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Simultaneous thermogravimetry (TG), derivative thermogravimetry (DTG), differential 
thermal analysis (DTA), and evolved gas analysis (EGA) by mass spectrometry (MS) have been 
used to determine the decomposition path for tetraamineplatinum(ll) chloride and cis- and 
trans-diamineplatinum(II) chloride. Unequivocal identification of the evolved gases was done by 
direct insertion probe mass spectrometry. 

The thermal decomposition of (NH3)4PtCI 2 occurred in two steps. The first was endothermic 
loss of two moles of ammonia producing a mixture of cis- and trans-diaamineplatinum(II) 
chloride. The second step was decomposition of the diamine complex to metallic Pt and N2, HC1, 
and NH4CI. Reduction of Pt(II) to metallic Pt was coupled with oxidation of ammonia to 
molecular nitrogen and protons. 

One method of preparing supported platinum catalysts is to load a predeter- 
mined amount of a suitable platinum complex onto the desired support and then to 
decompose the complex thermally to yield supported metallic platinum. We report 
the thermal decomposition reaction path for the pure complex. 

Simultaneous thermogravimetry (TG), derivative thermogravimetry (DTG), 
differential thermal analysis (DTA), and evolved gas analysis (EGA) by mass 
spectrometry (MS) were performed. TG gives quantitative information on the 
change in sample mass as the sample is heated at a preset rate. DTA gives 
qualitative information on the endo- or exothermicity of transformations occurring 
during the thermal treatment. MS allows one to qualitatively analyze the vapor 
space abox e the sample during thermal treatment. In addition we also measured the 
derivative of the TG trace (DTG) during these experiments. This allows one to 
detect changes in the slope of the TG curve, occurring, for example when thermal 
events overlap, which might otherwise not be detected. Thus TG events are more 
clearly defined by using DTG. 
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In addition, the complex was thermally decomposed in the solids insertion probe 
of a mass spectrometer to directly identify the gaseous species generated. 

Experimental 

General 

Tetraamineplatinum(II) chloride, and cis- and trans-diamineplatinum(II) 
chloride were purchased from ALFA and used as received. House nitrogen, used in 
all thermal decomposition experiments, was further purified by passage through a 
molecular sieve (3A) dryer. 

TG/D TG/D TA/MS 

The equipment is comprised of three major components: quadrupole mass 

spectrometer (QMS), simultaneous thermal analyzer (STA), and gas sampling 
system. The STA and gas sampling system were purchased from Netzsch and 
consist of a Netzsch STA 429, Balzers vacuum flanges, and a dual fused alumina 
orifice sampling system. The mass spectrometer is a component system purchased 
from Extranuclear Laboratories. The major components are a cross beam ionizer, 
ionizer control, ELFS quadrupole mass filter, two high-Q heads for two mass 
ranges (1-100 and 1-500 amu), Channeltron 4700 multiplier, and Tektronix scope. 

Our vapor sampling method is shown in Figure 1. It consists of two concentric 
fused alumina thimbles, each with a 50-100 micron orifice for continuous sampling 
of the vapor immediately above the sample. The pressure at the sample was 
approximately one atmosphere. When the sample chamber was at atmospheric 
pressure, the pressure between the two thimbles was maintained at 0.1-5 mbar 
using a mechanical pump; the pressure at the ion source was maintained at 
5-50 • 10 -7 mbar with a diffusion pump and liquid nitrogen trap. The shutter (see 
Figure 1) was removed and replaced with an inlet system for MS calibration 
standards. The inlet system was supplied by Vacumetrics. 

Thermal decompositions 

Generally 75 to 200 mg of sample was weighed into a disposable fused alumina 
crucible. About 100 mg of ~-AI20 3 was weighed into a similar referen.~e crucible. 
For the pure compound decompositions, the furnace temperature was programmed 
to 350 ~ at 10 deg/min then to 650 ~ at 4.5 deg/min. Note that the temperatures for 
the thermal programs correspond to the furnace temperature and not to the sample 
temperature which lagged the furnace temperature 50-100 ~ . However, the 
temperatures given in the results are the sample temperatures. 
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Direct insertion prooe mass spectrometry 

Approximately 1 mg of (NHa)gPtCI 2 was loaded in a glass capillary. The 
capillary was placed into the direct insertion probe tip of  a Finnegan TSQ mass 
spectrometer operated in the single stage mode. The probe was heated at 
40 deg/min to 350 ~ During the temperature program, mass spectra were recorded 
once each second from m/e 400 to m/e 10. 

Results 

( NH 3),,PtCI2 

The T G / D T G / D T A / M S  of  tetraamineplatinum(II) chloride is shown in Figure 
2. Two endothermic thermal events occurred. The first event occurred from 275 ~ to 
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Fig. 2 TG/DTG/DTA/MS of (NH3),PICI 2 

315 ~ and resulted in a weight loss of  10.3%; the second occurred from 315 ~ to 370 ~ 
and resulted in a weight loss of  31.0%. The DT G  trace indicates that the two events 
overlapped slightly. The MS traces show that only NH 3 was evolved during the first 
thermal event while NH 3 and CI containing species were evolved simultaneously 
during the second thermal event. The "tail" associated with the m/e 35 response 
resulted from slow removal of chlorine containing species from the vacuum 
chamber as evidenced by a persistent, slowly decreasing rn/e 35 background after 
removal of  the sample. 

Cis- and trans- (NH 3) 2 Pt CI 2 

Only a single thermal event occurred during the decomposition of  trans- 
(NH3)2PtCI2~ as shown in Figure 3. The mass change corresponded to a weight loss 
of  35.0% over the temperature range of  340 ~ to 375 ~ The thermal decomposition of  
the cis isomer was similar to the trans isomer but was shifted to lower temperature 
by about 10-15 ~ The DTA traces for the cis- and trans-diamineplatinum(lI) 
chloride and for the second thermal event in the decomposition of  tetra- 
amineplatinum(II) chloride are compared in Figure 4. 

Direct insertion probe MS of (NH3)4PtCI 2 

The relative ion intensities for m/e 17 (NH~), m/e 28 (N~-) and m/e 36 (HCI+.) 
during temperature programming to 350 ~ of  (NH3),PtCI 2 in the solids insertion 
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Fig. 4 DTA of cis- and trans-(NH3)2Ptg|z and (NH3)2PtCI 2 from the decomposition of (NH3)~C l  2 

probe of the mass spectrometer are shown in Figure 5. Ammonia was detectable 
from 250 ~ to 350 ~ molecular nitrogen from 310 ~ to 350 ~ and hydrogen chloride 
from 310 ~ to 350 ~ The ion intensities of  m/e 18 (H zO +) and m/e 32 (O2 +) were also 
monitored to determine if water was interfering with the ammonia analysis and tc 
estimate the contribution of  air to the nitrogen response. In both cases the ratios of 
the m/e 18 to m/e 17 and m/e 32 to m/e 28 were less than 0.01 at the maxima. Thus, 
the contributions due to background air and water were negligible. 
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Fig. 5 Selected ion current versus temperature in the direct insertion probe of the mass spectrometer. 
Temperature was increased at 40 deg/min; ion currents were recorded once per second. 
A) rn/e 17 (NH~) B) m/e 28 (N2) C) m/e 36 (HCt +) 

Discussion 

Decomposition of amine platinum chloride complexes 

(NH3)4PtCI2: The thermal decomposition of (NH3)4PtC12 occurred in two 
steps. The first occurred from about 275 ~ to 315 ~ and involved the loss of two moles 
of ammonia, detected in the vapor phase by monitoring the m/e 17 (NH3) intensity 
by mass spectrometry, per mole of the platinum complex. The resulting weight loss 
of 10.3% is in agreement with the theoretical weight loss of 10.2%. Thus, the first 
step of the thermal decomposition of the tetraamine complex is: 

(NH3)4PtC12 ~(NH3)2PtC12 + 2NH 3 (1) 

(NHa)2PtCI2: The subsequent decomposition of (NHa)2PtCI 2 to metallic 
platinum occurred from 315 ~ to about 370 ~ and resulted in a weight loss of 31.0% 
based on the initial mass of the tetraamine complex. This is in agreement with the 
theoretical weight loss of 31.4%. 

The DTG trace shown in Figure 2 did not return to baseline between the two 
thermal events indicating that the onset of the decomposition of the diamine 
complex overlapped slightly with the decomposition of the tetraamine complex~ 
Thus the assignment of 315 ~ for the onset of the decomposition of the diamine 
complex is somewhat lower than the 340 ~ onset observed for the pure diamine 
(Figure 3). 

The analysis of the evolved gases by mass spectrometry showed that ammonia 
(m/e 17) is evolved during both steps in the decomposition. Ammonia and a 
chlorine containing specie(s) were evolved simultaneously during the second step 
(decomposition of the diamine complex) and the onset of evolution of both 
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ammonia (NH;)  and chlorine (CI +) occurred at the same temperature. Thus the 
decomposition of diamineplatinum(II) chloride does not lead to the formation of a 
stable PtC12 intermediate. 

Since chlorine was observed by monitoring the m/e 35 response (CI +), the actual 
chlorine containing specie or species may have been CI 2, HCI, and/or NH4C1. In 
fact, we cannot rule out the possibility that the ammonia response (m/e 17) was 
derived from NH4CI during the decomposition of the diamine complex especially 
since the vapor pressure of NH4CI approaches one atmosphere at approximately 
340 ~ . (We gratefully acknowledge the reviewer for this information.) 

Since the complex ultimately decomposes to metallic platinum, the reduction of 
Pt(II) to Pt(0) must be accompanied by either the oxidation of chloride to molecular 
chlorine or the oxidation of ammonia to molecular nitrogen and protons. The 
former mechanism would yield molecular chlorine while the latter would yield 
hydrogen chloride in addition to N 2. Paulik et al. [1], have proposed that the 
decomposition of the diamine complex yields molecular nitrogen and HC1 
according to: 

3(NH3)2PtC12 ---} 3Pt + N 2 + 4 N H  3 + 6HC1 (2) 

with the reduction of platinum being coupled to ammonia oxidation: 

3Pt 2+ + 6e- ~3Pt  (3) 

2NH3 ~N2 +6e-  +6H + (4) 

HCi is then formed by the reaction of protons and chloride. 
The alternative is: 

(NH3)2PtC12 --}Pt + 2NH 3 + CI 2 (5) 

with the reduction of platinum being coupled to chloride oxidation: 

Pt 2+ +2e-  ~ P t  (6) 

2CI - ~CI z + 2e- (7) 

While it is true that oxidation of ammonia is thermodynamically favored over 
oxidation of chioride ion, we could not be certain that the decomposition path was 
not kine:ically controlled. The mechanistic conclusions of Paulik et al., hinge on the 
observation that no iodine was released from an aqueous solution of KI and H2SO4 
upon passing the evolved gases from the thermal decomposition of (NH3)4PtCI z 
through the solution. Any molecular chlorine would have been reduced to chloride 
and the iodide oxidized to molecular iodine. Thus, they concluded that molecular 
nitrogen must have been produced by ammonia oxidation. However, no direct 
observation of molecular nitrogen was possible in their experiments since N z was 
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used in the purge gas. We became concerned that the gases evolved during TG 
experiments could further react at catalytically active metallic platinum sites; 
especially since poor mass transport conditions usually exist within TG sample 
holders. Two potentially interfering reactions are possible which could complicate 
interpretation of the origin of evolved gases. The first is the well known [2-7] Pt 
catalyzed decomposition of ammonia to molecular nitrogen and molecular 
hydrogen. The second is the combustion of molecular hydrogen and molecular 
chlorine to produce HCI. This reaction could have been initiated at metallic 
platinum sites within the decomposing sample. It is possible that Paulik et al., did 
not observe molecular chlorine because of its conversion to HC1. 

A direct observation of the evolved gases under conditions minimizing the 
passibility of secondary reactions was necessary to unequivocally identify the 
evolved gases. Direct insertion probe mass spectrometry is ideally suited for this 
since a very small sample is placed in the vacuum chamber within a centimeter of the 
ionizing section of the mass spectrometer. By heating the sample at a controlled rate 
we were able to identify the evolved gases instantaneously. 

Ammonia (m/e 17) was detected at a probe temperature of 250 ~ As the 
temperature increased the rate of ammonia production increased. No other evolved 
gases were detected from 250 ~ to 300 ~ which confirms that the first step in the 
decomposition is loss of two moles of ammonia per mole of tetraamine complex. At 
about 3 l0 ~ HCI and N 2 w e r e  detected directly, confirming the mechanism proposed 
by Paulik et al.; reduction of Pt(II) is coupled to oxidation of ammonia to molecular 
nitrogen and protons which combine with chloride to give HC1. 

Cis- and trans-(NH3)2PtC12 : The thermal decompositions of the cis and trans 
isomers were measured to determine the relative stability of the isomers and to 
determine if there was a preferred isomeric product in the first step of the 
decomposition of the tetraamine complex. 

The thermal decomposition of trans-diamineplatinum(II) chloride (Figure 3) 
occurred in a single step from about 340 ~ to 375 ~ 

The observed weight loss of 35.0% is in agreement with the theoretical value of 
35.0% calculated for decomposition to platinum metal. The onset of decom- 
position of the cis isomer occurred at a temperature 10-15 ~ lower than the trans 
isomer, which shows that the trans isomer is slightly more stable. Note that these 
results were measured with samples of nearly identical physical properties, i.e., 
sample size, particle size, etc., thus, the difference in decomposition temperature 
was indicative of a real difference in stability. 

Comparison of the DTA traces o f  cis- and trans-(NH3)EPtCI2 with the DTA 
trace of the second step in the decomposition of the tetraamine complex (Figure 4) 
reveals that the maximum in the DTA trace of the tetraamine complex falls between 
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the maxima for the two isomeric diamine complexes. Thus, the tetraamine 

decomposed to a mixture of  the cis and trans isomers. 

Summary 

The thermal decomposition of  tetraamineplatinum(II)  dichloride occurs in two 
endothermic steps: 

STEP 1 : (NH3)4PtCI2 ~(NH3)2PtCI  2 + 2NH 3 

STEP 2: (NH3)zPtCI 2 -~Pt + N 2 + 4NH 3 + 6HCI 

The first step occurs from 275 ~ to 315~ the second from 315 ~ to 370 ~ The diamine 
produced in the first step is a mixture of  the cis and trans isomers. Analysis of  the 
evolved gases by direct insertion probe mass spectrometry unequivocally 
established the gaseous products for Steps 1 and 2. 

The technical assistance of G. J. Dechert is gratefuUy acknowledged. 
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Zusammenfassung - -  Simultane Thermogravimetrie (TG), derivative Thermogravimetrie (DTG), 
Differentialthermoanalyse (DTA) und Analyse der entwickelten Gase (EGA) durch Massen- 
spektrometrie (MS) wurden zur Bestimmung des Reaktionsverlaufs bei Zers~tzung yon 
Tetraminplatin(ll)-chlorid sowie cis- und trans-Diaminplatin(II)-chlorid herangezogen. Die eindeutige 
Identifizierung der entwickelten Gase erfolgte durch Massenspektrometrie mit direkter 
Probeneinfiihrung. Die thermische Zersetzung von (NH~)4PtCI 2 erfolgt in zwei Schritten. Der erste ist 
die endotherme Abspaltung von zwei Mol Ammoniak unter Bildung eines Gemisches von cis- und trans- 
Diamin-platin(ll)-chlorid. Der zweite Schritt ist die Zersetzung des Diaminkomplexes zu metallischem 
Pt, H 2, HC1 und NH4CI. Die Reduktion von Pt(II) zu metallischem Pt ist mit der Oxydation von 
Ammoniak zu molekularem Stickstoff und Protonen gekoppelt. 
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Pe3mMe - -  CoaMeLttennble MeTOllbl TF-, ~TF- ,  ~TA- ,  ABF- n MaCE-ClIeKTpOMCTpHI, I 66121H 

ncno; ibaoBasu/ ins  onpeaeaeaaa  nyTefi p a 3 a o x e a a a  TeTpaaMnnOn.rlaTilHa(II)xaopHjia n ilHc- n TpaHc- 

~naMI4nOILrlaTnHa(II)xJIOpn~la. O,~tIO3HatIHaa 14,~eHTHdpHKalIHS auaeaa~omnxca raaoa 6bi~a npoBe- 

aeaa  npaMbiM Bse,aenaeM npo6b~ s Macc-cncsTpOMeTp. Tep'MHqeCICOe p a a a o x e a a e  (NH3)4PtC1 z 

npoTeraeT a ~IBe CTa,~nH. Flepaofi cTa~J4efi pa3aoxxenaa aaaaeTca 3H~OTCpMHSecxaa noTepa ~IByX 

MOae~ aMMHaxa C o6paaonanneM cMecn Imc- n Tpanc-(NH3)2PtCl z. BTopog CTaaHeg anaaeTCa 

paaao•enne anaMnaoaoro rOMnaerca ~1o MeTaaansecxofi naaTnnU, aaoTa, xaopacToro ao~lopo~la n 

xaopncToro aMMOHHa. BOCCTaaoaaenne llByxaadleHTHOfi rlaaTHnU ~1o MeTaaan4ecrofi conpoaoa~- 

aaeTca orncaenaeM aMMaaxa 4o Moaeryaapnoro aaoTa n npOTOnOS. 
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