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Abstract 

The compounds [PdCI2L2] and [PdL4I (L = PPh3, AsPh3, SbPh3) were studied by thermogra- 
vimetric and differential thermal analyses in air. The residues of thermal decomposition consist 
of metallic palladium, except in the case of the complexes containing SbPh~, when the residues 
are palladium and antimony mixtures in appropriate proportions with respect to the stoichiome- 
try of the related complexes. 
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Introduction 

The complexes of bivalent and zerovalent palladium [PdCI2L2] and [PdL4] 
[L = PPh3 (triphenylphosphine), AsPh3 (triphenylarsine) or SbPh3 (triphenyl- 
stibine), apart from being precursors for the synthesis of organometallic com--~_ 
pounds [ 1-3] are used in homogeneous catalysis [4-6]. Not withstanding the 
importance of these compounds, they have merited little attention with respect 
to thermal analysis, except for the application of high-temperature microcal- 
orimetry for thermal decomposition studies on selected complexes with 
phosphines [7]. The present investigation reports the use of thermogravimetric 
analysis (TG) and differential thermal analysis (DTA) in air for study of the 
above-mentioned complexes. 

* Author to whom correspondence should be addressed. 

0368--4466/95/$ 4.00 

�9 1995 Akad~miai Kiad6, Budapest 
John Wiley & Sons, Limited 

Chichester 



904 BARBI#_.RI et al.: DECOMPOSITION OF PALLADIUM COMPLEXES 

Experimental 

The DTA curves in the range 25-900~ were obtained with the DTA RB-12 
equipment manufactured by BP Engenharia, Industria e Com6rcio Ltda, with 
two ovens and connected to an ECB X-T RB-102 recorder. The control was ct- 
alumina previously calcined at 1100~ which was also used to dilute samples 
up to 25% in mass. The rate of heating was 10.0 deg.min -1, with a recording 
speed of 15.0 cm-h-k 

TG curves, also in the range 25-900~ were plotted with the TGS-2 equip- 
ment from Perkin-Elmer. 4-8 mg samples were used, with a heating rate of 
10.0 deg.min -~ and a recording speed of 30.0 cm-h-k 

The infrared (IR) spectra of the complexes in the region 4000-200 cm -1 
were obtained with a Perkin-Elmer 567 spectrophotometer, using CsI pellets. 

The elementary analyses of carbon and hydrogen were carried out a CETEC 
(Fund~qao Centro Tecnol6gico de Minas Gerais - Technological Center Foun- 
dation of Minas Gerais) in Belo Horizonte - MG, Brazil, and at the Institute de 
Qufmica da USP (USP Institute of Chemistry) in S~o Paulo - SP, Brazil. 

The complexes [PdCI2L2] and [PdL4] were prepared from Na2[PdCI4] by 
methods described in the literature [8-11], and characterized through their IR 
spectra and by elementary analyses of carbon and hydrogen. 

Results and discussion 

Figures 1 and 2 depict DTA and TG curves for the investigated complexes 
and free ligands, respectively. Table 1 lists the temperatures observed in the 
DTA curves relating to the mass losses observed in the TG curves. 

Table I Temperatures of DTA peaks of the complexes and ligands 

Complexes Peak temperatures / ~ 

and ligands Exothermic Endothermic 

[PdC12(PPh3)2]  230-315-375-535 - 

[PdCI2(AsPh3)2]  227-347-413-487 250 

[PdCl2(SbPh3)2] 150-453-753 227 

[Pd(PPh3)4] 100-120-253-373-423 - 

[Pd(AsPh3)4l 210-290-370-453 -510 173 

[Pd(SbPh3)4] 173-450-793 220 

PPh3 290-500-560 80-395 

AsPh3 360-480-570-590 60 

SbPh3 170-280-350-510-530-755-780 55 
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Fig. 1 DTA curves of  the palladium compounds, diluted to 25% in alumina. Heating rate: 
10.0 deg.min -l ; (a) [PdCI2(PPh3)2], (b) IPdCI2(AsPh3)2], (e) [PdCl2(SbPh3)2], (d) 
[Pd(PPh3)4], (e) [Pd(AsPh3)4] (f) [Pd(SbPh3)4l, (g) PPh3, (h) AsPh3, (i) SbPh3 

The relative thermal stabilities of the complexes may be established by com- 
parison of the initial decomposition temperatures displayed in Table 2. The bi- 
valent complexes [PdCI2L2] are more stable than the zerovalent complexes 
[PdL4]. The series of relative thermal stability are as follows: 

[PdCI2(PPh3)2] > [PdCI2(AsPh3)2] > [PdCI2(SbPh3)2] 

[Pd(AsPh3)4] > [Pd(SbPh3)4] > [Pd(PPh3)4] 

The disorder observed with respect to [Pd(PPh3)4] may be attributed to the 
fact that this compound, even in the solid state, is chemically unstable in air, 
undergoing decomposition in a few hours. The process involved in its thermal 
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decomposition is probably not simple but involves formation of the carbonato 
complex and oxidation of the ligand to the phosphine oxide. This may be de- 
duced from IR spectra traced during 2-3 h on a sample of [Pd(PPh3)4] kept in 
air. Gradually, a strong and broad band is observed at 1680 cm -1 which is at- 
tributed to the stretching of coordinated carbonyl [12-14], and another strong 
band, centred at 1190 cm -1, is formed [15], which can be attributed to the P-O 
stretching of triphenylphosphine oxide. The process of decomposition of 
[Pd(PPh3)4] in air is accelerated at temperatures higher than environmental, as 
demonstrated by the TG and DTA curves for the compound. At approximately 
70~ the complex [Pd(PPh3)4] undergos a slight increase in mass (curve d, 
Fig. 2) in an exothermic process that proceeds in two steps, corresponding to 
the peaks at 100 and 120~ in the corresponding DTA curve (curve d, Fig. 1). 

Analysis of the 17(3 curves of the complexes suggests that, for the two series 
of compounds investigated, the rate of thermal decomposition increases in the 
sequence PPh3 < AsPh3 < SbPh3, the slopes of the curves increasing in that 
sequence. An inverse tendency is observed for the final temperature of the pro- 
cesses of thermal decomposition, as indicated in Table 2. 

: ~ : ~ L 6 - 4 3 0  mg 
/ \ - -  7.070 mg 

0.980 mg 

0.950 mg 

40 mg c ~ 2.960 mg 
240 mg 

.840 mg 
d _ 0.560 mg 

" ~ 6 . 0 0 0  mg 3"090 m ' ~  " - " . . . .  g 
~], ~7.420 me, / 0  mg 

:~ _..L___L ~ h /  i / 0  mg 

20( 400 600 800 

Temperature / ~ 

Fig. 2 TG curves of the palladium compounds. Heating rate: 10.0 deg.min -I 
(a) [PdC12(PPh3)2I, (b) [PdC12(AsPh3)2I, (c) [PdC12(SbPh3)2I, (d) IPd(PPh3)4, 
(e) [Pd(AsPh3)4l, (f) [Pd(SbPh3)4], (g) PPh3, (h) AsPh3, (i) SbPh3 
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Table 2 Initial and f'mal temperatures of the thermodecomposition processes of the complexes 

Complexes 
Temperature / ~ 

InRial Final 

[PdCI2(PPh3)2 250 550 

[PdC12(AsPh3)2] 200 500 

[PdC12(SbPh3)2] 140 190 

[Pd(PPh3)4] 50 700 

[Pd(AsPh3)4] 140 400 

[Pd(SbPh3)4] 160 300 

As concerns the mechanisms of thermal decomposition of the complexes 
[PdCI2(PPh3)2], [PdCI2(AsPh3)2], [Pd(PPh3)4] and [Pd(AsPh3)4], the TG curves 
(curves a, b, d and e, respectively, Fig. 2) indicate that they are similar, regard- 
less of the presence of coordinated chlorine. The thermal decomposition occurs 
in one step, the metal being formed. During the process of thermal decomposi- 
tion, evolution of free ligand is observed. This may be verified by slowly heat- 
ing each of the complexes in a test-tube. A white material sublimes onto the 
upper portion of the tube. Determination of the melting point identifies this as 
triphenylphosphine or triphenylarsine, as the case may be. 

With respect to [PdCI2(SbPh3)2] and [Pd(SbPh3)4], the thermal decomposi- 
tion appears to occur in two consecutive steps, the second step being more de- 
fined for the zerovalent complex. For both compounds, the final product 
consists of palladium and antimony. Dissolution of the final product of each 
complex in hot concentrated nitric and hydrochloric acids (aqua regia), evapo- 
ration of the solution and its separation into two aliquots was followed by quali- 
tative tests for the identification of antimony. Through one of the aliquots, 
hydrogen sulphide gas was passed, resulting in an orange-red precipitate of an- 
timony pentasulphide. To the other aliquot, a large volume of water was added, 
resulting in the formation of a white precipitate of basic salts of antimony with 
diverse compositions [ 16]. 

Table 3 contains data relating to the initial masses of the palladium com- 
plexes subjected to TG and the final masses of the residues obtained after de- 
composition. For the compounds with PPh3 and AsPh3, the quantities of the 
residues are in agreement with the palladium content expected for these com- 
plexes. In the cases of [PdCI2(SbPh3)2] and [Pd(SbPh3)4], the quantities of the 
residues correspond to the stoichiometric composition Pd+2Sb and Pd+4Sb, 
respectively. 

Table 2 reveals, that the final temperatures of thermal decomposition for the 
complexes [PdCI2(SbPh3)2] and [Pd(SbPh3)4] are 190 and 300~ respectively. 
Each of these compounds, however, presents two exothermic peaks in the DTA 
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curves, at 453 and 753~ for the former, and at 450 and 793~ for the latter. 
These peaks may be attributed to phase transitions and variations of the compo- 
sition of the metallic alloys formed by palladium and antimony [17], which 
comprise the residues of thermal decomposition of the compounds. 

T a b l e  3 Thermogravimetric data for the complexes and ligands studied 

Complexes Initial Final mass/mg Theoretical/ % Pd /% 

and ligands mass/mg (% residue) (residue) (theoretical %) 

[PdCl2(PPh3)2] 6.430 0.980(15.24) 

[PdCh(AsPh3)2] 7.070 0.950(13.44) 

[PdCI2(SbPh3)2I 7.480 2.960(39.57) 

[Pd(PPh3)4l 6.040 0.560(9.27) 

[Pd(AsPh3)4] 4.240 0.340(8.02) 

[Pd(SbPh3)4] 7.840 3.090(39.41) 

PPh3 5.300 0 

AsPh3 6.000 0 

SbPh3 7.420 0 

15.16(Pd) 15.24(15.16) 

13.47(Pd) 13.44(13.47) 

39.61(Pd+2Sb) 12.03(12.04) 

9.21(Pd) 9.27(9.21) 

7.99(Pd) 8.02(7.99) 

39.07(Pd +4Sb) 7.01(7.01) 

Figures 1 and 2, g, h and i present DTA and TG curves of the free ligands 
PPh3, AsPh3 and SbPh3, respectively. The DTA curves contain endothermic 
peaks at 80, 60 and 55~ corresponding to the respective melting points. Lit- 
erature data give melting ranges of 79-8 I~ for PPh3, 60-62~ for AsPh3 and 
52-54~ for SbPh3 [18]. The TG curves indicate a total loss of mass, no residue 
being observed. On gentle heating of the free ligands in a test-tube, it was pos- 
sible to detect the sublimation of these ligands, without apparent decomposi- 
tion. 

. :r :r 
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Zusammenfassung - -  Mittels TG und DTA in Luft wurden die Verbindungen [PdCI2L2] und 
[PdL4] (L = PPh3, AsPh3, SbPh3) untersueht. Die R/Jckst/inde der thermischen Zersetzung be- 
stehen aus metallisehem Palladium, mit Ausnahme des Falles der Komplexe mit SbPh3, wo die 
R/ickst~nde Gemische aus Palladium und Antimon in r der St/Schiometrie der fraglichen 
Komplexe entsprechenden Menge sind. 
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