (150:C). Small peaks due to the presence o f  relati~,~ly involatile 
decomposition intermediates arc obsc~'cd for the latter compounds but not for 
Sn(Etzdtc)z- 

The t~chniquc known in these laboratories as Prosrammed Probe Analysis 
(PPA) ;4. l~oduces very similar results for the orange compound and 5n(Etzdtc)4, 
but rc~l ts  which arc quite different from those produced by Sn(Et=dtc)=. The results 
are currently bein8 studied but they clearly indicate that the orange compound is not  
Sn(Etzdtc)z- 

Both the bis- and the tctrakis-comple_xcs have been observed to be unstable in 
a;r =,t room temperature, the bL~,mmple_x oxid;w-,; to form another orange compound. 
The remote possibility that the o r a n ~  compound studied by Perry and Gcanan~el 
may have been an oxidised form of  Sn(Et,dtc)= was eliminated by studying an 
oxidised sample under PPA conditions. These results are also under examination 
but therc is no doubt that the oran..~c product ~jnthcsir~-d in thc~: laboratories by the 
method o f  Pen3, and Geanangel and the orange-colourcd oxidation product o f  
Sn(Et2dtc)~, arc not  the same compound. 

As vdth other tin dithiocarbamates inve~sti~tot t -  s the decomposition of  
Sn(Etzdtc)e has been shown to Ix: complex, involving two tcmperaturc-dcpcndcot 
and competitive mechanisms. Other secondary mechanisms are observed. However, 
since t in is in the oxidation state ( I I ) ,  the formation of  radical spccics does not occur 
in the primary decomposition scheme, as in the case o f  the t in( IV) dithiocarbamatcs 
pt~-~ously  s tud ied '  - 5_ 

TI~ ~ ~udy  o f  Sn(B2dtc)z has shown that the prc~ous sug~=~st;on by 
the authors concernin~ the isobidentate nature o f  the dithiocarbamatc ligands in 
Ph ,$n (E t ,d t c~  2 is invalid at  room temperature. The high temDcraturcs used for 
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pyrolysis of  PhzSn(Et~dtc),_. (400~C). caused the formation of  isobidentate li-~nds 
and, c~ntual!y, the formation of  volatile products by way of  Mechanism ~, !- Naturally. 
the involat i le p r o d u c ~  are dif ferent, due to the presence o f  the phcnyl  l i~ands. X - ray  
s l u d i ~  have shown that  the l igands are bidcntate at room lem i~ ra tu r¢  z~. The  ~rc~t 
compl~-xity of  the thermal docomposltion of  Ph=Sn(Et.dte). makes it e_xlremely 
difficult to determine even semi-quantitatively, the volmilc products of  Mechanisms I 
and II, since they contribute Io Ihc Iotai 3~cld only to a minor extent_ 

The use of  Ihermoanal)lical data alone has boon proved to Ix: misreading in 
formulating decomposition mochanisms of  cvcn relati~clv simple coordination 
complexes zz_ In the cas~ o f  tin dilhiocarbamale complexes, it is only by identificalion 
of  the products o f  thermal docomposilion th~t the complicated rncchanisms involved 
could bc dctcrmincd. 

The  authors  are _mrateful to  the Aus t ra l ian  Research Gran ts  Commiss ion.  
whose grant  to  Professor J, D.  M o r r i s o n  enabled the const ruct ion o f  the G C - M S -  
compute r  system used in thc~c studi~s. 
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