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Tris(bipyridyl) ruthenium(ll) chloride and sulphate have been synthesized and investi- 
gated using thermal analysis. It follows from the experimental data that both compounds 
are heptahydrates stable at room temperature. 

The [Ru(bipy)3]2+ complex is stable up to 300 ~ irrespective of the nature of the anion 
bound with it. The final decomposition product of the chloride is metallic ruthenium, while 
that of the sulphate is ruthenium dioxide. 

Many research centres have recently been dealing with the direct conversion of solar 
energy into electricity [1], and with the methods of utilization of solar radiation for 
water photolysis [2, 3]. Photocatalysts in systems decomposing water under the in- 
fluence of solar radiation include bipyridyl-ruthenium(ll) complexes [4-6 ] .  Hydrogen 
liberated in this process may be utilized as an excellent fuel or as a raw material for 
chemical syntheses. 

The present work had the aim of the synthesis of crystalline hydrates of tris(bi- 
pyridyl) ruthenium(ll) chloride and sulphate, which are employed in studies on the 
production of hydrogen in the process of water photolysis. 

Tris(bipyridytl ruthenium(tt} chloride was synthesized [7] from hydrated ruthe- 
nium(l l l ,  IV) chlorides and oxychlorides and bipyridyl in boiling dimethylformamide 
medium. The compound obtained was purified by crystallization from water. Tris(bi- 
pyridyl) ruthenium(ll) sulphate was obtained [5] by passing an aqueous solution of 
[Ru(bipy)3]CI2 through a column packed with Dowex 1 X 4 anion-exchanger, 100-  
200 mesh, in sulphate form. After elution of the compound from the column, water 
was evaporated from the solution and the separated complex was crystallized from a 
water-ethanol mixture. 

It follows from the literature data that all attempts so far to determine the contents 
of crystallization water in [Ru(bipy)3]CI 2 and [Ru(bipy)3]SO4 have failed. Un- 
ambiguous conditions for its removal have not been given either. Data concerning 
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the stabilities of these complexes and their decomposition products have not 
been encountered in the literature dealing with this subject. It was reported that 
[Ru(bipy)3]CI2 may exist as a hexahydrate [5, 8, 9] or a pentahydrate [10, 11], 
undergoing decomposition at 150 ~ [12] or at 200 ~ in vacuo [8]. On the other hand, 
Braddock [7] does not mention crystallization in the [Ru(bipy)3]CI2 complex he 
synthesized. 

Tris(bipyridyl) ruthenium(ll) sulphate synthesized by Schilt [13] and dried over 
magnesium perchlorate contains two molecules of crystallization water, which is lost 
in the course of further drying over Mg(CIO4)2 at 196 ~ However, Kirch [5] does not 
report the content of crystallization water in [Ru(bip.y)3]SO4 obtained using his own 
method, describing its formula as [Ru(bipy)3]SO4 �9 x H20. 

Experimental 

Due to the lack of unambiguous data concerning the crystallization water content, 
the dehydration conditions and the stability, the complexes we obtained were studied 
by thermal analysis, a Hungarian derivatograph being used. 

Platinum crucibles, a sample weight of 200 rag, sensitivities of TG 50 rag, DTG 1/5 
and DTA 1/10, and a heating rate of 2 degree/min in air were used for the deter- 
mination of crystallization water content and dehydration conditions. The investiga- 
tions of the stabilities of the complexes and the thermal decompositions of the salts 
were carried out in corundum crucibles in air atmosphere, using weighed amounts of 
200 rag, a heating rate of 10 degree/rain and sensitivities of TG 200 mg, DTG 1/10 
and DTA 1/10. The thermal curves of the hydrated [Ru(bipy)3]CI2 complex are 
shown in Fig. 1. 

Results 

It follows from analysis of the TG and DTG curves that the complex chloride forms 
a heptahydrate stable under dry air conditions. On heating, it undergoes dehydration 
in two distinctly marked steps: 50-100 ~ (3 water molecules) and 120-180 ~ (4 water 
molecules). The dehydration is indicated by two sharp, symmetrical DTG peaks, 
with maxima at 70 and 150 ~ They are accompanied by similar endothermic DTA 
peaks. The anhydrous complex chloride is stable up to 300 ~ , exhibiting no thermal 
effects. Thermal decomposition of [Ru(bipy)3]CI2 begins above 300 ~ and proceeds 
in two steps, with the maximum of the DTG peak at 360 ~ associated with an endo- 
thermic effect (DTA). Rapid decomposition, combined with a strong exothermic 
DTA effect associated with combustion of the sample, begins at 440 ~ Combustion of 
the organic products of decomposition proceeds to 650 ~ and is accompanied by 
weight loss (TG curve) and respective DTG and exothermic (DTA) effects. The decom- 
position product is metallic ruthenium, which undergoes slight oxidation in air atmos- 
phere (weight gain in TG curve). 
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Fig. 1 TG, DTG and DTA curves of  [Ru(b ipy)3 ]CI  2 �9 7 H20  
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Fig. 2 TG, DTG and DTA curves of  [Ru(b ipy)3]SO 4 . 7 H20 
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Thermal curves of hydrated [Ru(bipy)3]SO 4 are shown in Fig. 2. It is a hepta- 

hydrate stable in air. On heating, it releases seven molecules of crystall ization water 

in one step from 60 to 180 ~ which is recorded as a broad asymmetric DTG peak w i th  

max imum at 160 ~ It is accompanied by a similar asymmetric DTA peak. The an- 

hydrous complex sulphate is stable up to 300 ~ , not exhibi t ing any thermal effects. 

Thermal decomposit ion associated wi th  an increasing exothermic effect (DTA curve) 

occurs above 300 ~ The maximum of the asymmetric DTG peak corresponding to the 

evolut ion of  volati le substances is observed at 410 ~ The maximum of the exothermic 
DTA effect due to the ignit ion of organic decomposit ion products lies at 440 ~ The 

slow combustion of solid decomposit ion products, accompanied by continuous 

weight loss in the TG curve and observed as a small continuous exothermic DTA effect 
and a respective DTG effect, occurs at temperatures above 500 ~ Under the experi- 
mental condit ions used, the thermal decomposit ion ends at 800 ~ . The product of 

thermal decomposit ion of the [Ru(bipy)3]SO 4 complex in air atmosphere is Ru02. 
As a result of  thermal analysis it can be concluded that the [Ru(bipy)3]  2+ complex 

is stable up to 300 ~ , irrespective of whether the chloride or sulphate anion is bonded 

wi th it. 
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Zuammenfa~ung -- Tris(bipyridyl) ruthenium(ll)-chlorid und -sulfat wurden synthetisiert und 
thermoanalytisch untersucht. Beide Verbindungen sind Heptahydrate und stabil bei Raumtem- 
peratur. Der [Ru(byp)3]2+-Komplex ist stabil bis 300 ~ unabh~ingig vonder Art des Anions. 
Endprodukt der Zersetzung des Chlorids ist metallisches Ruthenium, der des Sulfats dagegen 
R utheniumdioxid. 

PealoMe -- rlpoBe/~eHo TepMHHecKoe Hccne/loBaHHe CHHTe3HpOBaHHblX TpH (SHnHpH/]~4Jl) pyTeHH~ 
xnopHAHOFO 14 cyIII~aTHOFO KOMnrleKC8. 3KCIlepHMeHTaJlbHble pe3ynbTaTb! noKa3anH, 4TO o~a 
KOMrlneKca RBnRIOTCR renTarHApaTaMH, CTa6HnbHblMH npH KOMHaTHO~ TeMnepaType. KaTHOH 
RU!(6HnHpHAHN)~ +, He3eBHCHMO OT npHpOAbl eHHOHa, RBnReTCR cTaSH~IbHblM dO 300 ~ KOHeq- 
HblM npOAyKTOM pa3no>KeHHR XJrlopH/tHOrO KoMnneKc8 RBnReTCR MeTarlnHqecKH~ pyTeHH~, 
a cyrll~aTHoro -- ~ByOKHCb pyTeHHR. 
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