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PREPARATION AND THERMAL D E C O M P O S I T I O N  
O F  HALOGENOMETALLATES 

II. Tetrachlorometallates of  tris (2,2'-dipyridyl) ruthenium(II)  
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Five new derivatives of general formula [Ru(dipy)a]MCl4, where M = Cu(II), Zn(II), 
Mn(II), Fe(II) and Co(II), and [Ru(dipy)a][FeCl4] 2 were synthesized, and their compositions 
and structures were confirmed by chemical analysis and electron absorptioniispectroscopy. The 
thermal decompositions of the compounds were studied by thermoanalytical methods. All these 
complexes decompose upon heating up to 1300 K, with simultaneous loss of organic fragments 
and structures were confirmed by chemical analysis and electron absorption spectroscopy.The 
exothermic effects. The residues after heating correspond to RuO2 and the appropriate M oxides, 
contaminated in some cases by pure metal. 

Numerous [Ru(dipy)3] z+ complexes (where dipy = 2,2'-dipyridyl) have been 
investigated intensively during the past decade, due to their interesting photochem- 
ical properties [1-5]. The reason for such widespread interest in these derivatives is 
the fact that they can be utilized, at least as model substances, in cyclic systems for 
the conversion and storage of solar energy in chemical energy. Other interesting 
applications of [Ru(dipy)3] 2§ derivatives result from the possibility of their use as 
heterogeneous photosensitizers, e.g. in the preparation of singlet oxygen [6]. 

The special properties of  various [Ru(dipy)3] 2+ compounds have been 
intensively studied in the past (see e.g. [7] and [8] and references cited therein). 
However, only few efforts have been undertaken to examine the thermal behaviour 
of these derivatives [9, 10], including our own preliminary investigations [11, 12]. A 
knowledge of the thermal stabilities of [Ru(dipy)3]z+ complexes is essential, since 
this determines the possibility of their application for the above-mentioned 
purposes. On the other hand, these studies should help to reveal the general 
properties of halogen0metallates of complex cations. 

In this communication, the synthesis and thermal behaviour of several complexes 
[Ru(dipy)3](MCl4] n (where M -- Cu(II), Zn(II), Fe(II), Mn(II), and Co(II) ifn = 1; 
and M = Fe(III) if n = 2) are reported. 
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962 BUJEWSKI et al. : PREPARATION A N D  T H E R M A L  DECOMPOSITION 

Experimental 

All chemicals used for syntheses were of analar grade. [Ru(dipy)3]Cl 2 �9 nH20 was 
prepared by a method described elsewhere [11, 12]. All complexes, with the 
exception of [Ru(dipy)3][FeCl4j 2, were synthesized by mixing stoichiometric 
amounts of [Ru(dipy)3]Clz'nH20 and the appropriate MCI z .nH20,  both 
dissolved in EtOH. The resulting precipitates were separated by filtration, 
thoroughly washed with EtOH and dried in air at room temperature. 

[Ru(dipy)3] (FeC14]2 was prepared analogously, but water acidified with HCI was 
used as a medium. 

Thermal analyses were carried out on an OD-103 derivatograph. The C, H, N 
analyses were performed on a Carlo Erba Elemental Analyzer model 1106. The 
amounts of C1 and M were assayed gravimetrically by standard procedures, and Ru 
was determined spectrophotometrically. The solid products of thermal decom- 
position were subjected to X-ray phase analysis using a DRON-2 diffractometer 
with Cu-K,  radiation. The electron absorption spectra were recorded on a 
Spekol-10 (Carl Zeiss, Jena) spectrophotometer. 

Results and discussion 

The compounds synthesized in this work have not previously been reported. In 
order to confirm their structures, elemental analyses were carried out, which fully 
proved the expected compositions (Table 1). The visible absorption spectra for all 

Table 1 Elemental analyses of [Ru(dipy) 3 [MCI4k complexes 

Compound Found (and calculated), % 

rn n C N H - CI Ru M 

Cu(II) 1 46.4 I 1.1 3.2 18,2 l 2.6 8.5 
(46.4) (10.8) (3.1) (18.3) (13,0) (8.2) 

Zn(II) 1 46.2 10.5 3.1 18.4 13.2 8.6 
(46.4) (10.8) (3~1) (18,3) (13.0) (8.4) 

Fe(lI) 1 46.1 [ 0.6 3. t 18.8 12.9 7.0 
(47.0) (12.0) (3.1) (18.5) (13.2) (7.3) 

Fe(IIl) 2 37.8 8.6 2.5 29~2 10.5 11.4 
(37.3) (8.7) (2.5) (29.4) (10.5) (1.1.5) 

Mn(II)~ 1 46.9 10.6 32 18.5 12.9 7.1 
[47.0) (11.0) (3,2) H8.5) (13.2) (7.0) 

Co(II) 1 46.8 10.6 3.3 !8.3 13.3 7.4 
(46.8) (I ff_',)) (3oi) (!8.41 1.13.1) (7.7) 

J, Thermal Anal, 33, 1988 
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Fig. 1 Thermal  analyses of  [Ru(dipy)3][FeC1,] 2. A -  mass  of  sample = 50 mg, B - m a s s  of  

sample = 200 mg (for experimental details see Table 1) 

compounds studied exhibit one band at ca. 450 nm. This band can be ascribed to 
the LMCT transition and it indicates the presence of the Ru-N bond in the 
molecules of these complexes [13]. 

An example of the results of thermoanalyticai investigations in air is shown in 
Fig. 1. Data regarding the thermal behaviour of all the compounds are compiled in 
Table 2. These data reveal some general regularities. All the compounds exhibit a 
multistep thermal decomposition pattern. The temperatures of the onset of 
decomposition fall in the region 54ff4i90 K and they depend strongly on the 
experimental conditions (mass of sample, heating rate, and so on). Decomposition 
of the compounds is accompanied by strong exothermic effects. Only in the case of 
the complex with Cu(II) is a weak endothermic observed at the very beginning of 
the thermal process. Another characteristic feature is that heating of the 
compounds at constant rate causes a gradual decrease in the mass of the samples, 
but no distinct steps can be seen in either the TG or the DTG curves. The 
thermogravimetric curves of some of the compounds also indic, ate the occurrence of 
processes causing an increase in the mass of samples. The residues after heating up 
to 1300 K correspond to RuO2 and the appropriate M oxides (Fe20 3 in the case of 
the Fe complexes), contaminated in some cases by pure metal. These facts imply 
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that the entire chlorine present in the compounds is released during their thermal 
degradation. 

From this information, the following picture of the thermal degradation 
pathways can be outlined. The compounds start to decompose once the 
temperature reaches a threshold value characteristic of a given compound. Since the 
compounds containing MC14 are unstable, it is probable that the primary 
decoml~osition step is accompanied by the destruction of the original crystal 
structure and the formation of [Ru(dipy)3]C12 and MC12. It is characteristic 
however, that the thermal decomposition proceeds with the release of heat from the 
very beginning. This information is, of course, insufficient to allow any final 
conclusion. Nevertheless, it may be noted that such an effect would occur if the 
compounds studied were thermodynamically unstable. The temperatures of onset 
of decomposition of all the compounds studied in this work, as well as that of 
[Ru(dipy)3]C12 -nH20 [11], are fairly high. This indicates that the R u N  bond in 
[Ru(dipy)3] 2+ is relatively strong. Therefore, it is not very likely that all the ligand 
molecules are released in unchanged form during heating. Rather, some of them are 
transformed to a non-volatile polymeric char, with the simultaneous release of 
simple volatile productg. At higher temperatures, processes leading to the release of 
chlorine must proceed in parallel with those described above. Under the given 
experimental conditions, chlorine can act as a strong oxidizing agent, causing the 
chlorination of organic fragments. This process is predominantly responsible for 
the occurrence of strong exothermic effects at higher temperatures. It is worthwhile 
to mention that both the decomposition of [Ru(dipy)3] 2§ and the destruction of 
MCI 2 or RuC12 to form chlorine and the appropriate metals can be expected to be 
highly endothermic processes. The decomposition in air is completed by the partial 
oxidation of the metals, leading to the appropriate oxides. Oxidation of the organic 
residue may also occur under these conditions. 

The temperatures of the onset of decomposition in the series [Ru(dipy)3] [MCI4] 
increase in the sequence: 

Cu(II) < Fe(II) < Co(II) < Zn(II) < Mn(II) 

All these derivatives contain the same cation. The size of the anion may be expected 
to be proportional to the size of the central atom in [MCI4] 2-. These are as follows: 

C o  2+ < C u  z+ < F e  2+ < Z n  z+ <Mn 2+ 

According to the Kapustinskii-Yatsimirskii equation [14], the crystal lattice energy 
is inversely proportional to the size of the ions forming a given crystal structure. 
Therefore, with the above assumptions, the trend of the temperatures onset of 
decomposition does not correlate with the expected crystal lattice energies. 

J. Thermal Anal. 33, 1988 
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Zusammenfassmg - -  Fiinf neue Komplexverbindungen des Typs [Ru(dipy)a](M~14] (dipy = 2,2'- 
Dipyridyl; M = Cu, Zn, Mn, Fe, Co) sowie [Ru(dipy3](FeCl4]2 wurden dargestellt und ihre 
Zusammensetzung und Struktur durch chemische Analyse und Elektronenspektroskopie bestiitigt. Ihre 
thermische Zersetzung wurde durch simultane TG-DTA untersucht. Aile Komplexverbindungen 
zersetzen sich beim Erhitzen bis auf 1300 K unter gleichzeltigem Verlust der organischen Komponente 
und des C1 an die Gasphase. Der thermische Abbau ist von siarken exothermen Effekten begleitet. Die 
Rfickst/inde nach dem Erhitzen enthalten RuO2 und das jeweilige Metalloxid, in einigen F/illen durch 
Metall verunreinigt. 

Pe31oMe - -  CHHTe3HpOBaHbl rIJlTb rlOablX HpoH3BO~IHI,IX o6tueg dpopMy.rlhl [Ru(dipy)3]MCl 4, r~le 
M = ~layxna.rlerlTHbie Meal,, HHHK, MapraHera, xe~e3o H EOfaJabT, a Taxxe COe/IHHeHHe COCTaea 
[Ru(dipy)3][FeCl4] 2. COCTalI H CTpOeHHe coe/IHHCHHH 6IdYl HO~TBepTz~eH XHMHqeCKItM aHa.rlH30M H 

3.11eKTpOHHI~I/VIH cneETpaM, HOF.rlOIIIeHH~i, a TepMHtlecKoe pa3.rloxeHHe KOMIUIeKCOB 6hlYlO H3yqerlo 
TepMOaHa.rlHTHqeCK.tlMH MeTo~aMH. Bee KOMILrIeKCbI pa3ylaFaloTC~l ilpll TeMnepaTypax 210 1300 K e 
O~HOBpCMeHHOfi IlOTepefi ra300fpa3HslX opFaHHqeCKHX ~parMeHTOn H x~opa. Tepr~MqecKoe pa3- 
JIOXeHHe Bcer~a coHpono~aeTcJl CHJIbHIdMH 3K3oTepMHqeCKHMH 3([KI~eKTaMlt. KOHeqHMMH IIpo- 
~yKTaMH pa30~KeHH~l ~IB]IBJIHCb ~IByOl~HCb pyTeHH~l H OKltCb COOTBCTCTBylon~eFO MeTSJUIa, co~epx~a- 
IIIHX B HeKOTOpbIX c~yqa~x qHCTble MeTa~Ibl.  

.L Thermal Anal. 33, 1988 


