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Tris(bipyridyl) ruthenium{il) chioride and sulphate have been synthesized and investi-
gated using thermal analysis. It foliows from the experimental data that both compounds
are heptahydrates stable at rcom temperature.

The [Rulbipy)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{i!} 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(il} chloride and sulphate, which are employed in studies on the
production of hydrogen in the process of water photolysis.

Tris(bipyridyl) ruthenium(lt) chioride was synthesized [7] from hydrated ruthe-
nium(ll1, 1V) chlorides and oxychlorides and bipyridy! 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]Cla 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 crystaliized from a
water—ethanol mixture.

It foliows from the literature data that all attempts so far to determine the contents
of crystallization water in [Rulbipy)3]Clo and [Rulbipy)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
[Rulbipy)3]Cl, 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]Cla 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{ClO4)2 at 196°. However, Kirch [6] does not
report the content of crystallization water in [Ru(bipy)3]SO4 obtained using his own
method, describing its formula as [ Ru(bipy)3]S04 * 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 mg, sensitivities of TG 50 mg, 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 mg, a heating rate of 10 degree/ min and sensitivities of TG 200 mg, DTG 1/10
and DTA 1/10. The thermal curves of the hydrated [Ru(bipy)3]Cly; complex are
shown in Fig. 1.

Results

It follows from analysis of the TG and DTG curves that the complex chioride 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 chiloride is stable up to 300°, exhibiting no thermal
effects. Thermal decomposition of [Ru(bipy)3]Clz 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 [Rutbipy}3]Cly + 7 H,0
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Fig. 2 TG, DTG and DTA curves of [Rulbipy}3]SOg4 + 7 H30
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Thermal curves of hydrated [Rulbipy)3]SO4 are shown in Fig. 2. It is a hepta-
hydrate stable in air. On heating, it releases seven molecules of crystallization water
in one step from 60 to 180°, which is recorded as a broad asymmetric DTG peak with
maximum at 160°. It is accompanied by a similar asymmetric DTA peak. The an-
hydrous complex sulphate is stable up to 300°, not exhibiting any thermal effects.
Thermal decomposition associated with an increasing exothermic effect (DTA curve)
occurs above 300°. The maximum of the asymmetric DTG peak corresponding to the
evolution of volatile substances is observed at 410°. The maximum of the exothermic
DTA effect due to the ignition of organic decomposition products lies at 440°. The
slow combustion of solid decomposition 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 conditions used, the thermal decomposition ends at 800°. The product of
thermal decomposition of the [Rulbipy)3]S04 complex in air atmosphere is RuO5.

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
with it.
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Zusammenfassung — Tris(bipyridyl) ruthenium(li)-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 °C, unabhingig von der Art des Anions.
Endprodukt der Zersetzung des Chlorids ist metallisches Ruthenium, der des Sulfats dagegen
Rutheniumdioxid.

Pesiome — MpoBEAEHO TEPMWYECKOE UCCNEAOBAHNE CUHTE3MPOBaHHLIX Tpu (6unupnann) pyTenuit
XAOPUAHOTO K CYNbaTHOrO KoMnnekca. JKCNepuMeHTanbHbIe pesynbTaTthl NOKasanu, 4To o6a
KOMMneKca ABMAIOTCA rentaruapatamu, cTabuntHbIMM Npu KOMHaTHOW Temnepartype. KatuoH
Ru‘(ﬁunupup.un)%‘*‘, HE33BHUCMMO OT NPUPOALI aHWUOHA, ABRRAETCA CTaGuNbHbIM no 300°. KoHeu-
HbIM MPOAYKTOM pa3nNOXeHWA XNOPUAHOTO KOMIMeKca ABMAETCA MEeTannuyecknii pyTeHui,
a cynsaTHOro — ABYOKMUCH Py TeHUA.
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