
~rnwchim2n Ada, 25 (1978) 185-199 
@ Elsm-k Sciadfk Publishing Company, Amstdam - Printed in ‘Ihe Ncthalands 

PROGRAMMED PROBE THERMAL ANALYSIS AND ITS USE IN THE 
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A mass spectrometer equipped with a programmed probe and a total ion 
monitor may be used to study thermal decompositions by gradually heating the sample 
in the probe. The ion current is monitored and mass spatra taken at appropriate 
points permit the identification of decomposition products. Single ion monitoring can 
also be employed. The method has been used to examine a series of compounds 
formed by the replacement of the rrans_Cl l&and of Zeise’s salt Pathways for the 
thermal decomposition are postulated. 

IXTRODIJCl-ION 

One of the major disadvantages in the use of thermogravimetric analysis (TGA) 

for the study of thermal decomposition of organometallic compounds is that the data 
obtained cannot be used to positiveIy identify the decomposition products_ This 
drawback may be overcome by coupling a gas chromatograph (GC)’ or a mass 
spectrometer (MS)’ or even the more powerful combination of the two (GC-MS)3 
directly to the TGA apparatus_ The use of chemical ionization-MS has ako been 
reported*. Techniques employing GC or GC-MS can be used to identify the products 
by their retention times and/or mass spectra_ but provide no information on the 
temperature at which the products were evolved. This can be achieved either by 
directly monitoring the effluent gases of the TGA apparatus with a mass spectrometer 
or by inference from the TG data. 

In laboratories which do not possess such advanced techniques, the problem of 
the identification of products may be approached in another way if GC-34s is 
available: by heating the sample in a furnace at the injectionp&t ofthe GCinstrument- 
This has been the approach in our laboratories receutly5_ Previously, the temperature 
relationship has been obtained by heating the sample in a programmabIe furnace 
inside a mass speztromcte+ ‘. 

‘To whom correspor&mc may be addrcsed. 
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A simpler ~xy, however, is to heat the sample at a known rate, in the direct 
insertion probe of a mass spectrometer. With due resrd to ionization efficiencies, the 

total ion monitor (TIM) output is proportional to the amount of gas evolved. It thus 
becomes possible to relate the TIM output and the mass spectra to events in the TG 
data. 

Progranmmi Probe Anaipis 
The JEOL JMS DlOO mass spectrometer can be equipped as an optional extra, 

with a direct probe whose temperature can be increased at a prozgammed rate between 
- IOO’C and ~joo’C_ Six pro_gamme rates are available_ This instrument is also 
equipped with a totai ion monitor. in use, a small sample (about 0.1 m_e) is -gradually 

heated, usuai!y at 5’C min- I and the total ion current output recorded_ Mass spectra 

can be taken as appropriate or a second pen on the TIM recorder can be used to 
monitor a particular nl.‘e value_ A third pen on the recorder indicates probe tempem- 
ture. 

Zeises Salt Deris/lrires 

The chloride ligand trans to ethylene in the anion of Z&e’s salt, [(&Ha)- 
PtCl,-J-, can easily be replaced with a variety of liginds’- IO, yielding a series of 

compSexcs of zenera formula (CrH,)PtCI,_ L. IHayana@ and Saito employed the 
ligznds pyridine (py), 4-methylpyridine (4CH3-py), pyridine-N-oxide (py-X0), 

-I-methylp>-ridine-N-oxide (4CH,-py-X0) and dimethylamine in mapetic resonance 

stud&’ ’ because these ligands exhibit a range of trans influences upon the Pt- 

cth_vlene bond. It was our intention to use these same lignds to invest&ate whether 
any marked changes resulted in the mechanism of thermal decomposition of the 
complexes The methods empioxed to chancterize the thermal decompositions were 

thermogavimetric analysis (TG), pyrolysis-evolved _a analysis (P-EGA) and the 

programmed probe thermal analysis described herein. 

Zeise’s salt was prepared by the method of Halpem and co-workers” and the 
irans chloride li_gand replaced by slow addition with rapid stirring of a soktion of the 

replacing ligznd in ethanol to an equimolar quantity of Zeise’s salt dissolved in water. 

Yhe products obtained were recrystallized from AR acetone. 
Microanalyses were carried out by the Australian Microanalytical Service, 

C-S.LR.O_ and confirmed the identity of the compfexes. 
Simultaneous TG, DTG and DTA curves were recorded on a Rieku-Denki 

Thermofiex Desktop TG-DTA thennobalance, for all complexes prepared. Samples 
were alI) approximately 10 m& and a similar amount of aluminium oxide was used as a 
refertnce material. Sample holders were 5 x 5 mm diameter silica crucibles and 
measurements u-ere carried out in nitrogen and static air atmospheres, from room 
temperature to 6oocC_ Heatins rates were either 10cC or 20°C min' I. (The faster 

hearing rates tend to amplify DTG sign&)_ Preliminary runs were carried out both in 
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air and in nitrogen, to determine if oxidation was occurring, but nc oxidative processes 
were apparent from TG curve comparisons_ On the basis of this resulf all following 
studies were performed in a static air stmospher+ 

RUL'LTS 

Thermoanalytical curves fcr the complcxcs in which L = py, py-NO, 4CH3-py 
and 4-CHj-py-NO were quite similar and are exemplified by the data for the pyridine 

complex given in Fig I. SimiIar data for the other complexes is summarized in Table 
I, The curves for the complex with L = HN(CH& and Zeise’s salt itself are rather 
different and are shown in Figs_ 2 and 3 respectively_ In all cases, decomposition of the 
complexes apparentiy occurs in two overall steps. The first overall step is not a smooth 
loss, as seen from the TG curve inflection and as reflected in the DTG curve. The 
resu!ts in TabIe I indicate that the overall TG processes correspond largely to the two 

decomposition steps 
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(C,H,)PtCI,-L 4 PtC12 + CHI=CHz f L (1) 
PtClz + R + 2CI- (2) 

For 2kise’s salt (Fig- 3), the mass loss A-B corresponds to the loss of all 
ligauds and coordinated water. 

Curves obtained from the programmed probe thermal analysis of the complex 
withL= 4-CHTppN0 are given in Fig. 4. 

The total ion current cutve indicates three major losses; the first, and largest, 
occur&g at ca. SOT, the other two occurring at M 225% and ca_ 260°C. Corre- 
sponding to the first loss, maxima are also noted in the zn/e = 28,36, 109 and 387 
curves_ The presence of the m/e = 387 peak indicates the possibility that some 
proportion of all other peaks is due to mass-spectral fragmentation of this ion. For the 
other two peaks in the total ion currznt curve, only HCI appears to be evolved (m/e = 
36). 
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EXOTHERMC 

Programmed probe thermal analysis curves for the comp!&xes ia which L = py, 
py-NO and 4-Cf-TB-py are similar to those for the 4-CH,-py-NO complex, varying 
only in the mfe vaiues monitored. A summary is presented in Tabfe 2. 

For t&e complex in which L = HN(CH&, the totaJ ion current indicates three 
losses during decomposition: at 70”, 100” acd 145°C (Fig. 5). It is evident that m{e = 
45 and ml& = 28 are lost simultaneoudy, while m/e = 36 is lost independently of all 
other ions- 

For ZeWs salt, the plot presented in Fig 6 is exUrmely simple. compared with 
those for other complexes This is probably due to the Lack of variation of tJxe ligands. 
E;rorn this plot, the total ion am-mx curve indicatts two major losses, occurring at 
165°C and ZQO”C, the latter toss having a broad ta& extending to 250°C. 

l&m/e = 28 curve cornsponds to the total ion current curve in tht 165°C and 
20o’C regions, while the m/-e = 36 responds to the 200°C region as weil as to the 
broad tail region, PSWC 

On anal_tis of the thcrmo_aams for the compkzxes in which L = rl-CH,-py-NO 
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F%ia. Rcsultsoftheprogrammcd probe analysis for the 4-Clkpy-NO complex_ 
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Fs6. Resdtsofthepr~ probe analysis for Z&e3 salt. (Note that the temperature scale 
nms in the dircaion opposite t3 that given in Figs 4 and 5) 



RESIXTS OF PROGiurrwED PxmE THERMAL ASALYSCS - 
s , 

28.36.93. 109,387 
36,93 
36,93,451 
28,36,79.95,372 
36, 79 
36.79.423 
28*36,79,3i3 

28.36.79,373 
36.79.423 
28. 36.93. 387 
36.93 
36.93,3543 
36,28.45,339 
36,2&S 
36 
2s 
2%. 36 
36 

a PC& ~emperafures are only approximate, in that mzsny of the frzrgmcnts dctcctcd came off at 
slightly hi* or Iowa tempuature_ This fact is importaM in term5 of mechanistic studies_ 

and dimethylamine, calculated and expected weight losses disagreed by up to 8 OA, rhe 

grezttest discrepancy bein g for the dimethylamine complex. Consequently 100 mg 

samples of the dimethylamine and 1CH3-py-NO comptexes were pyrolyzed by 
pro_mmmed heafn g on the thermobshnce, then holding the temperature steady at 
56oT for one hour, after which the residue was cooled and microanalyzed. The 
results are preserited beIow_ 

xH.K.Hab < OA CO.1 CO.1 co3 - 

4xHa-py-~O <O.l co.1 <0_1- to.3 0.4 

Obviously, most of each residue was platinum metal although detectable amounts of 
other elements were present. 

The results from the thermo_eraGmetric experiments show that whiIe the results 
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can be satisfactorily analyzed in terms of the two steps suggested above, the curve 
shapes and the two pyrolysis experiments indicate that the system is far from being 
strai&tfonvard_ The thermal decomposition proceeds via some intermediate steps 
and the final residue was not platinum metal alone. Trace amounts of stable &I- 
pounds (one such possibility might be [(CH,),PtCl],)’ 3 could be formed in the 
decomposition and retained in the residue. 

While the TG results are indicative of the processes occurring in thermal 
decomposition, it is the results from the pro-g-ammed probe thermal analysis which 
afford us the opportunity for informed speculation on the mechanism of the de- 
compositions- since the evolved species are monitored directly_ In fact, it was possible 

to discern that all complexes, with the exception of Zeiseb salt were marginally 
volatile with parent ions being cleariy visible, a result certainly not apparent from the 

TG experiments. 

From Fig_ 4 and Table 2 it can be seen that for complexes with L = py, py-NO, 

4-CH,-py and 4-CH,-py-NO, there are three major Iosses in which variations in the 

intensity of the m/e = 36 curve (HCI) correspond to the variations in total ion current. 

When L = NH(CH,),, the curves m/e = 45 (amine) and m!e = 28 (ethylene) 
indicate that both species are lost simultaneously, while the m/e = 36 species is lost 
independently of ail others. 

For the complexes in which L = 3_CH,-pyand py, when the peakcorresponding 

to ethylene (nl/e = 2s) was decreasing in intensity, it was observed that pe;tks of m/c 
values hisher than that of the parent were appearin,. 0 On the basis of this result, the 

complexes were pyrolyzed at temperatures corresponding to minima in the m/e = 28 
curves and the evolved ps identified_ The results are @ven in Tabie 3. 

For each residue resulting frcm these pyrolyses, the mass spectrum was taken. 

For the residues from Zeise’s salt and the dimethylamine complex, the spectra 

resembled decomposition spectra in that no high molecular weight species were 

observed. However, spect ra arising from the residue from complexes in which L = py, 

py-X0, 4-CH,-py and 4CH - 3 py-NO indicated the presence of species at higher 
m/e values than that of the parent complex- For L = py and py-NO these higher 

molecular weight species were centered on m/e = 423 whilst for L = 4-CH,-py and 

4-CHj-py-NO they were centered on m/e = 451. Also, spectra for the residues of the 
py and py-NO complexes were identical (Fi g. 7), as were those of the dCH,-py and 

4-CH3-py-NO residues. 
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Es 7_ Monoisotopic mass spcam of chc residues from low cunpaature pyrokes of 
(C&)~‘Vc=Ck - L A. L = p_v and py-HO; B, L = 5-c&-py and 4-Cl-hw-NO. 

These results give a very Won g indication of the presence of intermediate 
species of generai formuJaxi L,PtCI, (where L = py, py-NO, 4-CH3-py and 4-CH,- 
py-NO), since m,?e 423 corresponds to (C,H,N), ‘g5PtCi, and m/e = 451 to 

(CH,C,Zi,W, 1g5PtC12. Other peaks arisin g from fra_gmentation of thy parents 
are shoan in Figs_ 7.4 and B. Obviously, in the case of the N+xki.e compl&es, there 
is also an oxygen elimination step. 

As a result of these observations, it is possible to postulate a decomposition 
mechanism involving the L2PtC& species as an intermediate for all the complexes 
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fig 8_ propased decomposition pathway for (CoX)PtClt - L, *here L = PY. P.V-NO, -Py 

znd4-Cl&py-NO. (It m appropriate 10 use the symbolism of massspectromctricf~~cntation’; 
k&UC.) 

involving L = py, py-NO, 4-CH3-py and 4-CH3-py-NO (Fig. 8). When L = 
HN(CH,),, however, the situation is similar, but the observation during pyrolysis 
that the amine and ethylene are evolved simultaneously requires us to superimpose 
another process, the parent complex decomposing directly to PtCI, polymer (Fig. 9). 

The data we have for Zeise’s saIt permits only a tentative suggestion that 
dehydration precedes the ethylene elimination, the resulting anion breaking down to 
(PtClz), and KCL We have no evidence at this stage for a dimeric form of inter- 
mediate, although it is interesting to note that Z&e’s dimer [PtCI,(C,H,)], is 
reported to form as a step in the thermal decomposition of Zeise~s salt’ 5. In that 
paper also, the decomposition of Zeise3 dimer was supposed to proceed via 

JPCl,(CH&H& + Pt t PtcI, + Cl, i 2(CH2=CHz) 

In this work, however, we have found no evidence for the evolution of Cl, gas. 
Whenever chlorine is evolved, it is in the form of HCI. This suaests thqt chlorine 



e HN(CHdf 
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+ CH,=M, f 

I 

breaks off as Cl- and abstracts a hydrogen atom from the surroundings Such a radical 
process superimposed on the other processes described, further adds to the complexity 
of the sy-stem. 

For pro_grammcd probe thermal analysis, a number of difiicuhies remain_ 
If the sample is volatile at the pressure in the mass spectrometer, decomposition may 
not be observed- Less volatile samples usually yield mass spectra of the compound, 
mixed bvith mass spectra of decomposition products_ It is then n -t-y to be sure 
that ions observed are not, in fact, fragment ions of the mass spectral fragmentation 
of the compound, rather than of decomposition products_ 

A further problem with partially volatile samples is that they may sublime away 
from the kut source As the temperature is increased the sublimed material is 

reheated and results in a smearing of the data. 
The problem of volatile samples is being approached by carryig out the 

decomposition in a small furnace attached to a jet separator normahy used as a GC 
interface A flow of helium is passed over the sample and then into the interface where 
the helium is pumped away, Ieavin g the products to pass into the ion source. Pre- 
lirnimi results using this technique show promise’6. 

A second problem is that of impurities since ions observed may be the result of 
decomposition of impurities. However this problem is common to all techniques. 
Other minor problems are the possibiliries of non-uniform heating of the sampk and 

decrepitation- The efEkcts of the latter are alleviated by ensuring that the sample is 
finely powdered_ 
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