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Investigation of the mechanism of thermolysis of double complex salts ([MAL’n][MBL’’m]Xl) is of considerable practical interest, in particular, for the development of procedures for the preparation of supported catalysts. Compared to conventional methods for the preparation of bimetallic materials, the latter method allows one to prepare metallic phases at substantially lower temperatures. Due to the fact that precursors contain metal atoms in a stoichiometric ratio and these atoms are already "mixed" at molecular level, the problem of preparation of homogeneous materials of strictly specified compositions, which are located in phase diagrams in the immiscibility region, has been successfully solved in some cases.

Earlier [1], we have studied in detail thermolysis of the [Pd(NH3)4][IrCl6] salt. In these experiments, we measured X-ray diffraction patterns of samples, which were quenched from the equilibrium state, at room temperature and also in situ in a high-temperature X-ray chamber. The formation steps of the metastable solid solution Pd0.5Ir0.5 at temperatures, at which a two-phase mixture should be formed according to the phase diagram, were described.

The procedure for the synthesis of [Rh(NH3)5Cl][PtCl4] and the final thermolysis products of this compound under argon and helium have been decumented earlier [2]. In the present study, the mechanism of solid solution formation in the Pt—Rh system by thermolysis of this salt under hydrogen or helium, as well as in vacuo and in air, was examined in situ. In all cases, elimination of platinum metal was demonstrated to be the first step. However, further elimination of rhodium and the formation of the final product depend on the experimental conditions.

In the first step, we performed quenching experiments under an inert atmosphere. A weighed sample of the complex salt was heated in a quartz boat placed in a flow reactor under a stream of helium to the specified temperature and kept at this temperature. After cooling, the sample was weighed and the X-ray diffraction pattern was recorded at room temperature in air. Powder X-ray diffraction analysis of the precursor [Rh(NH3)5Cl][PtCl4] and its thermolysis products was carried out on a DRON diffractometer equipped with a SEIFERT-RM4 automated block (CuKα radiation). Phase composition evolution during thermolysis of [Rh(NH3)5Cl][PtCl4] under helium atmosphere is shown in the Fig. 1. A rise of the temperature and annealing under helium at 750 ºC for 1 h led to homogenization of the system. The lattice parameter of the fcc phase a = 3.868(2) Å is only slightly different from the parameter corresponding to a solid solution of composition 1 : 1 with a1:1 = 3.864(2) Å in Vegard's isotherm . Upon homogenization, the particle size of the powder increased (crystallite size was 180—250 Å).

The in situ experiments were carried out in a high-temperature chamber on an X-ray diffraction station using time-resolved synchrotron radiation (VEPP-3 ring storage in the G. I. Budker Institute of Nuclear Physics of the Siberian Branch of the Russian Academy of Sciences, 5b beamline) and an OD-3 one-coordinate detector. The detector  has 3328 channels and operates in the angle range of 30 deg. The synchrotron radiation wavelength λ = 1.504 Å. In the in situ study of the thermolysis process, X-ray diffraction patterns were recorded at 10 min intervals (exposure time was 1 min). 

Under an atmosphere of H2, as in the case of thermolysis under He, the anionic sphere [PtCl4]2– starts to decompose earlier than the cationic moiety [Rh(NH3)5Cl]2+ and platinum is the first to eliminate. However, the difference in reduction temperature of the metals in the anionic and cationic moieties of the complex under hydrogen is substantially smaller and rhodium metal starts to release virtually immediately after elimination of platinum (Fig. 2). The particle size of the solid solution formed at this temperature is 50 - 60 Å. Metal clusters of this size are virtually crystallite nuclei and have an excess free energy. Under these conditions, the rhodium atoms do not form an individual phase but are dissolved in the lattice of a platinum-based solid solution. During a further rise of the temperature, a gradual reduction of rhodium persists and solid solutions containing an increasingly higher percentage of this metal are formed. In the X-ray diffraction patterns, the positions of reflections of the fcc phase gradually shift to larger angles, whereas an increase in the lattice parameter with increasing temperature should lead to a slight shift of the peaks toward small angles. The process is completed in the temperature range of 320—360 ºC as the composition of the solid solution reaches 1 : 1. A further increase in the temperature lead not only to an increase in the crystal lattice parameter of the solid solution but also to an increase in the crystallite size to 250—350 Å. The unit cell parameter of the resulting solid solution measured at room temperature (a = 3.864(1) Å) exactly corresponds to the composition Pt0.50Rh0.50.
Therefore, study of thermolysis of the complex salt [Rh(NH3)5Cl][PtCl4] and the phase composition of the reduction products allow the conclusion that the formation of platinum—rhodium solid solutions and the formation of the final single-phase equiatomic solid solution occur through elimination of metal atoms. In spite of the fact that the platinum and rhodium ions in the starting precursor are "mixed" at atomic level, thermolysis does not lead to the formation of solid solution nuclei in the initial step of reduction of metals. The difference in thermal stability of the [PtCl4]2– and [Rh(NH3)5Cl]2+ complex ions plays the determining role in the mechanism of formation of thermolysis products, which is responsible for temperature-resolved reduction of each metal.
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