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STUDIES ON 

THE COMPLEXES OF RUTHENIUM(III) AND RUTHENIUM(II) WITH 

DIMETHYLSULPHOXIDE 

AND SOME MONODENTATE AND BIDENTATE LIGANDS 

ABSTRACT 

The thesis describes the results of investigations involving 

the synthesis, characterization and structural assessments of some 

ruthenium(III) and ruthenium(II) complexes containing dimethyl­

sulphoxide and some monodentate or bidentate ligands. The contents 

of the thesis have been distributed over seven chapters. 

Chapter I, gives a brief introduction pertaining to the work 

described in the thesis. It describes, in general, the rapid growth 

and diversification of interest in the study of the chemistry of 

ruthenium and in particular, emphasizes the interest in the chemistry 

of the metal in oxidation states III and II. Need for more studies 

in rutheniurn(III) chemistry is also highlighted. The importance of 

synthesis and study of ruthenium(III) and ruthenium(II) complexes 

containing a weak donor ligand, ~· dimethylsulphoxide has been 

emphasized. The ambidentate nature of dimethylsulphoxide has been 

explained and possibility of formation of either S-bonded or 
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0-bonded complexes with ruthenium(III) and ruthenium{II) has been 

explored in terms of HSAB principle. A brief review of the literature 

of reported compounds of ruthenium(III) and ruthenium(II) containing 

Me 2so (Me 2so = dimethylsulphoxide) and/or halides, and their chemical 

and physical properties has been made. Need to make use of ruthenium 

triiodide as the source material, for the synthesis of iodide 

containing ruthenium{III) and ruthenium(II) complexes has been 

voiced and justified. In this chapter, the scope of the work on the 

chosen aspects of ruthenium(III) and rutheniurn(II) chemistry has 

been projected. 

The new results described in Chapters II to VII have been 

prefaced with a brief introduction. In Chapter II, the synthesis 

and characterization of complexes of ruthenium(III) with dimethyl­

sulphoxide, having compositions, ~Ru2c16 (Me 2so) 4_7!, two linkage 

isomers,~·~ ~RuC13 (Me 2so) 3_7l and~ ~RuC13 (Me 2so) 3_7~ 
are discussed. Compound ! is synthesized by a reaction of commercial 

ruthenium-trichloride with dimethylsulphoxide, whereas compounds 2 

and 3 by reactions of commercial ruthenium trichloride with dimethyl-

sulphoxide in the presence of conc.HCl. With the help of IR spectra, 

the mode of coordination of Me2so molecules in these complexes has 

been assigned. The dirneric compound, ~Ru2cl6 (Me2so) 4_71, and 

~ ~RuC13 (Me 2so) 3_7~ have both sulphur and oxygen bonded Me 2so 

groups, whereas the fac ~Ruc13 (Me2so) 3_71 has all S-bonded Me2so 
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molecules. Compound 11 seems to have ch1oro-bridges and weak 

Rutheniurn(III) ---- Ruthenium(III) interaction. Magnetic moment 

values (1.6 - 1.9 BM) of compounds ~ and 1 justify that the metal 

ion is a low-spin d5 , Ruthenium(III) system. A low value of magnetic 

moment (1.1 BM per ruthenium atom) for the compound 1 at room 

temperature is explained due to weak antiferromagnetic interaction 

of two ruthenium{III) ions, through the bridging chlorides. With 

the help of EPR spectra in powder f0rm at room temperature and in 

frozen solution at liquid nitrogen temperature and far IR spectra, 

structural assignments as above, for the compounds £, ~ and ~ have 

been made. A ruthenium(III) compound~· L-RuC13 {Me2so) 3_7 reported 

by Antonov et a11, on reinvestigation is found to be same as 

The potentiality of the compounds 1, £ and ~ (the synthesis 

and characterization of which are described in Chapter II) as 

precursors for the synthesis of rutheniurn(III) complexes is discussed 

in Chapter III. The above compounds are reacted with some represen-

tative mono- and bidentate ligands containing various donor sites, 

~· N, P, As, 0 and S atoms. These reactions resulted in the partial 

or complete substitution of Me2so molecules in 1, ~ or ~, depending 

on the reaction conditions and nature of the incoming ligands. Ligands 

having s, P or As donor sites and chelates having N and S donors 

1. 
P.G. Antonov, Y.N. Kukushkin, V.I. Konnov and B.I. Ionin, 

Russ. J. Inorg. Chern., 1978, 23, 441 
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result in complete substitution of Me2so molecules, whereas N and 0 

donor ligands generally give partially stibstituted complexes. In 

general, complete substitution of coordinated Me2so molecules take 

place, either when the incoming ligand is stronger coordinating than 

Me2so or when the·reaction is carried out at a higher temperature 

(60°C) ligands, such as PPh3 , AsPh3, cs2 or Et2Ncs 2Na result in the 

completely sUbstituted products. Compounds containing one or two 

Me2so molecules are generally obtained when nitrogen or oxygen donor 

ligands, ~· py, bipy, phen, acac, CH3CN or PDA (PDA = o-phenylene­

diamine) are treated with c0mpounds 1, £ or 3 at room temperature 

condition. However, in some cases, such cornpo~nds are obtained even 

at higher temperature ( ~ 60°C). New compounds, thus prepared. and 

characterized are ~Rucl3L2 (Me2so)_7 {L =pyridine or acetonitrile; 

L2 = 1,10-phenanthroline or 2,2 1-bipyridyl) and ~RuC12 (acac) (Me 2so~. 
All the compounds thus obtained are characterized by the elemental 

analysis and different physical methods, viz. IR, 1H NMR, EPR and 

UV-VIS spectra. In the new compounds described above, Me2so is 

coordinated to the metal through sulphur only (irrespective of 

starting compounds, either only S-bonded or containing both s- and 

0-bonded Me2so groups. Generally all the compounds are six coordinated 

with a considerable lowering of symmetry from Oh due to the presence 

of different type of (mono or bidentate) ligands and different 

donor sites in a complex. 
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Studies on the complexes of ruthenium(III) or ruthenium(II) 

containing bromide and other ligands are relatively much less compared 

to similar systems eontaining chloride as one of the ligands. In 

Chapter IV, at first a brief review on the reported synthesis of 

ruthenium(III) and ruthenium(II) complexes containing bromide and 

other ligands is presented. Further, synthesis and characterization 

of two novel complexes, lli• L-RuBr3 (Me2so) 3_/ and L-RuBr2 (Me 2so> 3J 
are described. LRuBr3 (Me2so) 3.J is the first example of a compound 

of ruthenium(IIl) or ruthenium(II) containing halides and all (three) 

0-bonded Me2so molecules. 2 ~RuBr3 (Me 2so) 3_/ has been used as 

precursor for the synthesis of many ruthenium(III) compounds containing 

bromide and other ligands having donor sites, Yi!• N, P, As, 0 and s. 

Reactions of L-RuBr3 (Me2so) 3_7 with such ligands led to a partial 

or complete substitution of Me2so molecules depending on the reaction 

condition, and the nature of ligands. Some of the new compounds thus 

synthesized and characterized are, ~RuBr2 (cs 2 ) (PP.h3 ) 3_7Br, 

LRuBr2 (Et2Ncs 2) (Me
2
so) 2J, L RuBr2 (PDA) (Me2so) 2J, 

L-RuBr2 (PDA) 2 (Me 2so) 2_7Br, L-RuBr3 (py) 3_7 and ~RuBr3 L2 (Me2so)_7 
(L = py, Me-py; L2 = bipy) • Compounds having P or As donor site or 

N, S chelate and Me2so group/groups have S-bonded Me2so wheras 

compounds containing N donor site, viz. py, Me-py or bipy and Me2so 

group have 0-bonded Me2so. 

2•A compound reported by Antonov et al1 having composition 

~Ruc13 (Me2so> 3J and only S-bonded Me2so groups, upen 

reinvestigation is found to have the composition LRu2cl6 CMe2so> 4J 
and both 0- and S-bonded Me2so molecules. 
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~RuBr2 CMe2so) 3_/ has been characterized to have all 

S-bonded Me2so molecules and tentatively it has been assigned to 

have a trigonal bipyramidal geometry with Me2so molecules in the 

trigonal plane. Some preliminary reactions have been carried out 

to examine the potentiality of L-RuBr2 CMe2so) 3_7, as precursor for 

the synthesis of ruthenium(II) bromo complexes. Reactions of 

L-RuBr2 (Me2S0) 3_/ with strong donor ligand~ viz. PPb3 or AsPh3 result 

in products which have no coordinated Me2so molecules. Nitrogen donor 

ligands, such as py, bipy, phen result in partially substituted 

compounds at mild reaction condition and completely substituted 

compounds under stronger reaction conditions. Compounds thus 

synthesized are, ~RuBr2 (py) 2 {Me2so) 2_/, L-RuBr2 (py) 4_7, 

LRuBr2 (L-L) (Me2so> 2J and L-RuBr2 (L-L) 2J (L-L = bipy, phen). 

Compounds containing bromide, ~~2so and the amines have been 

characterized to have S-bonded Me2so molecules, similar to their 

precursor, ~· ~RuBr2 (Me2so> 3J. The new ruthenium(II) complex, 

L-RuBr2 <Me2so> 3J could be used as precursor for the synthesis of 

many other ruthenium(II) bromo compounds and a molecular oxygen 

oxidative catalyst like C'RuBr2 (Me2so> 4J. 
Not many ruthenium (III) and ruthenium (II) iodo compounds 

are synthesized compared to their chloro analogues. In Chapter v, 
firstly a brief review on the reported synthesis of ruthenium(III) 

and ruthenium(II) complexes containing iodide and other ligands is 

presented. Synthesis of ruthenium triiodide is described by a little 
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modification of earlier methods. It is insoluble in non-coordinating 

organic solvents. Ruthenium triiodide, thus synthesized has been 

used as precursor for the synthesis of ruthenium(II) compounds, 

~· ~Rui2L4~ (L ~ Me2So, py or CH3CN), ~Rui2 (CS) (PPh3 ) 3~ and 

L-Rui2 (PPh3) 2 Cca3cN) 2_7. The synthesis is achieved by dissolving Rui3 

in a coordinating solvent like Me2so, py or CH3CN. Above mentioned 

complexes are characterized as mentioned earlier for other compounds. 

~Rui2 CMe2so) 4~ is characterized to have all Me2so mo~ecules bonded 

to the metal through the sulphur atom. ~Rui2 CMe2so) 4~ and 

~Rui2 CCH3cN) 4~ are used as source materials for the synthesis of 

other complexes containing iodide ligands. The complexes, thus 

synthesized and characterized are, (Rui2L2 (Me2so) 2~ (L2 = ~y,-2 , bipy, 

phen) ~Rui2 {py) 4_7, L-Rui2 (bipy) 2_7, ~Rui2 (cH3CN) 2 {PP.h3 ) 2~, 
0 ' 

~Rui2 (PPh3 ) 2 (Me2so)~, L-Rui2 (cH3CN) 3 (Me2so)~, 
L-Ru{Et2Ncs2 ) 2 (Me2so) 2~. Among the compounds mentioned above, 

compounds containing Me2so molecules have s-bonded Me2so only, similar 

to the parent compound, 'Yi!· LRui2 (Me2so) 
4
J. 

In Chapter VI, some cationic and anionic complexes of 

ruthenium{III) containing Me2so, are described. Cationic complexes 

described ~e L-Ru{Me2so) 6_7x3 {X = c1o4, _BPh4 ) and anionic complexes 

are ~Me4N_7~Ruc14 (Me2so) 2_7 and LEt4N_7~RuBr4 (Me2so) 2~. With the 

help of IR and EPR spectral studies, LRu(Me2so) 6~+ is characterized 

to have three S-bonded and three 0-bonded molecules; arranged to 

give a facial geometry having a c 3v symmetry group. ~Ru(Me2so) 6_73 + 
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is synthesized from ruthenium(III) compounds containing either only 

s-bonded or containing both s- and 0-bonded Me2so molecules. The 

anionic coroplex, ~Me4N~~Rucl4 (Me2so) 2_7 is synthesized from 

is£ or~ ~Ruc13 (Me2so) 3_7 and characterized to have the Me2so 

molecules bonded through the s-atom and seems to have a ~ geometry. 

~Et4N_7~RuBr4 (Me2so) 2_7 is synthesized from ~RuBr3 (Me2so) 3~ and 

characterized to have the Me2so molecules bonded to the metal through 

the 0-atom and seems to have a cis geometry. 

SGme convenient syntheses of 21 2 1-bipyridyl and 1,10-phenan-

throline complexes of ruthenium(III) and (II) are described in 

Chapter VII. ~Ru(L-L) 3~x2 (L-L = phen or bipy; X= Cl, Br, Cl04 

or BPh4) are synthesized from~ or~ ~RuC13 (Me2so) 3~ or 

~RuBr3 (Me2so) 3~, using excess of the diimines. ~Ru(bipy) 2c12~cl.2H20 
- ' 

is obtained by a reaction of~ or~ z-RuC13 (Me2so) 3~ with 

2,2 1-bipyridyl (molar ratio, 1:2). Further, a novel compound of 

rutheniurn(III) containing 1,10-phenanthroline and bromide, ~· 

~Ru(phen) 2Br2~r is synthesized from ~RuBr3 (Me2so) 3_7 and 

characterized. By the metathetic substitution, ~Ru(phen) 2Br2_7x 
(X = Cl04 or BPh4 ) are also obtained and characterized. 

Most part of the work described in Chapters II, III, IV and 

V have been published in 11POLYHEDRON" while the rest is under 

communication~.· 
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CHAPTER I 

INTRODUCTION 

Int.erest in the chemistry of ruthenium appears to be 

growing very rapidly during the last decade. This is reflected 

in the publication of several reviews on different facets of the 

chemistry of the metal. The pioneering work in this field is by 

W.P. Griffith. 1 Subsequent reviews by Gmelin2 , Livingstone3 and 

Cotton and Wilkinson4 contribute more to the chemistry of 

ruthenium. One of the latest and most useful collection on 

ruthenium chemistry is a monograph by Seddon and Seddon.5 Seddon 

has covered the chemistry of ruthenium till 1981 in his subsequent 

6-8 9 reviews. The latest review by SchrOder and Stephenson covers 

the coordination chemistry of ruthenium till the middle of 1984. 

Several other reviews10- 17 on the organometallic chemistry, 

photochemistry, thermodynamics and medical applications of 

ruthenium and its compounds have also appeared which justify 

rapidly growing and diversifying interest in ruthenium. 
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The chemistry of ruthenium is known in the oxidation states 

ranging from VIII to II. 1- 5 Most extensively studied compounds 
I 1-5 

of ruthenium belong to the oxidation states II and III. Some 

of the important compounds of ruthenium(II) and ruthenium(III) 

r ) - 17-19 - ) _72+ 14,20 are L RuC1 2 (PPh3 3_;, L Ru(bipy 3 , 

. r ) - 21,22 r ( ) _;- 21,23-25 ~ L RuC1 2 (Me2SO 4_/, trans L RuBr2 Me2so 4 1 

L-auX3 (EPh3 ) 3~ and L-RuX3 (EPh3 ) 2 (MeOH)~, (X= Cl or Br, 

E = P or As}. 18' 26- 29 The importance of these compounds is due to 

their various physical, chemical and structural behaviours. For 

example, ~RuC12 (PPh3 ) 3_7, has a distorted square pyramidal 

30 structure and is a good catalyst for various homogeneous 

reactions, viz oxidation, hydrogenation, dehydrogenation, hydro­

silylation and isomerization. 17 The homogeneous catalytic 

properties are due to the coordinative unsaturation of the 

compound. Besides its catalytic behaviour, it has been found 

to be excellent starting compound for the synthesis of a large 

number of ruthenium(II) complexes, particularly those 

containing rr -acid ligands. 17 

£Ru(bipy) 3~2+ and other related diimine complexes14120 

are being considered as promising candidates for the role of 

ideal photocatalyst for the visible light photo induced decomposi-

tion of water into dihydrogen and oxygen. Such complexes are 

playing a key role in the development of photochemistry, photo-

physics, photocatalysis, electrochemistry, photoelectrochemistry, 
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chemi- and electrochemi luminescence and electron energy transfer. 

The interest in this field could be well imagined that, despite 

literally hundreds of publications on the photophysics and 
-2+ photochemistry of ~Ru(bipy) 3_; have appeared, there still does 

not yet exist an unambiguously correct assignment of either the 

electronic absorption or the luminescence spectrum for 

~Ru(bipy)3_/2+• 14,20 

cis ~RuC12 <Me2so) 4_/ is characterized to have a distorted 

octahedral geometry, 31 with the two chlorides in the~ positions 

and having three S-bonded and one 0-bonded Me2so molecule. It has 

been used as a precursor for the synthesis of many ruthenium(II) 

22 32-35 r ( - r ( -complexes. 1 ~ ~ RuC12 Me 2so) 4_/ and trans ~ RuBr2 Me 2So) 4_/ 
-

have been investigated for their catalytic activity towards 

molecular oxygen oxidation of thioethers to the sulphoxides. 36137 

The interest aroused by the new antitumour agent, 'tl!,1 

£.!! C"Ft (NH3 ) 2cl2J, has spread to ruthenium complexes, and 

~ C"RuC12 <Me 2so) 4J in particular, appears to be attracting some 

attention.38 Ruthenium(III) complexes of the type, ~Rux3 (EPh3 ) 3~ 
and C"Ru~ (EPb3) 2 (MeOH) J (X = Cl or Br; E = P or As) have been 

used as precursors for the synthesis of ruthenium(III) 

complexes. 23 , 29 , 39- 44 Recently C"Ru(H2o> 6_/l-C7H7so3J0
4~nd 

~Ru(DMF) 6_7C"cF3so3_;046 (n =2or 3) have been synthesized and 

their potential as precursors is being explored. 
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Examples of ruthenium(II) and rutheniurn(III) complexes, 

cited above, convincingly show their importance in inorganic 

chemistry. One finds that much larger contribution has been made 

to the study of the chemistry of rutheniurn(II) than that of 

ruthenium(III). 

The source material for the synthesis of rutheniurn(II) 

and ruthenium(III) compounds is commercial ruthenium trichloride. 

However, the reaction products of ruthenium trichloride with 

ligands, mostly yielded ruthenium(II) complexes. Commercial 

ruthenium trichloride generally gets reduced to rutheniurn(II) 

even with a mild reducing agent. In most such cases, the ligands 

themselves act as agents for reducing rutheniurn(III) to rutheniurn(II) 

One of the most widely studied complex,~· ~RuC12 (PPh3 > 3_7 was 

synthesized by the refluxing of a methanolic solution of commercial 

ruthenium trichloride with triphenylphosphine. 18, 19 Thus the 

studies on the ruthenium(III) complexes are relatively less 

compared to that of. ruthenium(II). Hence, in the present work, 

an attempt has been made to synthesize and study mostly complexes 

of rutheniurn(III). In the course of investigation, some of the 

reactions have resulted in the formation of ruthenium(II) complexes 

as well. Ruthenium(III) is a d5 system forming only low spin 

complexes. These complexes have generally one unpaired electron 

which shows a magnetic moment ~1.9 BM and the single unpaired 

electron gives EPR signals which sometimes are very characteristic 

to make proper structural assignments to the complexes. 47 
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In the present work, most complexes of ruthenium(III) and 

some complexes of ruthenium(II) have been studied with some weak 

donor ligands, 48 such as dimethylsulphoxide and acetonitrile. 

Most of the work centres around Me 2so. Me2so being an ambidentate 

ligand, coordinates to a metal ion either through oxygen or through 

sulphur atom. 49 , 50 Besides X-ray crystallographic studies, simple 

1 physical methods, ~· IR and H NMR spectral studies have been 

used extensively to diognise the bonding behaviour of Me2so 

molecules. Recently electron spectroscopy for chemical analysis 

(ESCA) has been applied to the study of arnbidentate coordination 

in sulphoxide complexes.51 

In terms of explaining the ambidentate donor ability of 

sulphoxides, one may like to represent the simple sulphoxides, 

R2so, as a resonance hybrid of the following three canonical 

forms:-

R R~ R 

~+ .. ~--.. s 0 < ;> s s o: < ) / .. /'' /'" .. 
R R R 

(i) (ii) (iii) 

+ 
0 

The corollary of this is, that 0-bonding is a result of dominant 

contribution of form (i) and S-bonding, a result of dominant 

contribution of form (iii). A compilation of the available physical 
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50 data of Me
2
so and its transition metal complexes, show that 

this is not so, and that form (i) makes a dominant contribution 

to the resonance hybrid in both, the free molecules and its 

0-bonded complexes, while form (ii) makes a dominant contribution 

in S-bonding. It seems likely that 0-bonding results from electron 

donation from a sp2 hybrid orbital on oxygen and that S-bonding 

involves donation from a sp3 hybrid orbital on sulphur.50 It is 

generally observed that sulphoxides coordinate to hard metals, 

~oxygen and to soft metals via sulphur, 50
'
52 exactly as 

expected in terms of the HSAB principle. 

Ruthenium(II) and rutheniurn(III) metal ions are not clearly 

48 categorised either as hard or as soft bases. Instead, these are 

the border line metal ions among the two distinct categories of 

hard and soft bases. Some of the well characterized complexes of 

ruthenium(II) and ruthenium(III) containing Me 2so and/or halides 

- ~5 having all S-bonded Me2so groups reported are L RuBr2 CMe2so) 4_; 

L-Rui2 (Me2So) 4_;63 and L-NMe2H2_?~RuC13 <Me2so) 3~.54 

The complexes,~ ~R~Cl2 (Me2so) 4_;31 and ~Ru(Me2so) 6~L-BF4_/255 
are reported to contain three S-bonded and the rest 0-bonded 

Me 2so molecules. Only one report of a ruthenium(III) complex 

having all 0-bonded Me2so molecule~,~ l-RuC13 <Me2So)
3
_/ has 

56 been made by Antonov ~ al., where characterization of the 

complex has not been satisfactory. Looking at the borderline 

behaviour of ruthenium(II) and ruthenium(III) it has been thought 
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interesting to investigate more into the chemistry of the complexes 

of Me
2
so with ruthenium(II) ·and ruthenium(III). 

Besides the ambidentate donor properties of Me 2so and its 

reported complexes with ruthenium(II) and ruthenium(III) having 

either S-bonded or containing both s- and 0-bonded Me 2so molecules, 

the interest in the chemistry of Me2so complexes of ruthenium is 

due to other reasons also. ~~2so is a weak donor ligand48 which is 

relatively easily replaced by other ligands. Due to which complexes 

of ruthenium(II) or ruthenium(III) with Me2so, could be used as 

precursors for the synthesis of ruthenium{II) and ruthenium(III) 

complexes, either containing Me 2so and other ligands or containing 

. ~ ( -22 32-35 only other l~gands. cis L RuC12 Me2so) 4~ ' and 

trans ~RuBr2 CMe2so) 4_737 have been used as precursors for the 

synthesis of many ruthenium{II) complexes.· Further, sulphoxide 

complexes of transition metals are being developed as homogeneous 

catalysts for a variety of organic transformations, including the 

hydrogenation, hydroformylation and oligomerization of olefines.50 
- -

cis ~RuC12 CMe 2so) 4_7 and trans ~RuBr2 {Me2so) 4_736 , 37 have been 

used as molecular oxygen oxidative catalyst for the oxidation of 

thioethers to sulphoxides. It is observed that~ ~RuC12 (Me 2So) 4~, 
~RuC13 (Me 2so) 3_7- and ~Ru(Me2so) 6_72+ catalyse the hydrogena­

tion of acrylarnide to 1-amino propane.54,SS,S? Similarly, other 

ruthenium{II) and ruthenium(III) complexes with Me 2so may be 



8 

found to be good catalysts for some of the homogenous catalytic 

reactions, mentioned above. 

Looking at the importance of the chemistry of ruthenium(II) 

and ruthenium(III) complexes with monodentate ligands, especially 

of the weak donor type, synthesis and physico chemical studies 

of the complexes of ruthenium(II) and ruthenium(III) with one 

of the weak donor ligands, viz. dimethylsulphoxide, has been 

taken up. In this process some complexes of ruthenium(III) 

containing Me2so and halides (chloride or bromide) and some 

complexes of ruthenium(II) with Me2so and halides (bromide or 

iodide) have been synthesized and their structural assignments 

made on the basis of available physical methods. Some of these 

complexes are used as precursors for the synthesis of ruthenium(II) 

and ruthenium(III) complexes containing one or two molecules of 

Me2so and other ligand molecules. In some cases completely 

substituted (Me2so) compounds have.also been obtained. Some of 

the compounds obtained by such methods were reported earlier by 

different methods and most others are new. These new compounds 

are studied for their structural assignments by various physical 

methods. 

Some of the well characterized cationic or anionic 

complexes of ruthenium(II) containing either Me2so or Me 2so and 

halides reported are ~Ru(Me2so) 6_7x2 (X= BF4, c1o
4

, BPh4 ) 22 ,ss,sa 

and ~NMe2H2_7L~uC13 (Me2so) 3_7.54 There is a report on ruthenium(III) 
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59 complexes of similar types, as well. However the report on 

ruthenium(III) complexes is not satisfactory and convincing, and 

in most cases the reported syntheses are not repeatable. Hence, 

study has been taken up to synthesize and characterize 

ruthenium(III) cationic and anionic complexes similar to 

ruthenium(II) complexes mentioned above. 

Studies on the complexes of ruthenium(II) and ruthenium(III) 

containing iodide as one of the ligands is very scarce- even 

though the existance of Rur3 was reported at the beginning of 

this century.60 Practically, no use of Rui3 as the starting 

material for the synthesis of rutheniurn(II) and rutheniurn(III) 

complexes containing iodide as one of the ligands has been made. 

It is probably due to the insolubility of Rur3 in most of the 

common non-coordinating organic solvents. Hence the study has 

been taken up, where Rui3 is made soluble in coordinating type 

organic solvents, viz. Me 2so, CH3CN or pyridine and in 

this process, complexes of· ruthenium(II) containing iodide and 

the weak donor ligands, such as Me2so, CH3CN or pyridine are 

obtained. As these ligands are of the weak donor type, these 

could be replaced by other ligands in a relatively non-coordina­

ting solvent medium (where these iodo complexes are soluble). 

Hence some ruthenium(II) complexes containing iodide as one of 

the ligands have been synthesized and their potentiality as 

precursor has also been explored. 
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Ruthenium(II) complexes of diimines of the type 

~Ru(L-L) 3_72: (L-L = bipy, phen etc) are of interest because of 

their key role in the development of photochemistry,photophysics, 

photocatalysis etc.14, 20 Most of the methods of syntheses described 

for such complexes make use of ruthenium(III) or ruthenium(IV) 

compounds, ~· commercial RuC13 .xH2o, K2 L:Ruc15 (H20)~, 
- - 61 K4 L Ru2oc110~. A simpler method has been 

evolved where complete substitution of chloride and Me 2so is 

carried out by the diimines in some ruthenium(III) complexes and 

the products obtained are characterized by comparing the physical 

properties with the reported compounds. 

Synthesis of ruthenium(III) complexes containing (mono, 

bis or tris) 2,2• bipyridyl or 1,10-phenanthroline is generally 

62 achieved in two steps. The first step involves the synthesis of 

the ruthenium(II) analogue of the desired compound and in the 

second step, oxidation of ruthenium(II) compounds to ruthenium(III) 

compound is achieved by one of the oxidising agents such as 

chlorine, a cerium(IV) compound, P.b(IV) oxide or silver nitrate. 

One such compound is ~Ru(bipy) 2cl2_7cl.2H2 o. Easier method of 

synthesizing such compounds have been achieved, where substitution 

of coordinated ligands, Y!!• Me2so and x- (X = Cl or Br), in 

easily synthesized and very stable ruthenium(III) complexes of 

the type ~RuX3 (Me2so) 3_7 (X= Cl or Br), by the diimine has been 
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carried out. Besides, obtaining the reported 

L-Ru(bipy) 2c12~cl.2H2 0, 63-65 a new compound ~Ru(phen) 2Br2_7Br 
has also been synthesized and characterized. 
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CHAPTER II 

SYNTHESIS AND CHARACTERIZATION OF COMPLEXES 

OF RUTHENIUM(III) WITH CHLORIDE AND DIMETHYL­

SULPHOXIDE : £"RuC13 (Me 2so) 2_;2 AND fac 

AND~ ISOMERS OF L-RuC13 (Me 2so) 3_/ 

A complex of ruthenium(II) with dirnethylsulphoxide viz. 

LRuc12 (Me 2so) 4_;, v1as reported by James ~ a1. 1 A simpler 

method of preparation for the same was later reported, 2 and 

the complex was used as precursor for the synthesis of many 

ruthenium(II) complexes.
2

- 5 The structure of L-RuC1 2 (Me 2so) 4_7 

was determined by X-ray diffraction technique, 6 and was shown 

to have a £b[ arrangement of the chloride ligands with three 

s-bonded Me 2so ligands and one 0-bonded Me 2so, mutually cis 

to each chloro ligand. A similar complex of rutheniurn(III), 

~· L-Ruc13 <Me 2so) 3_; was first reported from Wilkinson's 

group, 7 using blue solution of ruthenium(II). However, they2 

later reported that the preparation was unrepeatable. 

8 Antonov ~ 2!• reported its preparation and some physical 

characteristics. They reported that all the three Me 2so 

molecules were bonded to ruthenium(III) through the oxygen atoms. 
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Most of the physical data reported conform with the composi-

tion and the facial structure of the complex. However, the 

lowering of the magnetic-moment value <JKeff = 1.0 B.M.) and 

sharp line 1H NMR spectrum at room temperature are intriguing. 

Two reports on other ruthenium(III) complexes with Me2so by 

9-10 - ) -Bora and Singh describe L Ru(Me
2
so 

6
_;x

3
, (X= Cl, Br or 

Cl0
4

) and M ~RuC14 (Me 2so) 2_7, (M = Na or Bu4N). These 

complexes require further investigation for complete 

characterization. 

Thus looking at the informations available on 

L-RuCl~(Me2so) 3_/ and other ruthenium(III) complexes with 

Me 2so, a thorough and exhaustive study of Me 2so complexes of 

ruthenium(III) has been taken up. In this chapter, synthesis 

of three compounds of ruthenium(III) with Me2so and chloride 

ligands are described. Characterization and structural assign-

ments have been made using analytical data and various physical 

methods. Potentiality of these compounds as precursors for 

the synthesis of rutheniurn(III) complexes has been explored 

and described in Chapter III. 

EXPERIMENTAL 

All the solvents were freshly distilled before use. 

Ruthenium trichloride trihydrate was obtained from Aurora 

Matthey Ltd. Calcutta. 
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ANALYSES 

(a) Carbon and H¥drogen Carbon and hydrogen were analysed 

by microanalytical methods. The analyses were obtained from 

the Microanalytical Laboratory, Regional Sophisticated 

Instrumentation Centre, Central Drug Research Institute, 

Lucknow. 

(b) Chloride 11 Chloride was estimated by the standard method. 

An accurately weighed amount of the complex was decomposed by 

heating with a melt of KN03 and KOH mixture (1 :8) at around_,_.., 

800°C. It was cooled and extracted with water and then acidified 

with dilute HN03 • It was then digested on a water-bath for 

about one hour and filtered. Silver nitrate solution (0.1M) 

was added to the filtrate to precipitate silver chloride. 

The mixture was digested on a water-bath for one hour for 

coagulation of the precipitate. The precipitate was filtered 

through a sintered glass crucible (G-4), washed with very 

dilute HN03 (1:100) to free from silver nitrate and dried to 

a constant weight at 120°C. The precipitate was weighed as 

silver chloride. Analytical data are presented in Table II.1. 

MELTING POINT 

Melting points were recorded using capilliary method, 

and are presented in Table II.1. Melting points are uncorrected. 
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MOLAR CONDUCTANCE MEASUREMENTS 

Molar conductance measurements were made on a Systronic 

digital direct reading conductivity meter 304. solutions of 

milimolar strength were made in acetonitrile or nitro methane. 

Molar conductance data are presented in Table II.1. 

MAGNETIC SUSCEPTIBILITY MEASUREMENTS 

Bulk magnetic susceptibility measurements at room 

temperature (- 25°C), were carried out using a Faraday 

balance at Tata Institute of Fundamental Research, Bombay 

or using a Vibrating Sample Magnetometer, EG G. PARC, Model 

155 at Indian Association for Cultivation of Science, 

Jadavpur, Calcutta. fief£ values have been reported in 

Table II.1. 

ELECTRON PARAMAGNETIC RESONANCE 

EPR spectra were recorded (i) in the powder form at 

room temperature and (ii) in acetonitrile, chloroform or 

methanol solution at liquid nitrogen temperature using a 

Varian E-104 spectrometer. 

PROTON MAGNETIC RESONANCE 

1H NMR spectra were recorded at Regional Sophisticated 

Instrumentation Centre, NEHU, Shillong at room temperature on 
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a Varian EM-390, 90 MHZ spectrometer, in deuterated solvents 

using tetramethylsilane as internal standard. 

INFRARED SPECTRA 

Infrared spectra were recorded at Regional Sophisticated 

Instrumentation Centre, NEHU, Shillong in KBr pellets on a 

-1 Perkin Elmer-297 IR spectrophotometer in the range 4000-600 em 

and in both KBr and Csi pellets on a Perkin Elmer-983 IR 

-1 spectrophotometer in the range 4000-200 em • Important IR 

absorption bands are given in Table II.2. 

ELECTRONIC ABSORPTION SPECTRA 

Electronic absorption spectra were recorded in solution 

at Regional Sophisticated Instrumentation Centre, NEHU, Shillong, 

using (i) a Beckmann-26 Spectrophotometer in the range 

800-200 nrn, or (ii) Cary-2390 spectrophotometer in the range 

1200-200 nm. Electronic spectra were recorded using Hitachi-330 

spectrophotometer also, in the range 1200-200 nm. 

PREPARATIONS 

Method A : Dimethylsulphoxide (1.5 crn3 ) was added to hydrated 

ruthenium trichloride (0.25g, 1 rnmol) and warmed on a water-

bath ( ,....... 15-20 min) to get a clear dark red solution. The 

solution was cooled to room temperature and acetone was added 
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with stirring when brownish-red coloured compound precipitated 

out. It was centrifuged and washed 2-3 times with acetone and 

dried in vacuo. Yield 0.3g, 75%. It was analysed for 

L-Ru
2
Cl

6
(Me

2
so)

4
_7. 

Method B : Compound 1 was obtained also, when a solution of 

hydrated ruthenium trichloride in dimethylsulphoxide (at 

room temperature) was precipitated with acetone. 

Method A : Cone. HCl (5 cm3 ) was added to a solution of 

hydrated ruthenium trichloride (0.25g, 1 mmol) in dimethyl­

sulphoxide (1.5 cm3). The mixture was refluxed on an oil-bath 

(130-140°C) for 1 ~ h and slowly cooled to room temperature 

when a compound separated out. It was centrifuged and carefully 

washed twice with very little (0.1 - 0.2 cm3 ) ice cold 

acetone (acetone soluble) and dried in vacuo. Yield : o.33g, 

80%. It was analysed for L-RuC13 (Me 2so) 3_/. 

Method B : If the reaction mixture of method A was heated on 

a water-bath for about 4 h, _ instead of refluxing on an 

oil-bath and cooled, compound 2 separated out. 

Method A: Conc.HCl (5 cm3 ) was added to a solution of 

hydrated ruthenium trichloride (0.25g, 1 mmol) in dimethyl-
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sulphoxide (1.5 cm3). The mixture was heated on a water-bath 

(-85°C) for 30 min. The solution was concentrated to 1 cm3 

by heating on a water-bath and cooled overnight at 10°C. 

Yellow needle-shaped crystals separated out. These were 

centrifuged, washed 2-3 times with acetone and dried in vacuo. 

Yield 0.33g, 80%. It was analysed for ~RuC13 CMe2so) 3_/. 

Method B : ~~ in the powder form, could be precipitated out by 

the addition of acetone under constant stirring to the concen­

trated solution (1 cm3 ) obtained as in Method A above. 

Method C : Mother-liquor, obtained after removing ~, was 

concentrated on a water-bath to about 1 cm3 and was ice-cooled. 

Acetone was added to it with continuous stirring, which 

yielded small quantity of l• 

RESULTS AND DISCUSSION 

The only ruthenium(III) complex containing chloride and 

dimethylsulphoxide ligands,~· L-RuC1 3 (Me 2so) 3_/ was first 

reported from Wilkinson's group, 7 using blue solution of 

ruthenium(II). However, they2 later reported the unrepeata-

8 bility of the reaction. Much later Antonov ~ al. have 

reported its preparation. We have been able to synthesize 

two isomers of the formula ~RuC13 (Me2so) 3_7, and one compound 

of the formula L-Ru2cl6 <Me 2so) 4_/. We attempted to prepare 
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. ~RuC13 (Me 2so) 3_7 according to Antonov's method, but obtained 

L-Ru2cl6 (Me2so) 4_7 only. In fact# a closer look at the prepara­

tive methods of Antonov and compound 1 of ours, reveals a 

great similari~~ except that we have used a smaller volume of 

dimethylsulphoxide, but large excess compared to the ruthenium 

trichloride used ( ,.._ 12 mmol for 1 mmol of RuC13 .xH20). 

Normally reactions carried out at higher temperature (i.e. 

refluxing of Me2so), even for short period (5 min) without 

using cone. HCl, yielded ruthenium(II) complexes, viz. 

- - 2 L RuC1 2 (Me2so) 4_/. When the reaction was carried out at a 

lower temperature (water-bath temperature,-70-80°C), a 

ruthenium(III) complex with dimethylsulphoxide, viz. 

L-Ru2cl6 (Me 2so) 4_7 was obtained by us. However, if the reaction 

was carried out in the presence of cone. HCl, two isomers of 

the composition ~RuC13 (Me 2so) 3_/ were obtained. A reaction of 

dimethylsulphoxide and ruthenium trichloride in cone. HCl at 

a higher·temperature (heating in oil-bath, 130°-140°C) for 

1 1 2 h or at lower temperature (water-bath temperature) for 4 h 

yielded an orange-red isomer ~, whereas the reaction at water­

bath temperature for about 30 min gave a yellow isomer ~· 

The analytical data (Table II.1) of !, £ and l conform 

to the compositions ~Ru2cl 6 (Me2So) 4_/, L-RuC13 (Me2so) 3_/ and 

L-RuC13 (Me2so) 3_/ respectively. The conductivity mea-surements 

of these complexes in acetonitrile and nitromethane, showe4 

molar conductance of the order of 7 to 14 .I2 -lcm2mol-1 which 

conform to the covalent nature of the chlorides bonded to 



Table II.l Some Physical and Analytical Data of New Ruthenium(III) Complexes 

-- I --·- ~-. -~-----. I 
I I 

Analytical dataa(%) 
I I 

AM 
I I I fL eff 

I 
I Molecular I I I 

Compounds : Colour: M.P. °C I I 

Formula I 
I I - ! at R.T. I -1 2 -1 I I : in .Jl em mol I I I 
I I c H Cl : in B M. I I 

----

1 ~Ru2cl6 (Me2so) 4_/ Brow ish 160-65 13.2 3.4 28.7 1.1 7b 
red (13. 2) (3. 3) (29.3) 

2 [""merLRuC13 <Me 2so) 3-/ Dark 135-40 16.6 4.3 24.0 1.9 14b 
orange (16 .3) (4.1) (24.1) 

l L",fac/""RuC13 (Me 2so) 3.] Yellow 145-50 16.6 4.2 24.6 1.7 8b 
(16. 3) (4.1) (24.1) 

Antonov•s [""RuC1
3

(Me
2
so)

3
_;d Brown - 15 .a - 24.8 1.0 15c 

to red (16 .3) (4.1) (24.1) 

~Ru2cl 6 (Me2so) 4_;e Brownish 160-65 12.5 3.1 - - 12c 
red (13 .2) (3 .3) 

a : Calculated values are in parentheses 

b : in acetonitrile 

c : in nitromethane 

d : Reported by Antonov et ~-' ref. 8 

e : Repeated by us according to Antonov•s method 

~ 
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Table II.2 Important IR band positions (in cm-1 ) and their 

assignments 

1 2 l - Assignments 

~u2c16 (Me 2so) 4l ~ [RuC1 3 (Me 2so) 3] fac ~uc13 (Me 2so) 3] -
1427m} 1433-1410m-s 1427m} 

Od (CH) 1410m 1413m 
1404m 

1317m 1320m 1315m bd (CH) 

1298m 1295w 1295m Dd (CH) 

1110m 1113m J lllOshJ ;jS=O 1093m 1087s 
1065m (S-bonded) 

1028m} 1032s J 1037w J f (CH) 1019m 1015m 1022m r 

•• 981vs • • Vs=o 
(O-bonded) 

985m} 936vw 975m f r (CH) 950m 

891vs • • •• Ys=o 
(0-bonded) 

723w} 725t.v J 725wJ ~ (CS) 683w 683w 680w a 

504m 471br,s • • VRu-0 
430m-w 421m-w 422s VRu-S 

6 d (cso) 

376w 380w 385m D (CSO) a 
335s 340Vs} 343s J 

VRu-Cl 326s 319s 
313m 

288m 279m 

249m-w -\) Ru-Cl 
(bridging) 

s, strong; m, medium; w, weak; sh, shoulder. 
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ruthenium. Molar conductance in water showed very high values 

-1 2 -1 ( ---230 & 370 ..Il em mol for the monomeric 2 and .2_ respec-

tively and 600 JL-1crn2mol-1 for the dirneric species 1 ). 

It may be due to the decomposition of the complexes in water 

leading to the formation of ~Ru(H2o) 6~3+ and Cl- ions. 

INFRARED SPECTRA 

IR spectra of the compound 1, 2 and l throw light on 

the nature of coordination of Me 2so with ruthenium. Important 

infrared bands are given in Table II.2 with their most plausible 

assignments. IR spectra of these compounds are shown in Fig. 

Nos. II.1, II.2 and II.3. Compound 1 showed a very strong 

-1 -~ absorption band at 891 ern assigned to vS=O of the 0-bonded 

Me 2so, as observed by Antonov- ~ al. 8 A band of medium 

intensity at 1110 crn-1 was also observed which may be assigned 

to V S=O (S-bonded). 2' 12 The infrared absorption at 504 crn-1 

and at 430 crn-
1 

could be assigned to VRu-O and 0Ru-S 
12-16 . respectively due to 0-bonded and S-bonded Me 2so. F~nally, 

a strong band at 335 cm-1 could be due to 0Ru-Cl (terminal) 
-1 .\ 17 

and at 249 em due to \/Ru-Cl {bridging). On the basis 

of infrared spectrum, we may infer that Me2so molecules in 

compound 1 are both 0-bonded and S-bonded. T.he dirnerization 

may take place through chloro-bridges. In compound a, the 

-1 bands at 1113 and 1093 em of medium intensity may be assigned 
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-) ( d d) t b d at 981 cm-1 
to · V S=O S-bon e and a very s rong an 

due to V S=O { 0-bonded). 
2

' 
12 V Ru-O and V Ru-S were also 

-1 . 13-16 observed at 471 and 421 em respect~vely. 

the intensities of bands at 981 cm-1 and around 

Comparing 

-1 1100 em , 

it may be inferred that compound £ has two Me 2so molecules 

as 0-bonded and one as S-bonded. Compound £ showed bands at 

340, 326 and 313 cm-1 also, which could be assigned to 

-\) Ru-Cl. The number of V Ru-Cl bands in the spectrum 

- J 18 corresponds to meridional configuration as in L RhC13 (Me 2so) 3 • 

Compound ~ seems to be a purely S-bonded isomer, where no 

strong absorption between 1000 and 850 cm-1 were observed, 

thereby showing the absence of V S=O (0-bonded) • Bands around 

1100 cm-1 are assigned to \J S=O (S-bonded) and a band at 
-1 Al 13-16 

422 em due to ·yRu-s• In fact the IR spectral data of 

~have an exact resemblance to that of ~RuC13 (Me2so) 3~ 
12 reported by McMillan et al. The spectrum of this compound 

showed bands at 343 and 319 cm-1 , which may be assigned to 

V Ru-cl. Number and positions of V Ru-cl bands conforms to 

the facial configuration of the complex, 19 as in the case of 

- - 20 fac L Rucl3 {Py) 3_/. The infrared spectra of the compounds 

1, £ and ~ in acetonitrile solutions were similar to that in 

the solid state (KBr or Csi medium). There was slight deviation 

( ~ 10 to 20 cm-1 ) of the bands due to ~so in acetonitrile 

solution. 
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MAGNETIC PROPERT'IES 

The magne~ic moment ~alues 0~ the compounds a and 1 

at room temperature were 1.9 and 1.7 ~Mrespectively which 

are in conformity with the complexes having low-spin 

ruthenium(III), d5 system. 21 The room temperature magnetic 

moment value of compound 1, having composition 

~Ru2cl6 (Me2so) 4_7 is 1.1 ~M.per ruthenium atom which is 

I'(l.Uch lower than expected, for a low spin ruthenium (III), 

d5 system and is similar to Antonov•s compound. 8 The lowering 

in the magnetic moment could be due to weak antiferromagnetic 

interaction of the two ruthenium(III) ions through the 

bridging chlorides. 22 Proposed structure for the compound l 

is shown in Fig. II.4(a). Lower values of magnetic moment 

for dimeric ruthenium(III) complexes,~· L-RuCl3 (Et2s) 2_/2 

(0.95 BM per ruthenium atom) have been reported earlier. 22 

ELECTRON. PARAMAGNETIC RESONANCE SPECTRA 

The electron paramagnetic resonance spectrum of 

compound 3 (Fig II.5) with all three S-bonded Me 2So groups, 

in powder form, showed two g values, both at room temperature 

and at liquid nitrogen temperature. The g values were 2.42 

and 1.92, which suggest a facial structure L-Fig II.4(c)_/ 

' h C t 23 Th d EP f d 2 w~ t 3v symme ry. e pow er R spectrum o compoun _ 

(Fig II.6), at room temperature showed three g values, ~· 

2.41, 2.26 and 1.88. This suggest a rhombic geometry around 
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ruthenium(III). If one presumes the meridional type of 

structure for compound ,g_ with a C2V symmetry, the three g 

values could be explained. Three g values could be obtained 

also with facial isomer when three Me 2so groups bonded to 

ruthenium are not of the same type (0- and S-bonded) (vide 

supra). However, we prefer a meridional type L-Fig II.4{b)_7, 

as evidenced from far-IR spectrum. The EPR spectrum of 

compound 1 (Fig II.?) in the powder form at room temperature, 

also showed three g values, ~· 2.37, 2.14 and 1.88 which 

are similar to that of compound ,g_. Assuming the structure to 

be dimeric with chloro-bridges, as proposed earlier, if one 

looks at the symmetry around each of the ruthenium ion, there 

is a rhombic distortion and the three g values could be 

explained. A signal corresponding to g = 2.14 in compound 1 

is much broader than that of g = 2.26 of compound ~· The 

broadness of the signal at g = 2.14 may be due to weak 

interaction among the two neighbouring ruthenium(III) ions, 

proposed on the basis of lowering of the magnetic moment also. 

(vide supra) • 

ELECTRONIC ABSORPTION SPECTRA 

The electronic absorption spectral data are given in 

Table II.3. The electronic absorption spectra of compound 1 -
and ~ were similar in acetonitrile and in chloroform. 

Compound ~ has very low solubility in chloroform. The spec~rum· 

of compound 1 was similar to that of Antonov•s compound except 
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Table II.3 Electronic absorption spectra of 1, ~ and ~ 

Compound .A in nm max 
(f. ) ~ in max 

nrn (€) 

in CH3CN in CHC13 

.! ~Ru2cl 6 (Me 2so) 4_/ 455 (11.8 X 103 ) 457 (10.4 X 103 ) 

390 (10.5 X 103 ) 380 (10.6 X 103 ) 

~ ~ ~RuC13 (Me 2so) 3_/ 416 (2.9 X 103 ) 435 (2.6 X 103 ) 

385 (3.2 X 103 ) 380 (2.9 X 103 ) 

1 fac ~RuC13 (Me2so) 3_7 468 (140) 

405 (585) 
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that the £ value was somewhat larger (assuming the dimeric 

formula). The compounds~ and 3 also showed spectra similar 

to that of compound !, but with lower E. values. The simi-

larity of the electronic absorption spectra of three compounds 

conforms to a similar type of geometry around the metal in 

all the cases. Very high value of ~ {103 to 104 ) for compounds 

! and l are suggestive that the ab~o~tion bands around 450 nm 

and 400 nm# are having more of charge transfer character than 

the d-d type absorption band C2T2 to 2A2, 2T1 or 2T2 transi­

tions). The electronic absorption spectra of these ruthenium(III) 

complexes have a close similarity to the aqueous solution 
8 

spectrum of RuC13 reported by Antonov ~ al. 

PROTON MAGNETIC RESONANCE SPECTRA 

The 1H NMR spectra of L-RuCl3 (Me2So) 3_/ in CHC13 and 

CH2c1 2, at room temperature reported by Antonov et al8 had 

one sharp peak having 6 = 0.13 ppm ar.d 0.20 ppm respectively 

relative to free Me2so. In general, the condition for a 

sha~ line 1H NMR require a short electron spin relaxation 

time, and a sharp line EPR require a long one. Thus where 

EPR is observed at room temperature, 1H NI>!IR is either not 

observed or is very broad. This is the case with ruthenium(III): 4 

In fact sharp line 1H NMR spectra are not reported for any 

ruthenium(III) complex. Our efforts too, to get the 1H NMR 

spectra of the three compounds synthesized were unsuccessful. 
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In fact, in some cases in CHcl3 or CH2c1
2 

solution, some sharp 

signals in the S-bonded or 0-bonded Me2so region were observed 

at very high resolution. However, a blank run of the solvent 

showed the signals at the same positions, which may be due 

to some impurities present in the solvent. 
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CHAPTER III 

USE OF L-Ru
2
cl6 <Me 2so) 4_7, AND fs£ AND 

~ISOMERS OF ~RuC13 (Me2S0) 3_/ AS 

VERSATILE STARTING MATERIALS FOR THE 

SYNTHESIS OF RUTHENIUM(III) COMPLEXES 

Some rutheniurn(II) complexes, containing monodentate 

~ -1-4 - ) -ligands, ~·, L RuX2 (Me 2so) 4_; 1 L Rux2 (PPh3 3_/ 

(X= Cl, Br) 5 and ~RuCl 2 <AsPh3 ) 2_;2 are well known, and 

used extensively as precursors for the synthesis of a 

wide number of rutheniurn(II) complexes. 2' 7- 14 In case of 

triphenylphosphine or triphenylarsine complexes, generally, 

a partial substitution took place, whereas dimethylsulphoxide 

complexes resulted in both partial and complete substitution 

of the ligand molecules. In case of ruthenium(III), some 

complexes with monodentate ligands, ~· 

- ) -s - < ) -15-17 L RuX3 (MPh3 2
(ca

3
0H)_/ and L Rux3 MPh3 3_; (X= Cl or 

Br, M = P or As) are used as precursors for the synthesis of 

many rutheniurn(III) complexes. Most of the complexes synthe-

sized, using these complexes, have partial displacement of 

MPh 1 . ' d 3,13,16-21 
3 l.gan s. 
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In Chapter II, we have reported the synthesis and 

characterization of ~Ru2cl6 (Me2so) 4_7 1, ~ L-~cl3 (Me2so) 3_7 
2 and~ ~Rucl3 (Me2so) 3_7 1· In this Chapter, compounds!, 

2 and ~have been used as precursoxsfor the synthesis of 

many ruthenium(III) complexes containing N, P, As, 0 and 

s donor ligands. Depending on the reaction conditions and 

the nature of the ligands reacted with, complete or partial 

substitution of dimethylsulphoxide molecules in these 

compounds are achieved. Only representative ligands containing 

different donor atoms have been used in this work. However, 

these complexes will find a much wider horizon as precursors 

for the synthesis of ruthenium(III) complexes. 

EXPERIMENTAL 

~Ru2Cl 6 (Me 2So) 4_7, ~ ~RuCl3 (Me 2so) 3_/ and 

~ ~RuC13 (Me2so) 3_/ were prepared according to the methods 

described in Chapter II. Analytical data and all physical 

measurements were obtained as described in Chapter II. 

Nitrogen analyses of the compounds were obtained from Regional 

Sophisticated Instrumentation Centre, Central Drug Research 

Institute, Lucknow. Analytical data, melting point, molar 

conductance data and magnetic measurement results are presented 

in Table III.l. Important IR and electronic absorption bands 

are presented in Table III.2. 
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Reactions of L-Ru
2
cl6 <Me 2So) 4_/ !, ~ f-RuC1 3 (Me2so) 3_/, 

orange isomer£, and is£ L-RuCl3 (Me 2so) 3_7, yellow isomer 

2_ I 

(a) With triphenylphosphine or triphenylarsine 

(i) Compound l• £or ~ (0.2g) was dissolved in 

methanol (20 cm3 ) and to which a solution of ligand L 

(L = PPh3 or AsPh3) in methanol (10 cm3) was added. Reactions 

with varying molar ratios of the compounds 1, 2 or ~ and 

ligand L, viz. 1:1, 1:2, 1:3 and 1:6 were carried out. 

The reaction mixture was stirred for 3 0 min to 1 h at room 

temperature. The compound obtained in each case was centri-

fuged, washed with little methanol and then with little 

diethyl ether and dried 1£ vacuo. In all the above reactions, 

even with varying proportions, the final product obtained in 

each case was of the composition, ~Ruc13L2 (cH3 0H)_/. 

(ii) Reactions similar to that in (i) above were 

carried out by refluxing the reacticn mixture on a water-bath 

for 30 min. The products obtained were same as in (i). 

ili) With pyridine 

(i) 0.2g of each of tne compounds ! or 2 was dissolved 

in minimum quantity of methanol (10 cm3), to which pyridine 

(1 cm3 ) was added and the mixture was stirred at room tempera-

ture for 3-4 h. In case of compound 3, product separated simply 
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on stirring. In case of compound 1, after stirring, the volume 

of the solution was reduced to about half, at room temperature 

and diethylether was added, followed by cooling (0°C) for 

2-3 h, whereby a green coloured compound separated out. The 

products were separated by centrifugation, washed with 

diethyl ether and dried ~ vacuo. Product obtained from the 

reaction of 1 was green whereas from l 1 it was yellow. These 

compounds may be isomers, having the composition, 

(ii) Reactions similar to that in (i) above, were 

carried out by refluxing the reaction mixture on a water-bath 

for 2 h, concentrated ( ,....._ 5 cm3) and cooled, when compounds 

separated out which were centrifuged, washed with diethyl 

ether and dried in vacuo. The compounds were analysed for 

(c) With 1,10-phenanthroline 

(i) 0.2g of each of the compounds ! 1 ~ or l was 

dissolved in methanol (20 crn3 ) and to which 1,10-phenanthroline 

(0.1g) in methanol (5 cm3 ) was added. The reaction mixture 

was stirred at room temperature. In case of compound 1 and ~ 

the products separated after 1-2 h,whereas in case of compound 

~~ the product separated after 10 min only. The compounds were 

centrifuged, washed with little methanol followed by diethyl 
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ether and dried in vacuo. ~be product obtained from the 

reaction of 1 was brown in colour whereas from l and 1 
were orange in colour. However, the composition in all three 

cases was L-RuC1 3 (phen) (Me 2so)_/. Some compound was isolated 

when the reaction mixture (as above) was refluxed in methanol 

for 30 min. 

(d) With 2,2~bipyridyl 

0.2g of each of the compounds~ or 3 was dissolved in 

methanol (20 cm3 ) and to which 2,2-bipyridyi (O.lg) in 

methanol (5 cm3 ) was added. The reaction mixture was stirred 

at room temperature. In the case of compound 3, the product 

was separated after 30 min whereas in case of ~ after 2 h. 

Products obtained were centrifuged, washed first with methanol 

followed by diethyl ether and were dried !g vacuo. The compounds 

were analysed for ~RuC13 (bipy) (Me2so)_7. 

(e) With a-phenylenediamine 

(i) Compound l or 1 (0.2g) was dissolved in ethanol 

(20 cm3) and a solution of a-phenylenediamine (O.lg) in 

ethanol (5 cm3) was added to it. The reaction mixture was 

refluxed for 15-20 min, concentrated (~ 5 cm3 ) and the 

compounds were precipitated by the addition of dry diethyl 

ether. Products obtained from compounds l and 3 were ligh·t 

orange in colour and were analysed for ~RuC12 (PDA) (Me2so) 2_/. 
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Reaction of compound £ with £-phenylenediamine using chloro-

form as solvent also gave the same product. 

(ii) · The above reactions were carried out at room 

temperature with stirring for few hours. Same products 

were obtained with lower yields. 

(f) With acetylacetone 

A suspension of compound 1 or a solution of compound £ 

{0.2g) was taken in toluene (20 cm3 ). Acetylacetone {0.5 cm3 ) 

and triethylamine (1 cm3 ) were added to the suspension or 

solution, and the reaction mixture was refluxed for 2-3 h at 

120-130°C, cooled and filtered. The brown coloured mother 

liquor was concentrated slowly on a water-bath (~ 5 cm3). 

Petroleum ether (80-100°C) was added to precipitate a light 

brown compound. More compound crystallized out from the 

mother liquor on cooling to 0°C for 2-3 b.The product was 

centrifuged, washed with little diethyl ether and dried 

£a vacuo. The compounds were analysed for L-RuC1 2 Cacac) (Me 2so) 2_;. 

(g) With acetonitrile 

0.2g of each of the compound !, £ or 1 was dissolved 

in acetonitrile (20 cm3 ) and was refluxed on a water-bath 

for 4 h. The reaction mixture was concentrated to small volume 

(5 cm3) and dry diethyl ether was added to precipitate a 

yellowish orange coloured compound. Products obtained were 

centrifuged, washed with diethyl ether and dried ill vacuo. 

These were analysed for L-RuC13 (cH3CN) 2 (Me2so)_7. 
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(h) With sodium diethyldithiocarbamate or o-aminobenzenethiol 

A solution of sodium diethyldithiocarbamate (0.2g) 

or o-aminobenzenethiol (0.15g) in methanol (10 cm3 ) was 

added to a solution of compound, ! 2 or l {0.3g) in methanol 

{20 cm3). The reaction mixture in the former case was stirred 

at room temperature for 2 hand refluxed for 30 min in the 

latter case. Dark brown and dark-violet crystals separated 

in the former and the latter cases respectively. The compounds 

were centrifuged, washed with small quantity of methanol 

followed by diethyl ether and dried 1£ vacuo. The compound 

in each reaction was of the composition L-Ru(L-L) 3_/ (L-L = 

diethyldithiocarbamate or Q-arninobenzenethiolate). 

(i) With carbondisulphide and triphenylphosphine 

Compound £ or ~ (0.2g) was dissolved in carbondisulphide 

(20-30 cm3 ) and triphenylphosphine (0.18g) was added to it and 

refluxed on a water-bath for 30 min. Dark brown crystals 

separated out. It was centrifuged, washed with diethyl ether 

and dried ill vacuo. The compound in each case was analysed for 

L-RuC13 (cs
2

) (PPh
3

)
2
_/. 

Preparation of L Ru(£-aminobenzenethiolate) 3_7 from 

RuC13 .xH20 

RuC13 .xH20 (0.2g) was dissolved in methanol (10 cm3 ) 

and a soluti0n of o-aminobenzenethiol (0.2g) in methanol 
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(10 cm3 ) was added to it. The mixture was refluxed for 5 min. 

A compound separated out. It was cooled, centrifuged and 

washed with methanol and then with ether. It was analysed for 

RESULTS AND DISCUSSION 

L-Ru2cl
6

(Me 2so)
4
_/ 1, ill@£ L-RuC13 (Me 2so) 3_7 ~and 

~ L-RuC13 (Me2so) 3_/ ~are soluble in most of the organic 

solvents, viz. methanol, ethanol, acetonitrile and chloroform. 

Compound ~ is soluble in acetone and benzene also. Hence these 

compounds are suited for carrying out exchange reactions with 

other ligands in neutral type organic solvents. In water, 

however, these complexes dissociate. 

The reaction of ! 1 ~ and l with various donor ligands 

can be divided into three categories, ~· (i) where complete 

substitution of Me2so molecules took place, (ii) where only 

one Me 2so molecule was coordinated and (iii) where two Me 2so 

molecules were coordinated. The complete or partial substi-

tution of coordinated Me2so molecules depend on the reaction 

conditions and the nature of coordinating molec~les, which 

could be generalised in the following paragraph. 

In general, complete substitution of coordinated Me2so 

molecules took place, either when the incoming ligand was 

stronger coordinating than Me2so or when the reaction was 

carried out at higher temperature, generally at the refluxing 
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condition of the solvent. Examples of complete substitution 

of Me
2
so molecules due to stronger coordinating ability of 

ligand is found in case of P, As or s donor ligands at room 

temperature and at refluxing condition of the solvent. 

Complete substitution of Me2so takes place even in case where 

there is a nitrogen donor ligand or a nitrogen and sulphur 

donor chelate, at the refluxing condition of the solvent. 

Compounds containing one or two Me2so molecules are generally 

obtained when nitrogen or oxygen donor ligands are treated 

with 1, ~ or 1 at room temperature conditions. However, in 

some cases such compounds are obtained under refluxing 

condition of the solvent also. 

Reactions of L-Ru2cl6 (Me 2so) 4_7 1, ~ L-RuC13 (Me2so) 3_7 £ 

and~ L-RuC13 (Me2so) 3_/ l with 

Phosphorus, arsenic and sulphur donor ligands 

Reactions of 1, ~ and 1 with triphenylphosphine or 

triphenylarsine in varying molar ratios (from 1:1 to 1:6, 

complex : PPh3 or AsPh3 ) at room temperature or at methanol 

refluxing conditions resulted in the formation of 

L-RuC13 (MPh3 )
2

(cH30H)_/ (M = P or As) complexes, which are 

well characterized and reported by Stephenson and Wilkinson.5 

Complete substitution of Me 2so is due to the stronger coordi­

nating ability of PPh3 and AsPh3 compared to Me2so. Even when 

complex : MPh3 ratio was v~ried, in all cases, only 
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L-RuC1
3

(MPh
3

)
2

(cH
3
0H)_/ was obtained which implies that it 

is probably the most stable compound of ruthenium(III) with 

chloro and MPh3 groups in methanol medium. 

Reactions of 1, £ or l with sodium salt of diethyl­

dithiocarbamate at room temperature condition yielded 

L:Ru(Et2Nc~ 3_; which was obtained by the complete substi­

tution of both chloro and_Me
2
so groups from these complexes. 

The product L~u(Et2Nc~ 3_7 is well characterised and 

studied earlier. 22- 23 

A reaction of compound 2 or l with carbondisulphide 

under the refluxing condition of the solvent did not give 

any substitution of Me
2
so by a thiocarbonyl group or by 

carbondisulphide. Instead, the starting materials were 

recovered. However, when a reaction of ~ or l with carbon-

disulphide was carried out in presence of triphenylphosphine 

under refluxing condition, a dark brown coloured compound 

separated out, which was analysed for ~RuC13 (PPh3 ) 2 (cs 2 )~. 
This compound is same as reported by Ruiz Ramirez and 

Stephenson, 3 from the reaction of ~RuC13 (PPh3 ) 2 (cH3 0H)_7 
with carbondisulphide. Besides all the bands due to triphenyl-

-1 phosphine, it showed an absorption band at 1505 em , assigned 

to a 3 linearly bonded carbondisulphide group, and another 

band -1 A) at 332 em assigned to·y Ru-cl• The magnetic moment of 

the compound measured at room temperature Cfieff = 1.8 B.M.), 

confirms its behaviour as a low-spin d5 , ruthenium{III) 



Table III.1 Some Physical and Analytical Data of New Ruthenium(III) Complexes 

I I I I 

I : I !\ : 
I I IM I • I 

Compound : Colour : M P oc l I - eff at l M J.n l Analysis a(%) 
: • • I : L : i R.'I'. (BM) :n1cm2mol-1 ! -----·:------r-:------

~RuC13 (py) 2 (Me 2so)_7 Yellow 

LRuC1
3 

(py)
2

(Me
2
so)_l Green 

~RuC13 (phen) (Me
2
so)_/ Orange 

LRuC1
3 

(bipy) (:t-1e
2
so)J Orange 

LRu(acac) (Me
2
so)

2
cl

2
_7 Light 

brown 

~RuC13 (cs
2

) (PPh
3

)
2
_j€ Dark 

brown 

LRu (abt) 3_7 Violet 

~RuC13 (CH
3

CN)
2

(Me
2
so)_7 Yellow 

1 I I I c I H I N 
I I I : I I 

220-25 - 3b 

240d - 20b . 

240 1.8 3c 

250 - 6b 

215-20 - 3b 

180-85d 1.8 -
- - sc 

1.9 10c 

32.8 
(3 2 .s) 
32.2 

(3 2 .s) 
36.2 

(36 .1) 

32.2 
(32 .5) 

25.6 
(25. 3) 

55.2 
(54. 9) 

46.0 
(45. 3) 

19.4 
(19.5) 

4.1 
(3 .6) 

3.9 
(3 .6) 

2.9 
(3. 0) 

3.2 
(3. 2) 

4.8 
(4. 4) 

4.0 
(3. 7) 

4.2 
(4. 4) 

3e'O 
(3 .3) 

6.0 
(6. 3) 

6.1 
(6.3) 

5.9 
(6.0) 

6.3 
(6.3) 

8.8 
(8.8) 

7.3 
(7 .6) 

a, Calculated values are in parentheses; b, in acetonitrile; c, in chloroform; 

d, decomposes; e, ref. 3. 
~ 
CD 



Table III.2 

Compound 

L-RuC1
3

(py)
2

(Me
2
so)_7 

L-RuCl3 (py) 2 (Me2so)~ 

L-RuC1
3

(phen) (Me
2
so)_/ 

~RuC13 (phen) (Me2so)_/ 

Important infrared and electronic absorption bands of Rutheniurn(III) 

complexes containing Me
2
so and other ligands 

I ~-~~~ ~ -- --- ~-

1 
I ~ Infrared bands Electronic absorption bands in nm ( E. ) 
I 

: Colour . -1 1 
I l.n Cm I 
: CH3CN I CHCl 
I : 3 
L___ I I 

- -- --- ~~ _ _____) 

Yellow 

Green 

Brown 

Orange 

1105s, 1090sh, 

1065m, 1015m-s, 

423m, 345m, 330m 

1105s, 1090s, 

1065s, 1015m-s, 

426m, 380m 

351m, 330m. 

1090m-s, 423m, 

390m, 323m, 254m. 

1090m-s, 430m, 

343m, 285m 

465 (700) 

406 (2200) 

404 (3580) 

395 (3770) 

470 (740) 

408 (2450) 

620 (220) 

470 (930) 

405 (1620) 

404 (4060) 

395 (4130) 

405 (4070) 

395 (4280) 

Table III.2 continued 

~ 
\0 



Table III.2 continued 

. I 

Compound 

L-RuCl3 (CH3CN)
2

(Me
2
so)_7 

L-RuC1 3 (bipy) (Me2so)~ 

~Ru(acac) (Me2so) 2cl2_/ 

Colour 

Yellow 

Dark 
Orange 

Light 
Brown 

Infrared bands 

. -1 
~n em 

2315w, 2280m, 

1110s, 1090s, 

1020s, 331m. 

lllOs, l015m, 

420m, 321m. 

1570m-s, 1510m, 

1090s 

I 

: Electronic absorption bands in nm ( E ) 

I -----~--
I I 
I I 

: CH3CN : CHC13 
I I 

408 (5140) 404 (3530) 

404 (4540) 395 (3700) 

560 (50) 

U1 
0 
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complex. An EPR spectrum of the complex in the powder form 

at room temperature (Fig III.1) showed three g values, ~· 

g1 = 2.40, g 2 = 2.16 and g 3 = 1.81. This confirms once again 

the presence of ruthenium(III) in low-spin state and signifies 

rhombic distortion in the complex, which is eXPected too, 

due to the presence of three different types of donor sites 

in the complex. 

Reactions of !, ~ or l with £-aminobenzenethiol under 

refluxing methanol condition gave a completely substituted 

(both chloro and Me 2so groups) compound, viz. L-Ru{abt) 3_/. 

Here, complete substitution may be due to the stronger 

coordinating ability of the sulphur atom. The IR spectrum 

-1 of the complex in the region 1100-1000 em showed two weak 

bands which are due to £-aminobenzenethiolate. Further, no 

characteristic band due to 0-bonded Me2so was observed 

between 1000-900 cm-1 • This complex could also be obtained 

by the direct reaction of ruthenium trichloride with £-arnino­

benzenethiol in methanol. The IR spectrum of which was super-

imposable with that of the product obtained by the reaction 

of 1, 2 or 3 with o-aminobenzenethiol. - - - -
Oxygen donor ligands 

Reactions of compounds 1 or l with acetylacetone in a 

weakly basic medium under refluxing condition of toluene gave 



g/ 2.16 93 = 1.81 

22"25 2425 26"25 28'25 30"25 32•25 
H (GAuss) x 1cl 

3L;25 36"2~ 38·25 40"25 

' 

Fig lll.l. E P R SPECTRUM OF [RuC~(C~)(pp~)2] AT R T 
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a compound of the composition ~Rucl2 (acac) (Me2so) 2_/. The 

IR spectrum showed two strong bands at 1570 and 1510 cm-1 

which could be assigned toV CO of the 0-bonded type chelating 

acetylacetonato groups. 24 The presence of ~~2so molecules was 

characterised by a very strong band at 1090 cm-1 • It is 

evidently due to S-bonded Me 2so groups. There were no other 

-1 . bands in the region 1000 to 900 em confirmlng the absence 

of any 0-bonded Me 2so group. The IR spectra of the compounds 

obtained from the reactions of 2 and ~ with acetylacetone 

were superimposable, thereby confirming that the products 

obtained from the two isomers, ~· ~ having mostly 0-bonded 

Me2so groups and 1 having only S-bonded Me2so groups are one 

and the same, and that the Me2so molecules in the product 

are S-bonded. From the above reactions we may infer that the 

coordinating behaviour of Me2so in the products depend on 

the incoming ligand and not on the starting compounds. The 

non-conducting behaviour of the complex in acetonitrile 

confirms the formula L-RuC1 2 Cacac) (Me2so) 2~, where chloride 

ligands are covalently bonded. Reactions of 11 a and ~ were 

carried out with triphenylphosphine oxide and triphenylarsine 

oxide separately under room temperature and refluxing methanol 

conditions. In both the cases no substitution of Me 2so molecules 

took place and the starting materials were recovered. 
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Nitrogen donor ligands 

(a) Fyridine : The products obtained from the reactions 

of ! 1 ~ or 3 with pyridine are dependent on the reaction 

conditions and in some cases on the starting compounds. 

Reaction of ! and ~ with pyridine at room temperature, 

gave different products in each case, whereas reactions of 

compounds ! 1 ~ or ~ with pyridine under refluxing condition 

of methanol for 2 h gave L-Rucl 2 (py) 4_;. Reactions of pyridine 

with other compounds, 'Y.!!.• £RuC12 (FPh3) 3_7 or 

L-RuC13 (MP.h3 ) 2 (cH
3

0H)_/ (M = P or As) under similar conditions 

were reported to give ~RuC12 (py) 4_7~ Here, besides complete 

substitution of Me2so molecules by pyridine, there is reduc­

tion of ruthenium(III) to ruthenium(II) as well. L-RuC12 (py) 4_7, 

obtained as above, has a trans geometry which is reflected 

by the.far-IR and 1H NMR spectrum. 1H NMR spectrum showed a 

doublet at b 8.6, and two triplets at S 7.64 and b 7 .os, 
- ( ) -25 vlhich is similar to that reported for trans-L RuC1 2 py 4_/ • 

The far-IR spectrum is superimposable with the reported 

one. 25 

Reactions of compounds 1 or ~ with pyridine at room 

temperature yielded products which conform to the composi­

tion ~Rucl3 (py) 2 (Me2so)_7. The product from compound 1 

was a green isomer whereas from ~, a yellow one. The 

conductivity measurement showed a very low molar conductance 

value thereby conforming to the covalently bonded chlorides. 



The IR spectra of both the compounds (Fig III.2(a) and 

Fig III.2(b)) showed strong bands around 1100 cm-1 which 

could be assigned to~ S=O of the S-bonded Me 2so groups. 
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A band at 1065 cm-1 could be due to pyridine or a combina-

tion of pyridine and Me 2so bands. There were no strong bands 

in the region 1000 to 900 cm-1, characteristic of 0-bonded 

-1 f Me2so groups. A band at 1015 em could be assigned to r CH 

of the Me 2So group. 2 Characteristic bands due to coordinated 

pyridine groups were observed in both the complexes. The IR 

spectra of the green and yellow isomers showed bands at 

-1 426 and 423 em respectively, which could be assigned to 

-0 Ru-8 of the S-bonded Me 2so groups. Further, tae green 

isomer showed three bands at 380, 351 and 330 cm-1 which 

could be assigned to V Ru-cl• The presence of three absorption 

bands for V Ru-cl• indicate that two chloride ligands in the 

complex are arranged in the trans positions and the third 

ones is cis to both of them as in the case of mer isomer of 

L-MX3L3..J type 26 system. The yellow isomer has two absorptions 

at 345 and 330 -1 v em assignable to Ru-c1• The presence of 

two absorption bands for V Ru-cl is indicative that the three 

chlorides in the complex are arranged in the cis- form as 

in the case of fac isomer of L-MX3L3_7 type system. 26 

The EPR spectrum of the yellow and green isomers in 

powder form at room temperature showed a broad signal at 

'g = 2.25 and 2.21 respectively, which confirms the presence 
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of a low-spin rutheniurn(III), d5 system. The room temperature 

spectra are not much informative but spectra of the frozen 

solution of the two compounds in chloroform at liquid nitrogen 

temperature showed three g values around 2.5, 2.0 and 1.8. 

Hyperfine coupling due to ruthenium was also observed in 

these cases. A detailed study of the frozen solution EPR 

spectra will be taken up later. 

~) 
, 

2,2-Bipyridyl : A reaction of £or~ with 2,2-bipyridyl 

at room temperature resulted in the partial substitution of 

Me2so molecules leading to the formation of ~RuC13 Cbipy) (Me 2So)_i 

Compounds obtained from l or 3 were identical and their IR 

spectra were superimposable. The compound was non-electrolyte. 

The IR spectrum of the compound showed a strong band at 

1110 cm-1 assigned toV S=O of the S-bonded Me 2so group and 

a band at 1015 cm-1 due to fr CH of the Me2so molecule. 

Besides this, all characteristic absorption bands due to 

bipyridyl were present. However, no band of appreciable 

-1 intensity in the region 1000-900 em was present confirming 

the absence of 0-bonded Me2so groups. Spectrum in the far-IR 

-1 region showed bands at 420 and 321 em which could be 

assigned toV- Ru-s and~ Ru-Cl respectively. Thus, IR 

spectrum confirms the presence of S-bonded molecule. Room 

temperature EPR measurement of the powder sample showed a 

broad signal at g = 2.23 which confirms the presence of a 

5 low-spin ruthenium(III), d system. However, the spectrum 
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does not say much about the geometry around the metal 

ion. 

(c) 1 1 10-phenanthroline : The products obtained from the 

reaction of compound 1 with 1,10-phenanthroline at room 

temperature and methanol refluxing conditions were same, 

having brown colour and composition, l-RuC13 (phen) (Me2so)_7. 

The products obtained from the reaction of compound ~ or ~ 

with 1,10-phenanthroline under similar conditions were same 

having orange-yellow colour and composition, 

l-RU:Cl3 (phen) (Me 2so) _1. The brown and orange-yellow 

compounds may be isomers. Non-ionic nature of the compounds 

was confirmed by their molar conductivity measurements. IR 

spectra of both the compounds showed strong bands around 

-1 -' 1090 em , which could be assigned tov S=O of the S-bonded 

Me 2so molecule. In the far-IR region, the brown compound 
. -1 

showed absorptions at 423, 390, 323 and 254 em • The first 

band may be due to~ Ru-S whereas the rest three bands due 

to V Ru-cl• The orange yellow compound showed absorptions 
-1 at 430, 343 and 285 em • Here again, the absorption at 

-1 ~1 
430 em could be due to V Ru-S whereas the bands at 343 

and 285 cm-1 due to~ Ru-cl• The presence of three absorption 

bands due toV Ru-Cl in case of brown compound may be assigned 

to its structure where two of the chloride ligands are trans 

to each other and the third one ~ to them, and presence of 

two absorption bands due toV Ru-Cl in case of orange-yellow 

compound, may be due to the presence of all three chloride 
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ligands in the cis position. 26 (similar to green and yellow 

isomers of ~RuC13 (py) 2 (Me2so)_7 ). The magnetic moment of the 

orange yellow compound observed at room temperature was, 

~eff = 1.9 B.M., a value expected for low~spin d5 , 

ruthenium(III) complexes. Its EPR spectrum in powder form 

at room temperature showed two g values at 2.50 and 2.12. 

The structure proposed for this compound on the basis of 

far-IR would be in conformity with the EPR result, if one 

assumes that ligand field due to Me2so is similar to that of 

nitrogen donor 1,10-phenanthroline, hence two g values. 

Room temperature EPR spectrum of brown compound in powder 

form showed a broad signal at g = 2.27, confirming the 

presence of low-spin d5 system. 

(d) £-Phenylenediamine : Reactions of ~ or ~ with 

£-phenylenediamine, under refluxing condition of methanol 

gave a light orange compound, of the composition, 

~RuC12 (PDA) (Me 2so) 2_7. It is diamagnetic and showed IR 

-1 _\ 
absorption at 1065 em , assignable to~ S=O of the S-bonded 

Me 2so. There was no absorption of appreciable intensity in 

the region 1000-900 cm-1 , confirming the absence of any 

0-bonded Me2so group. The 1H NMR spectrum of the compound 

in (CD3 ) 2so (Fig III.3) showed two broad singlets at S 7.48 

and b 7.33, one singlet at b 6.1 and a sharp singlet at 

6 3.25. The signals at b 7.48 and b 7.33 may be assigned due 

to the o- and £-protons in o-phenylenediamine. 27 The signals 
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at b 6.1 may be due to the four protons attached to the two 

nitrogen atoms of the amino groups. In case, where the 

£-amino groups are not coordinated, the aromatic amino 
(' 27 

protons are expected in the range 0 3.6 - 4.7. However, 

due to the coordination of the nitrogen atoms to the metal, 

the electron density around the nitrogen atoms are reduced, 

thereby decreasing shielding of the protons at the nitrogen 

atoms and leading to a signal at lower field i.e. at a 

higher c5 value- ( 6 6.1). The signal at b 3. 25 is indicative 

of the S bonded Me2so groups. The ratio of the protons under 

b 3.25 and 8 6.1 is 3:1)confirming the presence of twelve 

protons of two Me2so groups (S-bonded) compared to four 

protons of the two amino groups of one a-phenylenediamine 

molecule. The presence of a singlet for two Me2so groups at 

b 3.25 is indicative of the presence of six methylprotons 

on each Me2so group in equivalent environments. Hence a 

structure for ~RuC1 2 (PDA) (Me2so) 2_/ with twoS-bonded 

Me2so groups in trans positions, two chloride ligands in cis 

positions and two amino-groups of a-phenylenediamine in 

cis-positions, is most probable. Preparation of a compound 

of the composition L-RuC1 2 (PDA) (Me 2so) 2_/, was reported by 

Evans ~ al., 2 by the reaction of £-phenylenediamine with 

L-RuC12 (Me 2so) 4_/. However, no physical measurements were 

reported. 
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(e) Acetonitrile : Reaction of !, ~ or l with acetonitrile 

(as solvent) at refluxing condition gave, in all cases a 

compound of the composition L-RuC13 (cH
3

CN) 2 (Me 2so)_/. The 

products obtained from all these compounds are same and 

are confirmed with superirnposable IR and visible spectra, 

melting points and the analytical data. Here complete 

substitution of the Me 2so molecules do not take place 

probably due to the weak coordinating ability of acetonitrile 

compared to Me2so. The molar conductance measurements of the 

complex showed a very low molar conductance value, confirming 

thereby the presence of all covalently bonded chloride 

ligands. IR absorption bands at 2315 and 2280 cm-1 could be 

assigned toY CN of the coordinated CH3CN molecules preferably 

in the~ positions.12 Two bands around 1100 cm-1 can be 

assigned to~ S=O of the s-bonded Me2so group. There were no 

bands of appreciable intensity in the region 1000-900 cm-1 

which could be due to 0-bonded Me 2so. A band at 331 crn-1 

was observed, which could be assigned to~ Ru-Cl in the 

complex. All other bands due to Me2so and CH3CN were also 

present in the spectra. Thus, the complex contains only 

S-bonded Me 2so group. 

ELECTRONIC SPECTRA 

The electronic absorption spectral data of the new 

ruthenium(III) complexes are presented in Table III.2. 



The spectra showed similar features in chloroform and 

acetonitrile solution. Generally, all the ruthenium(III) 

complexes have absorption around 500 nm and 400 nm with 

molar extinction coefficients of the order of 103 • High 
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values of £ for all these complexes are suggestive that 

these absorptions have more of charge-transfer character 

than the d - £ type. In case of the green isomer of 

~RuC13 (py) 2 (Me2so)_7, an absorption band at 620 nm with 

€ = 220 and in case of L-Ruc12 (acac) (Me 2so) 2_/6 a band 

at 560 nm with ~ = 50 was observed. These bands have rela-

tively low value of ~ and hence may be due to d - ~ 

transition (2T2 to 2A2, 2T1 or 2T2 type). The electronic 

absorption bands for the ruthenium compounds are similar to 

other ruthenium(III) complexes. 28 All the compounds, for 

which electronic absorption bands are presented in Table II .I_ .. 2 

have six coordination around ruthenium(III). However, there 

is considerable lowering of symmetry from Oh due to the 

presence of different mono or bidentate ligands. Absorption 

bands with high value of E. for such low symmetry ruthenium (III) 

complexes, cannot be assigned tod-d transitions alone, which 

may be obscured by charge-t.ransfer bands in these regions. 28 
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CHAPTER IV 

SYNTHESIS AND CHARACTERIZATION OF 

~RuBr3 (Me2so) 3_7 AND ~RuBr2 (Me2so) 3_/ 
AND THEIR USE AS PRECURSORS FOR THE 

SYNTHESIS OF RUTHENIUM(III) AND 

RUTHENIUM(II) BROMO COMPLEXES 

Synthesis and study of the complexes of rutheniurn(II) 

and ruthenium(III) containing chloride as one of the ligands 

and other mono- or multidentate ligands have been carried 

out in greater detail due to the easy availability of the 

source material, viz. commercial ruthenium trichloride, 

RuC13 .xH2o. Similar to ruthenium trichloride, its bromo­

analogue, ~· ruthenium tribromide is not available 

commercially. Hence, synthesis and study of the complexes 

of rutheniurn(II) and rutheniurn(III) containing bromide as 

one of the ligands and other mono or multidentate ligands 

have not been carried out in detail. 1 

Complexes of ruthenium(II) and rutheniurn(III) containing 

chloride and Me2so ligands studied, are~ z-RuC12 (Me2so) 4_72' 3, 

- ~s r ) ~ ~and~ L RuC13 (Me2so) 3_;' , ~ Ru2cl6 (Me2so 4_;, 
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~Ru2cl4 (Me2so) 5~, 6 L-NMe2H2~~RuC13 (Me2so) 3~7 , and 

- -8 M L RuCl
4

(Me2so) 2_/ (where M = Na or Bu4N). Some of the 

above mentioned compounds have been used as precursors for 

the synthesis of other ruthenium(II) and ruthenium(III) 

cornplexes. 3 ' 6 ' 9- 11 The only ruthenium(II) or ruthenium(III) 

complex containing bromide and Me2so ligands, reported is 

;- - 2 12-14 trans L RuBr2 (Me2so) 4_/, ' having all S-bonded Me2so 

groups. No report is available on ruthenium(III) complexes 

containing bromo and Me2so ligands. z-RuBr2 (Me2so) 4~ has 

been used as precursor for the synthesis of some ruthenium(II) 

bromo con~leJces of the type, ~RuBr2 (Me2so) 3 L~, (L = PPh3 , 

AsPh3 , PBu3 or P(OBu) 3 , ~RuBr2 L4_7 (L = py or CH3CN) and 

~RuBr2 (Me2so) 2 (diphos)_7. 15 z-RuBr
2

(Me2so)
4
_7 has been 

found to have better activity con~ared to £i2 ~RuC1 2 (Me2so) 4_7, 
as molecular oxygen oxidation catalyst towards thioethers 

to give sulphoxides. 15 ' 16 

T.he synthesis of complexes containing bromide as one 

of the ligands is achieved by one of the following methods: 

(i) reaction of RuBr3 (obtained from the reaction of rutheni~m 

oxide with HEr also) with the ligand, 2 ' 13 ' 17 (ii) generating 

RuBr
3 

or bromoruthenate(III) in situ using RuC13 or chloro­

ruthenate(III) and LiBr, NaBr or HEr and treating with the 

ligand, 18- 23 (iii) metathesis of the chloro, hydroxo or 

hydride group to bromo group using LiBr, NaBr, Iillr, HBr or 

Br
2

21 , 22124- 30 in the complex, (iv) reaction of a complex 
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HB 31-33 containing oxalate group with r, 1 and (v) substitution 

of one or more ligand (L) molecules in a bromo complex of the 

type, L-RuBr
3

L3_1, ,["RuBr3L
2 

(Me0H)_7 (where L = PPh3 or AsPh3), 

~RuBr2L3_7 (L = PPh3) or L~uBr2L4_7 (where L = Me2so) by 

other ligands. 12 , 15134 Table IV.1 describes different pre­

parative methods for the complexes of ruthenium(III) and 

ruthenium(II) containing bromide and other mono- or bidentate 

ligands. I 
Out of the above mentioned five methods, method (ii), 

(iii) and (v) are more frequently used. In method (v), ·the 

ligand L substituted in the complexes are PPh3 , AsPh3 or 

Me2so. Complete substitution of PPh3 or AsPh3 by weak donor 

ligands is generally not successful. However, Me2so containing 

complexes may be good for such purposes. In this Chapter, we 

have described the synthesis and characterization of one 

ruthenium(III) complex,~· ~RuBr3 (Me2so) 3_7 and other 

ruthenium(II) complex,~· L-RuBr2 (Me2so) 3_7. These two 

complexes have been used as precursors for the synthesis of 

other ruthenium(III) and ruthenium(II) complexes. 

~RuBr2 (Me2So) 3_7 is a potential molecular oxygen oxidative 

- J 15 16 catalyst also, as L RuBr2 (Me 2so) 4 • ' 



Table IV.1 Complexes of Ruthenium(II) and Ruthenium(III) containing Bromide 

and other Monodentate or Bidentate Ligands 

--------,----------------------------------y---------------------------------------r-----------------------. I I I I 

Sl.No : c 1 : P t. : Physical : R f 
1 omp ex 1 repara ~on 1 P rti 1 e erences 
1 1 1 rope es 1 

1. 

2. 

3. 

4. 

I I I I 
L__ _____ -- -·· ---~- .-- I. I .. I 

trans ~RuBr2 (Me2so) 4~ 

trans ~RuBr2 (py) 4_7 

cis C'RuBr
2 

(py) 
4
_7 

C'RuBr2 (PP.h3)n_7 
(n = 3,4) 

(i) RuBr3 + Me
2
so + H

2 

(ii)Ru2o3 .xH20 + HBr. + Me 2SO 

(iii)~RuBr3 (AsPh3 ) 2MeOH~+Me2SO 

(i) RuBr3 + ~ + PY 

(ii) ,,{'RuBr
2 

(PPh
3

) 
3
J + py 

(iii) CRuBr
2 

(Me
2
so) 

4
_7 + PY 

~Ru(py) 4 (ox)_7H2 o + HBr 

RuCl3 .xH20 + LiBr + PPh3 

IR, UV-VIS, 

X ray, 1H NMR 

cv 

IR 

IR, 1H NMR 

IR, UV-VIS, CV 

far IR, Raman 

1H NMR 

MW 

Table IV.1 continued 

2,14 

13 

12 

17 

12 

15 

31 

18 

0'1 
-..J 



Table IV.1 continued 

· Sl.No 

s. 

6. 

7. 

a. 

9. 

10. 

r - ---------- -, 
I I 

Complex 
I 
I 
I 
I 
I 
I 

Physical 
Preparation properties 

I 
I 
I 
I 

: Reference 

I I I I .1-.---- ---~ __ I I I 

LRuBr 3 (AsPh3 ) 
3
J 

£Ru(NH3 ) 5Br~r2 

£RuBr 2 (L-L) 2J 
(L-L = diars, dmpe or 

depe) 

LRuBr 3 (AsMePh2) 3J 

~ ,L-RuBr3L3J 
(L = PMe

2
Ph, PEt

2
Ph) 

C"RuB~3 (PPh3 ) 2 (H2 o)_/H2o 

RuCl3 .xH20 + HBr + LiBr + AsPh3 

RuCl3 .xH20 + HBr + NH2NH
2

.H
2

0 

RuCl3 + NaBr + L-L 

K2 £RuCl5 (H
2
0)_/ + HBr + AsMePh2 

£RuCl3 L3_/ + LiBr 

Me4N LRuC14 (PPh3 ) 2_7 + LiBr 

AM' fl- I M, 19 

IR, UV-VIS 

IR 20 

fL 21,22 

23 

IR 24,25 

j"f-,IR 26 

Table IV .1 contiaued •• 

m 
()) 



Table N .1 continued 

1~ I I 
t • • • 
I I 1 I 

s 1 No 1 1 1 Ph · 1 1 

• : Complex : Preparation : :ys~ca :References 
• : : Properties : 

t t I 

I -~ ------------------~------------------

11. ~RuBr3 (PhSR) 3_7 
(R = Me, Et, n-propyl) 

12. ~Ru(diars) 2Br2_7clo4 

13. ~Ru(L-L) 2Br2J 
(L-L-= dmpe, depe) 

14. ~RuBr2 (QAS)J 

15. ~ ~Ru(C0) 4Br2~ 

16. L-RuBr2 CNH3 ) 4_/nr.a2o 

17. A ~RuBr4 (aniline) 2~ 
A = Me4N, c 6HSNH3,c5H6N 

~RuC13 (PhSR) 
3
_7 + LiBr IR, UV-VIS, 

1H NMR, EPR 

~Ru(diars) 2cl2_7+HCl04 +Br2 r 
~Ru(L-L) 2cl2_7 + KBr 

t: 

~RuC12 (QAS)_7 + NaBr XM' UV-VIS 

L-Ru(co)
4
a

2
_7 + Br

2 
IR 

~Ru(OH)Cl(NH3 ) 4_7cl.H20+HBr+KBr 

A L-Ru (OX) 
2 

(aniline) 
2
J + HBr IR, VIS,~ 

27 

21 

22 

28 

29 

30 

32 

Table IV.1 continued •••• 0\ 
\.0 



Sl 

No 

18. 

19. 

20. 

21. 

Table IV .1 continued •• 

.----- -

I 
I 
I 

Complex 

~ ~RuBr2 (en) 2~r.a2o 

~RuBr3 (AsPh3 ) 2~ 

~RuBr3 (MPh3 ) 2L~ 
(M = P, As 

(L = CH3CN, PhCH
2

CN, 

PhCN, CH2CHCN, 

Me2so, Et
2
s,cs,THF) 

~RuBr3 (MPh3 )L2_7 
(M=P, As 

(L2= (py) 2' (Me2S) 2' 
phen, bipy) 

1 I 
I I : 
I I I 
I I 1 I 

: : Physica 'Reference • Preparation • Properties : 
1 I I 
1 I I 

I I -------------~------------1 L___ I 

~Ru.OX(en) 2~~Ru(OX) 2en~.2H2o + HBr 

, 

~RuBr3 (AsPh3 ) 2 (MeOH)_7 + C6H6 

~RuBr3 (MPh3 ) 2 (MeOH)~ + L 

~RuBr3 (MPh3 ) 2 (MeOH)~ + L2 

uv-vrs, IR 

far-m., J1-, 
1 H NMR, EPR, 

VIS, m.·, 
1H NMR 

VIS, IR, 

1H NMR 

Table IV.1 c0ntinued ••• 
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12 

12 

12 
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Table rv .1 continued 

I I J 
I I I I 
I I I I 

Sl- 1 1 1 Phy ical • : Complex l Preparation : s ~ References 
No I I I p rt' I 1 1 , rope ~es , 

I I I I 
I 

22. LRuBr2 CMPh
3

) 2 (bdk)J 

MPh
3 

= PPh
3

, AsPh
3 

bdk = acac, dbm, ba 

23. ~RuBr2 (Me2so) 3L~ 

24. 

25. 

(L = PPh3, AsPh3 , PBu3 and 
P(0Bu) 3 ) 

~RuBr2 CMe2so) 2 (diphos)~ 

trans ~RuBr2 (cH3CN) 4_7 

(i) ~RuBr3 (AsPh3 ) 3_7 + bdk 

(ii) ~RuBr 3 (MPh3 ) 2 (MeOH) J + bdk 

M = P or As 

~RuBr2 (Me2so) 4~ + L 

~RuBr2 (Me2so) 4~ + diphos 

~RuBr2 (Me2so) 4_7 + CH3CN 

IR 1 VIS 1 ~· 

m, uv-vrs, 
1H NMR, CV 

IR, w-vrs, 
1

H NMR, CV 

IR, uv-vrs 
1

H NMR, CV 

34 

15 

15 

15 

.....:1 

...... 
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EXPERIMENTAL 

All the solvents were distilled before use. Ruthenium 

trichloride trihydrate was obtained from Aurora Matthey Ltd, 

Calcutta. Analytical data and all physical measurements were 

obtained as described in Chapter II and Chapter III. Analyti-

cal data, melting point, molar conductance data and magnetic 

measurement results are presented in Table IV.2. Important 

IR and electronic absorption bands are presented in Table IV.3. 

1H NMR spectral data are given in Table IV.4. The analysis for 

35 bromide was carried out by the standard method, the details 

of which are described below. 

ESTIMATION OF BROMIDE 

An accurately weighed amount of the complex was decom-

posed by heating with a melt of KN03 and KOH mixture (1:8) 

at around ~800°C. It was cooled and extracted with distilled 

water and then acidified with dilute HN03 • It was then digested 

on a water-bath for about 30 min and filtered. Silver nitrate 

solution (0.1M) was added to precipitate silver bromide. The 

mixture was digested slowly on a water-bath for about 30 min 

for coagulation of the precipitate keeping away from light. 

The precipitate was filtered through a sintered glass crucible 

(G-4), washed with very dilute HN03 (1:100) to free from 

silver nitrate and dried to a constant weight at 120°C. The 
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precipitate was weighed as silver bromide. Analytical data are 

presented in Table IV.2. 

Hydrated ruthenium trichloride (0.25g, 1 mmol) was 

dissolved in cone. HBr (5 cm3), to which LiBr (1g) was added. 

The mixture was warmed on a water bath to get a clear solution. 

The solution was centrifuged and dimethylsulphoxide (1.5 cm3 ) 

was added to the clear solution and refluxed in an oil-bath 

(130-140°C) for 5 min (longer time refluxation results in the 

separation of an insoluble compound). Dark violet crystals 

separated out. The produc·t was cooled, centrifuged and the 

compound was washed 2-3 times with water followed by ethanol 

aDd dried ig vacuo. It was analysed for ~RuBr3 (Me2so) 3_7. 
Yield, 0.45g (80%). 

Hydrated L-uthenimn trichloride (0.25g, 1 mmol) was dissolved 

in ethanol (20 cm3), to which LiBr (2g) was added and refluxed 

for 30 min. To the clear solution dimethylsulphoxide (1.5 cm3) 

was added and refluxed for another 2 h. The solution was con­

centrated to small volume (5 cm3 ) on a water bath and cooled 

to 0°C. A yellow compound separated out. The mother liquor, on 

concentration and on addition of acetone gave more of the 

yellow compound. The compound was 'Vvashed 2-3 times -vlith ethanol, 
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then with ether and dried in vacuo. It was analysed for 

(i) With triphenylphosphine and triphenylarsine 

(a) To a solution of ~RuBr3 (Me2so) 3_7 (0.3g, 0.5 mmol) 

in ethanol (10 cm3 ), triphenylphosphine or triphenylarsine 

(0.4 to o.sg, 1.5 mmol) in ethanol (10 cm3) was added and 

stirred at room telT(perature for 3 h. Dark purple colT(pound 

separated out. It was centrifuged, washed with little ethanol 

and then with ether and dried in vacuo. The compound was 

analysed for ~RuBr3 (MPh3 ) 2 (Me 2so)_7 (M = P or As). 

(b) A reaction similar to above (a) was carried out 

under refluxing condition of the solvent, when ~RuBr3 (MPh3 ) 3_7 
(M = P or As) was obtained. 

(ii) With pyridine 

(a) To a clear solution of L-RuBr3 (Me 2so) 3_7 (0.3g) in 

toluene (10 cm3), pyridine (0 .s cm3 ) was added and stirred at 

room temperature for 1 h. The solution was cooled to 0°C for 

2-3 h, when violet compound separated out. It was centrifuged, 

washed with ether and dried .:hE, vacuo. 'rhe compound was analysed 

for ~RuBr3 (py) (Me2so) 2_7. Yield, 0.24g (80%). 
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(b) A reaction similar to (a) above 1 using methanol as 

solvent was carried out where solution was refluxed for 1 h. 

Light brown crystals separated out and collected as in (a) 

above. It was analysed for t-RuBr3 (py) 3_7. Yield o.25g (83%). 

(c) A reaction similar to (a) above, using methanol as 

solvent '!tlith excess pyridine ( -- 5 cm3 ) was refluxed for 3 h. 

Dark brown crystals separated out and collected as above. It 

was analysed for L-RuBr2 (py) 4_7. Yield, 0.2g (66%). 

(iii) With 2-methyl pyridine 

2-methyl pyridine (0.5 cm3 ) was added to L-RuBr3 (Me2so) 3_7 

(0.3g) and the mixture was warmed on a water-bath for 30 min 

to get a clear solution. It was cooled and diethyl ether was 

added to precipitate a green compound. It was centrifuged, 

washed with ether and dried in vacuo and was analysed for 

(iv) With 2,2'-bipyridyl 

~RuBr3 (Me2so) 3_7 (0.3g, 0.5 mmol) was dissolved in 

ethanol (20 cm3 ), to which 2,2 1 -bipyridyl (0.1g, 0.6 mmol) 

was added and refluxed on a water bath for 10 min. The solution 

was concen"crated to small volu..me ( ,....... 5 en?) when crystalline 

compound separated out. It was centrifuged, washed first with 

ethanol and then with diethyl ether and dried in vacuo. It 

was analysed for ~RuBr3 (bipy) (Me2so)_7. Yield, o.18g (60%). 
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(v) With o-phenylene.:iiamine 

(a) To a clear solution of L-RuBr3 (Me 2so) 3_/ (0.3g, o.s rnrnol) 

3 in toluene (10 ern ), 2-phenylenediamine (0.12g, 1 mmol) was 

added. The mixture was warmed on water bath for 10 min. Reddish 

brown compound separated, 'l.vhich was centrifuged, washed with 

ethanol-ether mixture and dried 1£ vacuo. It was analysed for 

L-RuBr2 (PDA) (Me 2so) 2_7. Yield, 0.2g ( 74%). 

(b) A reaction similar to (a) above was carried out by 

taking L-RuBr3 (Me2so) 3_; and PDA in molar ratio 1:1, vihen a 

dark red compound separated out. The compound is soluble in 

most of the organic solvents. It was washed carefully with a 

small quantity of ethanol and dried in vacuo. It. was analysed 

for L-RuBr2 (PDA) 2 (Me2SO) 2_/:sr. Yield, o.3g, (80%). 

(vi) With sodium diethyl di·thiocarbarnate 

(a) To a clear solution of L~uBr3 (Me 2so) 3_/ (0.3g, 

o.s mmol) in toluene (15 cm3 ) sodiQ~ diethyldithiocarbamate 

(0.12g, 0.5 rnrnol) was added and the mixture was refluxed on 

an oil-bath for 30 min (110-15°C). The solution was cooled, 

centrifuged and concentrated to small volume ( ~s cm3 ) on 

water bath. Petroleum ether (60-100°C) was added when brown 

complex precipitated. The mixture was cooled to 0°C for 6 h. 

It was centrifuged, washed with ether and dried in vacuo. The 
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(b) A reaction similar to the above (a) was carried out by 

taking L-RuBr3 (Me 2so)
3
_/ and sodium diethyldithiocarbamate in 

the molar ratio (1:3) and refluxing the solution for 2h. The 

compound obtained was analysed for L-Ru(Et 2Ncs 2) 3_7. 

(vii) With carbon disulphide and triphenylphosphine 

To a clear solution of L:RuBr3 (Me2so) 3_7 (0.3g, 0.5 mmol) 

in carbon disulphide (20 cm3 ), triphenylphosphine (0.4g, 1.5 mmol) 

was added and refluxed for 1 h. Dark reddish brown crystals 

separated. It was cooled, centrifuged, washed with ether and 

dried in vacuo. The compound was analysed for L-RuBr2 (cs2 ) (PPh3 ) 3_/3r. 

(viii) With acetylacetone 

A solution of ~RuBr3 (Me 2so) 3_7 (0.3g) was made in toluene 

(20 cm3). Acetylacetone (0.5 cm3 ) and triethylamine (0.5 cm3 ) 

were added to the solution and refluxed in an oil bath for 2 h. 

The solution was cooled, filtered and concentrated slowly to 

about 2 cm3 • Light petroleum ether (40-60°C) was added to preci-

pitate a purple compound. It was centrifuged, washed with ether 

and dried in vacuo. The compound was analysed for L-Ru(acac) 3~. 

(i) With tripheny~phosphine 

(a) To a solution of L-RuBr2 (Me 2so) 3_/ (0.2g) in methanol 

(10 cm3 ), a solution of PPh3 (0.2g) in methanol (5 cm3 ) was added 
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and the mixture was stirred at room temperature for 2 h. A 

reddish brown compound separated out. It was centrifuged, washed 

with ether and dried in vacuo. The compound was analysed for 

L-RuBr2 (PPh3 ) 4_7. ~ield 0.45g (85%). 

(b) A reaction similar to the above reaction (a) was 

carried out, where the solution was refluxed for 10 min. When 

a compound, same as in reaction (a) separated out. 

(ii) With pyridine 

(a) Pyridine (0.5 cm3 ) was added to a solution of 

L-RuBr2 (He2so) 
3
_1 (0.2g) in methanol (10 cm3 ) and the mixt.ure 

was stirred at room temperature for 3 h. A yellovl compound 

separated out which was isolated as in above (i). The compound 

was analysed for the composition, ~RuBr2 (py) 2 (Me2so) 2_/. 
~ield 0.2g (90%). 

(b) Pyridine (0.5 cm3 ) was added to a solution of 

~RuBr2 (Me2so) 3_7 (0.2g) in methanol (10 cm3 ) and the solution 

was refluxed for 1 h. The solution on concentration ( ~ 5 cm3) 

and cooling to room temperature, resulted in the separation of a 

brown crystalline compoLmd of the composition, L-RuBr2 (py) 4_7. 

This vTas centrifuged, washed with methanol and then with diethyl 

ether and dried in vacuo. Yield 0.18g (85%). 
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(iii) With 1,10-phenanthroline 

(a) L-RuBr
2

(Me
2
so) 3_/ (0.2g) was dissolved in methanol 

(10 cm3 ) and a solution of 1,10-phenanthroline (0.12g) in 

methanol (5 cm3 ) was added to it. The solution was stirred at 

room temperature for 10 min. Dark yellow coloured compound 

separated out. This was centrifuged, washed \'lith methanol and 

ether and dried in vacuo. The compound was analysed for 

(b) A reaction similar to (a) above with excess of 

1,10-phenanthroline (0.24g) was carried out by refluxing on a 

water-bath for 1 h. Dark orange solution was obtained which was 

concentrated to small volume ( ~2 cm3). Diethyl ether was added 

to precipitate a dark orange coloured compound. It was centri-

fuged, washed with methanol and then with diethyl ether and 

dried in vacuo. The compound was analysed for ~Ru(phen) 2Br2_/. 
Y2eld o.18g (-70%). 

(iv) vJith 2,2 1 -bipyridyl 

To a solution of ~RuBr2 (Me 2so) 3_7, (0.2g) in methanol 

(10 cm3), 2,2'-bipyridyl (0.1g) in methanol (5 cm3 ) was added 

and the mixture was stirred at room-temperature for 2 h. The 

volume of the solution was reduced ( .--1 cm3 ) 1 at room temperature, 

and diethyl ether was added to precipitate a dark bro\vn coloured 

compound. The compound was centrifuged, washed with methanol 
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followed by diethyl ether and dried ~ vacuo. The compound was 

analysed for ~RuB~~bipy) (Me 2so) 2_/. Y2eld 0.16g (70%). 

(b) A reaction similar to the above, was carried out by 

taking L-RuBr2 (Me2so) 3_7 and 2,2'-bipyridyl in the molar ratio 

1:2, and refluxing on a water-bath for 2 h. The orange coloured 

compound was precipitated by adding diethyl ether to concentrated 

(~2 cm3 ) solution. It was analysed for ~Ru(bipy) 2Br2_/. Yield 

0 .15g (.- 65%). 

RESULTS AND DISCUSSION 

The only reported bromide complex containing dimethyl-

- - 2 12-14 sulphoxide ligand is L RuBr2 (Me 2so) 4_/. 1 We report here, 

two new complexes,~· ~RuBr3 (Me2so) 3_7 and L-RuBr2 (Me 2so) 3~, 
a ruthenium(III) and ruthenium(II) complex respectively. 

The analytical data (Table IV.2) of a dark violet 

compound, obtained by treating ruthenium trichloride with 

dimethylsulphoxide in presence of lithium bromide and hydrogen 

bromide conform to the composition ~RuBr3 (Me2so) 3_7. It showed 

very low molar conductance ( 5Jl-1cm2mol-1 ) in acetonitrile 

conforming all covalently bonded bromide. The IR spectrum of 

the compound (Fig. rv.1) throws light on the nature of coordi­

nation of Me2so with ruthenium. The spectrum showed a band of 



Table IV .2 Some analytical and physical data of some Ruthenium(III) 

and Ruthenium(II) bromo complexes 

Analysisa(%) I 

M.P. I 
I 

Compounds :Colour I '-
I oc I I I 

I I ' I 
I c I H I N I Br I I I I 
I I I I 

I I 

1. ~RuBr3 (Me 2so) 3_7 Dark 250 12.4 3.0 - 40.8 
violet (12.5) (3 .1) (41. 7) 

2. L-RuBr3 (py) 3_/ Light 31.1 3.0 7.0 41.1 
brown (31.1) (2. 6) (7 .3) (41.5) 

3. ~RuBr3 (py) (Me2so) 2_/ Violet 140 19.0 3.0 2.3 -
(18.8) (3 .o) (2 .4) 

4. L-RuBr3 (Me-py) (Me2so) 
2
J Green 180-185 19.5 3.0 2.4 -

(19. 4) (3 .1) (2. 3) 

5. L-Ru(bipy) (Me2so)Br3_7 Dark 240 25.2 2.5 4.5 -
brovm (25. 0) (2. 4) (4. 9) 

6. LRuBr 2 (PDA) 2 (Me 2so)2_7Br Reddish 190-195 27.2 3.8 7.6 -
brown (27. 0) (3. 9) (7 .e) 

--I 
I 
I 

: Conduc- I 
f-eff at I 

I 

: tance in I 
I RT (BM). 

I -1 2 -1: 1..0. em mol I I 

5b 2.1 

3c 

- 2.0 

- 1.92 

lOb 

128b 

Table IV.2 continued ••• 
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Table IV.2 continued 

r -.- I 
I I I 
I I I 
I I I 
I I M.P. I 

Compound :Colour L 
I I 

' I 
I oc I 
I I 
I I 

I I I 
_L~- -~ I I 

7. ~RuBr2 (PDA) (Me 2so) 2~ Light 200-205 
pink 

8. L-Ru(Et2Ncs2) (Me2so)
2
Br

2
_7 Brown 250 

9. L-RuBr2 (cs2 ) (PPh
3

)
3
_7Br Reddish 195-200 

brown 

10. ~RuBr2 (Me2so) 3_7 Yellow 220-225 

11. L-RuBr2 (py) 2 (Me 2so)~ Dark 185-190 (d) 
yellow 

12. £RuBr 2 (phen) (Me2so~2J Yellow 230-235(d) 

--~---1 

Analysisa(%) 
I 
I 
I 
I Conduc- I 

(-1-eff at I 
I I I I I 
I I I I ·tance in I 

c I H I N I Br I I RT (~M) I I I 
I 1 2 -11 

I I I 1 fl- em mol 1 
I I I I I 

-~~~-- I 

22.9 4.0 5.1 6b D 
(22.8) (3. 8) (?. 3) 

18.7 3.4 2.7 2.5b 
(19 .1) (3. 9) (2 .5) 

54.7 3.7 - 112b 1.65 
(54. 9) (3. 7) soc 

14.3 3.5 31.8 8b D 
(14-.S) (3 .6) (32.3) 

29.0 3.5 4.6 5b D 
(2 9. 2) (3 .8) (4. 9) 

31.8 3.0 4.3 8b D 
(3 2.1) (3 .3) (4. 7) 

Table IV. 2 continued 
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Table IV. 2 continued 

• I I I 

Analysisa(%) I Conduc-I 

Compound : Colour I M.P. 1- -· I 
I I I I I I tance in I I I I I oc I c I H I N I Br I -1 2 -1 I I I I :.Jl em mol I I I I 

13. ~RuBr2 (bipy) (Me
2
so)

2
_7 Dark 2 00-205 (d) 29.0 3.0 4.5 3b 

brown (29.3) (3 .5) (4. 9) 

14. ~RuBr2 (phen) 2_7 Dark - 45.3 2.4 8.6 lOb 
Orange (46. 3) (2. 6) (9.0) 

15. L-RuBr2 (bipy)
2
_/ Orange - 41.4 2.5 9.3 12b 

(41.9) (2.8) (9.8) 

a, Calculated values are in parentheses 

b, iD acetonitrile; c, in chloroform; 

d, decomposes ; D, diamagnetic 

I 
I 
I 
I 
I . 

~eff at 

RT (BM) 

D 

(J) 
w 



Table IV .3 Important IR and electronic absorption bands of Ruthenium(III) 

and Ruthenium(II) complexes containing Me 2so and other ligands 

Compounds 

~RuBr3 (Me2so) 3_7 

~RuBr3 (py) (Me
2
so)

2
_7 

L-RuBr
3

(Me-py) (Me
2
so)

2
_7 

IR 

bands in 

-1 em 

1030m-s, 970s, 

468m, 295w 

965m, 

292w, 

990s, 

478m, 

447w, 

245w 

970s, 

Electronic absorption bands 

nm ( E max) 
I ----- ~------

CH
3

CN 

602(1150) 

520(2900) 

490 (2500) 

395 ( 950) 

440( 990) 

\ in /\max 

CHC1
3 

620 (1200) 

540(2300) 

500(2150) 

395 ( 800) 

588(1270) 

526(1700) 

476(2900) 

400 ( 950) 

Table IV.3 continued 
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Table IV. 3 continued 

I~~ 

I 
I ! 

IR I 
I 

Compound I 
I bands in I 

I 

-1 I 
I em I 
I 

~RuBr3 (bipy) (Me
2
so)_7 970s, 479m-s, 

458, 292w, 

275w 

~RuBr2 (PDA) 2 (Me 2So) 2_/Br 1120s 

L-R~(Et 2Ncs 2 ) (Me
2
so)

2
Br

2
_/ 1080s, 1530m-s 

L-Ru(cs
2

) (PPh
3

)
3
Br

2
_7Br 1510m-s 

~RuBr2 (Me2so) 3_/ 1097s, 1030m 

423m, 247w 

~RuBr2 (PDA) (Me
2
so)

2
_7 1130s 

Electronic absorption bands 

-- --- ---- --------- --

CH
3

CN 

570 ( 700) 

500 (2500) 

425 (1800) 

-

-

656 ( 210) 

485 (2850) 

365 ( 330) 

220 (37000) 

---~ 

)I max in nm ( ~ max) 

I 
I 
I 
I CHC13 I 
I 

575 (1050) 

500 (2600) 

481 (2750) 

420 sh 

495 

465 (1350) 

510 {3900) 

390 (1850) 

Table IV.3 continued ••• 
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Table IV. 3 continued 

Compounds 

L-RuBr2 (py) 2 (Me
2
so)

2
_7 

~RuBr2 (phen) (Me2so)
2
_7 

~RuBr2 (bipy) (Me2so) 2_/ 

IR 

bands in 
-1 em 

Electronic absorption bands /t in nm ( (. ) max max 
I 
I 

CH
3

CN : 
I 

I--- -~I 

1180s, 1060s 

1075s, 1060s 

425m 

1080s, 1060s 

s, strong; 

m, medium; 

w, weak 

CHC1
3 

00 
0\ 
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-1 1 medium intensity at 1030 em and a strong band at 970 em- • 

The former can be assigned to f (CH), whereas the latter to 
r 

V S=O (0-bonded) of the Me 2so groups. 3 Bands at 468 cm-1 and 

295 cm-1 in the far IR region may be assigned toV 36137 
Ru-0 

d -'I 38 t. 1 Th t t t. t an ·v Ru-Br respec ~ve y. e room empera ure magne ~c momen 

value of the complex ( f'd-eff) observed, was 2.1 B .H., confirming 

the presence of a low-spin d 5 Ru(III) system. The room tempera-

ture EPR measurement of the compound in the powder form showed 

a broad signal at g = 2.2. A frozen solution EPR spectrum in 

dichloromethane at liquid nitrogen temperature also showed a 

broad signal at g = 2··12 which means that the symmetry around 

ruthenium(III) is close to that of a cubical one, which is 

possible if one assumes that the 0-bonded Me2so groups and the 

bromides have similar ligand fields. With these information, 

it is not possible to clearly assign a facial or a meridional 

geometry to the complex. With the help of above measurements 

it is inferred that ~RuBr3 (Me 2so~7 is the first example of 

ruthenium complex containing bromide and dirnethylsulphoxide 

having all three 0-bonded Me2so groups. other reported compounds 

viz., t.wo isomers of £RuBr
2 

(Me
2
so) 

4
J have either completely 

s-bonded12 or both s- and O-bonded13 Me2so groups. 
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With Phosphorus and Arsenic donor ligands 

Reactions of L-RuBr3 (Me 2so) 3_/ with triphenylphosphine or 

triphenylarsine gave either complete or partial substitution of 

dirnethylsulphoxide depending on the reaction conditions. 

Reactions at room temperature resulted in the formation of 

£RuBr3 (MPh3) 2 (Me2so)_7 (M = P or As) vThereas at refluxing 

condition of ethanol yielded completely substituted complexes, 

viz. L-RuBr 3 (MPh3 ) 
3
J. The IR spectra of L-RuBr 3 (MPh3 ) 

3
J 

(M = P or As) showed all absorption bands characteristics of 

PPh3 or AsPh3 • No band characteristic of s- or 0-bonded Me 2so 

were observed. For L-RuBr3 (MPh3 ) 2 (Me 2so)_7 all the bands due to 

-1 PPh3 or AsPh3 and one band of medium intensity at 975 em was 

observed, which could be assigned to V S=O of 0-bonded Me 2so 

group. 12 Similar compounds were reported by the reaction of 

L-RuBr3 (MPh3 ) 2 (MeOH)_7 (M = P or As) with dimethylsulphoxide. 12 

With Sulphur and Oxygen donor ligands 

Reactions of L-RuBr3 (Me2so) 3_7 with sodium diethyl dithio­

carbamate in the molar ratio 1:1 resulted in the partial substi-

tution of Me2so leading to the formation of a non-electrolyte 

- - !\ -1 2 -1 complex L RuBr2 (Et2Ncs2 ) (Me2so) 2_; ( M = 2.5 ..(l -em mol ) • 

However, a reaction in the molar ratio 1:3 resulted in the 

complete substi·tution of Me 2so and bromide leading to 
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r - 39 40 , - . L Ru(Et
2

Ncs
2

)
3
_;. ' Tne IR spectrum of L RuBr2 (Et2Ncs 2 ) (Me2so) 2~ 

-1 -1 (Fig IV.2) showed strong bands at 1080 em and 1530 em , 

besides all other bands due to diethyl dithiocarbamate. 1he 

former may be assigned toY S=O (S-bonded) of the Me2so group 

whereas the latter one toV CN of a chelating diethyl dithio­

carbamate group. ~ CN for unidentate diethyl dithiocarbamate 

-1 41 group is generally observed at a lower frequency (1470 em ). 

Hence ~RuBr2 (Et2Ncs 2 ) (Me
2
so)

2
_7 is expected to have six coordi­

nation having a chelating diethyl dithiocarbamate group. 

A reaction of L-RuBr
3

(Me
2
so) 3_7 with PPh

3 
in carbon 

disulphide medium resulted in the formation of 

L-RuBr2 (cs
2

) (PPh
3

)
3
_7 Br. However, cs 2 did not react and coordi-

nate to the metal 

was isolated. The 

molar conductance 

if PPh
3 

was not used, and the starting compound 

compound, L-RuBr2 (cs 2 ) (PP.h
3

) 3JBr shov;ed a 

-1 2 -1 of 112 JL em mol in acetonitrile, which is 

close to the 1:1 electrolytic behaviour of the compound. The IR 

spectrum showed a band of strong intensity at 1510 cm-1 besides 

all bands due to PP.h
3

• 1~e absorption at 1510 cm-1 may be assigned 

to a linearly bonded cs2 group to the meta1. 12 The fleff of the 
-, 

complex at room temperature was 1.65 B M_, which is close to the 

value for one unpaired electron in a low-spin d5 octahedral 

complexes of ruthenium(III). 

A reaction of ~RuBr3 (Me
2
so) 3_/ with acetylacetone resulted 

in the complete substitution of the bromo and Me2so groups leading 

to the formation of {"'Ru(acac) 3_7. In this case no partial substi-
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tution product could be isolated as in the case of the chloro­

analogues, reported in Chapter III. ~Ru(acac) 3_7 showed IR 

absorptions at 1560 and 1515 cm-1 which are characteristics of 

chelating 0-bonded acetylacetonate group, assigned toV (c~o) 
-~ . ~ andv (C~C) respect2vely. It is the same compound as reported 

42 by Endo ~ al. An attempt to substitute Me
2
so in 

~RuBr3 (Me 2so) 3_7 with OPPh3 was unsuccessful and 

~RuBr3 (Me 2so) 3_7 was recovered after the reaction. 

With Nitrogen donor ligands 

Pyridine : Reaction of L-RuBr3 (Me2so) 3_7 with pyridine 

at room temperature yielded a dark violet compound of the 

composition ~RuBr3 (py) (Me 2so) 2_/ where only one Me2so molecule 

was substituted by pyridine. The IR spectrum showed a band at 

965 cm-1 which could be assigned to~ S=O (0-bonded) and a band 

-1 -~ at 447 em could be due to -v Ru-o• Besides these, characteristic 

bands due to pyridine were also observed. Bands at 292 cm-1 and 

-1 .) 
245 em may be assigned to~v R B. The room temperature magne-u- r 
tic moment value, /{eff' was 2.0 B M , thereby confirm~ng the 

oxidation state of ruthenium as 3+. Dimethylsulphoxide groups in 

~RuBr3 (py) (Me 2so) 2_7 are 0-bonded as in the parent compound. 

Complete substitution of Me 2so molecules took place when 

slightly stronger reaction condition was employed, leading to 

the formation of a brown crystalline compound of the composition 

~RuBr3 (py) 3_7. TheIR spectrum of the cpmpound showed all the 



bands due to pyridine. The room temperature EPR spectrum 

(Fig N .3) of the compound in powder form showed tii'/O signals 
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corresponding to g values 2.65 and 1.95. If, one presumes a 

facial type of structure for L-RuBr3 (py) 3~ with a c3v symmetry, 

two g values can be explained. 43 

Reaction of LRuBr3 (He2so) 3_7 with pyridine under much 

stronger condition (large excess of pyridine and refluxing for 

longer time) resulted in the formation of L-RuBr2 (py) 4_7. 

Besides complete substitution of Ivle2so, reduction of 

ruthenium(III) to ruthenium(II) was also achieved. The far IR 

spectrum of this compound in the region 500-250 cm-1 is super­

imposab;J.e with that of trans L-RuBr2 (py) 4J reported by Raichart 

and Taube. 31 The 1H NMR spectrum of the compound in CDC13 showed 

a doublet at b 8. 73 and triplets at S 7.63 and b 7 .04, similar 

r - 31 - -to trans L RuBr2 (py) 4_;, reported earlier. L RuBr2 (py) 4_/, 

obtained. from ~RuBr3 (Me2so) 3_7, thus, has a trans geometry. 

2-Methyl pyridine :A reaction of L-RuBr3 (Me 2so) 3_7 with 

2-methyl pyridine on slight warming gave a dark green compound 

of the composi·tion, ['"RuBr3 (Me-py) (Me 2so) 2_7. The IR spectrum 

-1 of the compound showed strong bands at 990 and 970 ern 

characteristic ofV S=O (0-bonded) of the Me2so groups. A band 
-1 _\ 

at 478 em may be due to·v Ru-o• The room temperature magnetic 

moment value, [leff was 1.92 B.M., thereby confirming the oxida­

tion state of ruthenium as 3+. The partially substituted product 
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with 2-methyl pyridine is similar to that of pyridine reaction. 

Attempts to obtain completely substituted product were un-

successful. 

2,2'-bipyridyl :A reaction of L-RuBr3 (Me 2so) 3_7, with 

2,2 '-bipyridyl (1 :1 ratio) results in a partially subs·tituted 

complex of the composition L-Ru(bipy) (Me 2so)Br3~. Conductivity 

measuremen·ts in acetonitrile showed negligible molar co~ductance 

thereby confirming the covalent bonding of all bromide ligands. 

-1 The IR spectrum showed a strong band at 970 em assigned to 

V S=O of the 0-bonded Me2so groups. All the bands due to bipy-

-1 ridyl are also present. Besides, weak bands at 479 and 458 em 

may be due toV Ru-O and bands at 292 and 275 cm-1 due to 

V Ru-Br• Room temperature EPR spectrum of the powdered sample 

showed a broad signal at g = 2.19, which is indicative of one 

unpaired electron in a low-spin d5 ruthenium(III) complex. 

a-phenylenediamine : Reaction of L-RuBr3 (Me2so) 3~ with 

£-phenylenediamine in the molar ratio 1 :1 resulted in ·the 

formation of a reddish brown compound of the composition, 

~RuBr2 (PDA) 2 (Me2so) 2_7Br. The conductance measurement in 

acetonitrile shovled a molar conductance value of 128 n 1cm2mol-l, 

·thereby confirming the 1:1 electrolytic nature of the complex. 

IR spectrum showed one strong band at 1120 cm-1 besides all 

other bands due to £-phenylenediamine, which may be assigned to 

~ S=O of S-bonded Me2so groups. EPR spectrum of the complex in 
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the powder form at room temperature showed a broad signal at 

g = 2.60 which may confirm the 3+ nature of ruthenium in this 

complex. 

When a reaction of L-RuBr3 (Me2so) 3~ with a-phenylene­

diamine in the molar ratio 1:2 was carried out# reduction of 

ruthenium(III) to ruthenium(II) took place leading to the 

formation of a complex of the composition L-RuBr2 CPDA) (Me 2so) 2_/. 

-1 2 -1 Very low value of molar conductan9e (6 Jl em mol ) in aceto-

nitrile confirms that bromide is covalently bonded in the complex. 

It is a diamagnetic compound confirming its oxidation state as 

2+. The IR spectrum showed a strong band at 1130 cm-1 which may 

be assigned to~ S=O (S-bonded). There was no band of appreciable 

intensity in the region 1000-900 cm-1 which confirms the absence 

of 0-bonded Me
2
so groups. 1H NMR spectrum of ~RuBr2 (PDA) (Me2so) 2_/ 

in (CD3 ) 2so (Fig. IV.4) showed two broad singlets at 67.4 and 

b 7.2, one singlet at b 6.2 and a sharp singlet at 6 3.3. The 

1 H NMR spectrum of £"RuBr 
2 

(PDA) (Me
2
so) 

2
J is similar to tha·t of 

L-RuC1
2

(PDA) (Me
2
so)

2
_7# described in Chapter III. Besides the 

features of the 1H NMR spectrum discussed in Chapter III, the 

ratio of proton area under the curve at 6 6.2 and Th!der the 

curve at S 7.4 and 8 7.2 (taken together) is 1:1, which confirms 

that the number of amino protons and the aromatic protons are 

same, i.e. four in each case. On the basis of IR and 1H NMR 

results a structure with the two S-bonded Me
2
so groups in the 

trans position, the two bromide ligands in the cis positions and 
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the t\vo amino groups of PDA in the cis positions is 

proposed. 

The analytical data (Table IV.2) of a yellow compound 

obtained by the reaction of ruthenium trichloride with lithium 

bromide and dimethylsulphoxide in ethanol medium conforms to the 

composition i-RuBr
2

CMe
2
So)

3
_/. The compound is diamagnetic, 

thereby confirming it to be a d 6 low-spin ruthenium(II) complex. 

The IR spectrum (Fig IV.S) showed a strong absorption band at 

1097 cm-1 which could be assigned toV S=O (S-bonded). 3 Bands 

-1 -1 . -\ 36 37 
at 423 em and 245 em may be ass2gned to v Ru-S ' and 

~ Ru-Br
38 

respectively. There was no strong absorption in the 

region 1000-900 cm-1 indicative of the absence of any 0-bonded 

1 Me 2so groups. The H NMR spectrum of a freshly prepared solution 

of ~RuBr2 CMe2so) 3_7 in (cD
3

)
2
so showed a sharp signal atE 3.3 

which is weak field by S o. 7 from free Me2so ( b 2.6) indicative 

3 7 of S-bonded Me 2so groups. ' The other signal observed is at 

b 2.6 v1hich could be due t:o the residual protons of (cD
3

) 
2
so. 

There are no signals in the range 6 2.6 to 3.3 indicative of the 

absence of 0-bonded Me2so groups. Further, signal at b 3.3 is a 

sharp singlet indicative of all the three Me
2
so groups in equi­

valent positions7 which is possible only if the structure is a 

trigonal bipyrimidal with the three Me
2
so groups in the equato~ 

rial positions and the two bromides in the axial positions. The 

1H N~R spectrum of i-RuBr
2

(Me
2
so)

3
_7 in (CD

3
)

2
so after keeping 



N 

r-;;;t 

0 
l/) 

N 
<11 

::!: 
2: 

~ 
ill 

::::J 

"" I 0::: I 1.0 IQ - ...-
X LL - 0 

IE 
:::.E u 
::J 

>- 0::: 
u 1-

z u 
ll..l ll..l 

0 ::J 0.... 
N 0 

l/) 

ll..l 0 0:: 
I.J... w 

0::: 
<( 

Ln 0::: 
N LL 

z 

l!"l 

0 > 
l""l 

do ·-LL 

Ln 
l""l 

( 3lVJS 



95 

the solution for 100 h at room temperature or by warming on 

water bath for 3 h; does not show any change with respect to the 

spectrum of a freshly prepared solution. The intensity of the 

signal at S 3.3 is practically not reduced. This shows that an 

exchange of (CH3 ) 2so molecules coordinated to the metal, with 

the solvent (CD
3

) 2so molecules, does not take place under the 

conditions mentioned above. 

Some preliminary reactions were carried out to examine 

the potentiality of ~RuBr2 (Me 2so) 3_7 as precursor for the 

synthesis of ruthenium(II) bromo complexes. Reactions carried 

out at room temperature in methanol, resulted in partial or 

complete s~illstitution of Me2so groups. Reaction of 

~RuBr2 (Me 2so) 3_7 with PPh
3 

at room temperature or by refluxing 

in methanol resulted in a completely substituted (Me2so) compound. 

The product, has a composition L~uBr2 (PPh3 ) 4_7. TheIR spectrum 

clearly showed the presence of PPh
3 

and absence of any Me2so 

group. The compound is same as reported by Stephenson and 

W'lk' 18 2 2nson. 

Reactions of L-RuBr2 (Me2so) 3_7 with ligands like pyridine, 

1,10-phenanthroline and 2,2 1 -bipyridyl at room temperature led 

to partially substituted compounds having composition, 

~RuBr2 (py) 2 (Me2so) 2_7 or L~uBr2 (L-L) (Me 2so) 2_7, (L-L = phen 

or bipy). The molar conductance values of these compounds was 

found to be 5-12sL1cm2mol-1 which indicate the covalent nature 
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of bromides. The IR spectra of these compounds clearly showed the 

presence of S-bonded Me 2so molecules, besides the presence of 

respective amines. Two strong absorption bands in the region 

. -1 
1080-1060 em were observed for these complexes which could be 

assigned to ..::; SO of S-bonded Me
2
so groups. A band of medium 

intensity at 425 cm-1 in case of L-RuBr
2

(phen) (Me2so) 2_7 could 

be assigned to~ Ru-s• Reactions of ~RuBr2 (Me2so) 3_/ with 

pyridine, 1,10-phenanthroline and 2 1 2 1-bipyridyl carried out by 

refluxing in methanol resulted in the complete substitution of 

.Ne2so molecules by the ligands. The compounds, thus obtained, 

were analysed for the composition, ~RuBr2 (py) 4_7 or ~RuBr2 <L-L) 2~ 
(L-L = phen or bipy). TheIR spectra of these compounds showed 

no characteristic absorption in the region whereV so for 

S-bonded or 0-bonded Me
2
so could be observed. 

The presence of S-bonded Me
2
so molecules in case of 

partially substituted compounds and absence of any Me 2so 

molecules in case of completely substituted compounds, was further 

confirmed with the help of 1H NMR spectra. 1H NMR spectrum of 

L-RuBr2 (py) 4J in CDC1
3 

showed a doublet at S 8.74 and two 

triplets at S 7.63 and 8 7.06 and no signal i.vas observed in the 

region b 2-4. Absence of any signal in the region 8 2-4, confirms 

the absence of any Me
2
so molecules. Presence of two triplets and 

one doublet in the region 6 7-9 is due to the pyridine molecules 

in trans ~RuBr2 (py) 4_7. 31 The 1 H NMR spectrum of 
_ _ )Fig.IV.6) 

L RuBr2 (py) 2 (Me2so) 2_/ in CDC1 3 showed a sharp singlet at 6 3.44, 



4 
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two triplets at b 7. 2 and & 7. 75, and one doublet at 8 9 .12. The 

singlet at b 3.44 could be assigned due to the methyl protons of 

s-bonded Me 2so molecules. T.he pattern of the signals in the 

region b 7. 20 - 9.12 is characteristic \vhere the pyridine 

molecules are coordinated in the trans positions. 31 Further, 

only one sharp signal at 6 3.44 is indicative that the two Me 2so 

molecules are in equivalent environments, which is possible only 

if a trans structure for_L~uBr2 (py) 2 (Me2so) 2_/ is envisaged. 

The ratio of the areas of the signals due to the protons of the 

pyridine and ~~2so is 5:6, thereby confirming the presence of 

equal number of pyridine and Me 2so molecules in the complex. 

The 1H NMR spectrum of ~Ru(bipy) 2Br2_7 in (CD3 ) 2so 

(Fig IV.7(a)) showed a doublet at S 8.95, a triplet at S 8.18 

and a multiplet (an asymmetrical quintet) at S 7.70 and no 

signals in the region b 2-4. Signals in the region d 7 .,s; - 9.0 

are characteristic of aromatic protons of 2,2 1 -bipyridyl. The 

structure proposed for ~Ru(bipy) 2Br2_7, on the basis of 1H 

~mR is a trans one. For trans isomer, the four pyridine rings 

of the tv-m bipyridyl molecules have equivalent environments, 

whereas for the ~ isomer, the pyridine of each ligand are 

inequivalent, but each is equivalent to one pyridine ring of the 

other bipyridyl. Thus the aromatic region in the spectrum of 

the trans isomer should contain four multiplets, while that of 

the ~ isomers should consists of signals from eight distin­

guishable hydrogens. 44 The spectrum of ~Ru(bipy) 2Br2_7 has one 
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2
] (a)IN (CD3~SO Fig fV.7 1 H 
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doublet, one triplet and one asymmetrical quintet (may be due 

to the combination of a doublet and a triplet), thus, in all 

four multiplets as expected for~~ ~Ru(bipy) 2Br2_7. The 

1H NMR spectrum of ~Ru(phen) 2Br2_/-in CD
3

CN (Fig IV.7(b)) 

showed a doublet at 6 8.65, a singlet at b8.28, a doublet a·t 

& 8.07 and a quartet at & 7.67. The presence of four sets of 

signals in the aromatic region for 1,10-phenanthroline is expected 

only for a trans isomer similar to ·that of trans ,{'"Ru (bipy) 
2
Br

2
J 

discussed above. Hence a trans geometry for LRu(phen) 2Br2J 
is also proposed. 

The 1H NMR spectrum of ~Ru(bipy) (Me
2
so)

2
Br

2
_7 in (co

3
)

2
so, 

showed a sharp singlet at b 3.30 and multiplets at b 7.66, 

5 8.12, S 8.66 and 5 9.82. The signal at b 3.30 could be assigned 

due to the methyl protons of S-bonded Me
2
so molecules. The 

spectrum in the aromatic region is not well resolved. However, 

the signals in the region b 7.5 - 10, could be assigned due to 

the protons of bipyridyl. The ratio of the area under the signals 

in the aromatic region to the area of the signal at b 3.30 is 

2:3, corresponding to 8 protons due to one bipyridyl molecule 

12 protons due to two Me
2
so molecules in the complex. The 1H 

NMR spectrQ~ of ~Ru(phen) (Me
2
so)

2
Br

2
_7 in co

3
cN, showed a sharp 

singlet at b 3.7, a singlet at~ 8.03, a doublet at 8 8.50, 

another doublet at 6 10.1, and few weak signals in the region 

6 7. 6 - 8. The singlet at b 3. 7 could be assigned due to the 
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Table IV.4 1H ~ffi spectral data of some Ruthenium(II)'complexes 

Compounds 

~RuBr2 (PDA) (Me
2
so)

2
_7 

trans ~RuBr2 (py) 4_7 

~RuBr2 (Me2so3 ) 3_7 

trans ~Ru(bipy) 2Br2_/ 

trans L-Ru(phen)
2
Br

2
_/ 

s, singlet; 

q, quartet; 

& (ppm) 

3.3s, 6.2s, 7.2s, 7.4s 

7.04t, 7.63t, 8.73d 

3.3s 

3.3s, 7.66m, 8.12m, 

8.66m, 9.82m 

3.7s, (7.6-S)m, 

s.03s, s.sd, 10.1d 

7.7m, 8.18t, 8.95d 

7.75q, 8.07d, 8.39s, 

8.82d 

7.67q, s.o7d 

8.28s, 8.65d 

d, doublet; 

m, multiplet 

t, triplet 

Solvent 

CDC1
3 

CDC1
3 

(CD
3

) 
2
so 

(cn
3

) 
2
so 

CD
3

CN 
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methyl protons of S-bonded Me 2so molecules and all the signals 

in the aromatic region (between b 7.6 - 10.1) due to the protons 

of 1,10-phenanthroline. Further, the ratio of the areas under 

the signal at S 3.7 and the signals in the aromatic region 

confirm the composition of the complex as 

~Ru(phen) (Me 2so) 2Br2_/. 

Electronic Spectra 

Electronic spectral data of new ruthenium(III) complexes 

are given in Table IV.3. The spectra shows similar features in 

chloroform and acetonitrile solutions. Generally, all ruthe-

nium(III) complexes have two absorptions.around 400 nm and 

500 nm with molar extinction coefficients of the order of 103 • 

High value of e for all these complexes is suggestive of a 

greater contribution due ~o charge-transfer rather than ~~ 

transitions. In some cases, one band at lower frequency with 

slightly lower £ value is also observed, ~ for 

~RuBr3 (bipy) (Me 2so)_7 at 570 nm ( € = 700) and for 

L-Ru(cs 2) (PPh3 )
3
Br2_/Br at 656 nm ( E = 210). These 

2 have more of d-d character (transitions from T2 

bands may 

2 2 to A2, T1 
2 or T2 type) than the charge-transfer. Electronic absorption 

bands for ruthenium(III) complexes are similar to other 

25 45 ruthenium(III) complexes. ' All the ruthenium(III) complexes 

described in Table IV.2 have six coordination aroQnd rLlthenium(III). 

However, the symmetry is lowered considerably from Oh due to the 

presence of two or three different type of ligands, monodentate 
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and bidentate ones. Absorption bands with high value of E 

for such low symmetry ruthenium(III) complexes, can not be 

assigned tod-d transitions alone, which may be obscured by 

h f t 't' ' th ' 45 Th 1 t ' c arge-trans er rans2 2ons 2n ose reg2ons. e e ec ron2c 

spectrum of ~RuBr2 (Me 2so) 3_7 in acetonitrile shows one band 

at 365 nm with E = 330. If the complex is assumed to have a 

trigonal bipyrimidal geometry, it will have a D3h symmetry. 

Due to lowering in symmetry the absorptions bands due to d-d 

transitions are expected to have slightly higher E values 

(10 2). ·Thus the band at 365 nm can be assigned to one of the 

d-d transitions (
1

A1 to 1A2 , 1E or 1B2). 46 The other band at 

220 nm is due to charge-transfer only. 
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CHAPTER· V 

SYNTHESIS AND CHARACTERIZATION OF 

L-Rui
2

L
4
_7 (L = Me2so, CH3CN or py) 

AND USE OF L-Rui
2

L
4
_/, (L = Me

2
so 

and CH
3

CN) AS PRECURSORS FOR THE 

SYNTHESIS OF RUTHENIUM(II) IODO 

COMPLEXES 
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Synthesis and study of the complexes of ruthenium(II) 

and ruthenium(III) containing iodide as one of the ligands 

and other mono or multidentate ligands has not been carried 

out in much detail compared to its chloro analogues. It is 

probably due to (i) the non-availability of ruthenium 

triiodide commercially and (ii) lack of solubility of 

ruthenium triiodide obtained by the metathesis of ruthenium 

trichloride and potassium iodide or sodium iodide in non-

coordinating solvents. 

The synthesis of ruthenium(II) or ruthenium(III) 

complexes containing iodide as one of the ligands is achieved 

by one of the following methods: 

(i) metathesis of the chloro, hydroxo or hydride groups in 
1-13 

the complexes to iodo using KI, Nai or HI,-

(ii) substitution of a ligand L, ~· py or N2 in the complex 

by iodide, 14- 16 

(iii) reaction of a complex containing oxalate group/groups 

with Hr, 17- 19 and 
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(iv) reaction of ruthenium triiodide (generated in §itu 

also, by treating ruthenium trichloride and KI, Nai 

or HI) with the ligand. 2' 6' 20- 22 Table V.l describes 

different preparative methods for the complexes of 

ruthenium(III) and ruthenium(II) containing iodide 

and other mono or bidentate ligands. 

Among the above mentioned four methods, method (i) 

is used most frequently for the synthesis of ruthenium(II) 

or ruthenium(III) complexes containing iodide and other 

ligands. There are no examples in literature where an iodide 

containing ruthenium(II) or ruthenium(III) complex is used 

as precursor for the synthesis of iodo complexes by substi-

tuting the coordinated ligand with new ligands. 

In the present chapter, attempt has been made to use 

ruthenium triiodide as the source material for the synthesis 

of ruthenium(II) complexes containing iodo and other ligands, 

~· Me 2so, CH3CN, pyridine or triphenylphosphine.Ruthenium 

triiodide was dissolved in coordinating solvents, viz. 

Me2so, CH3CN or py for this purpose. Complexes thus synthe­

sized were characterised and some of them were used as 

precursors for the synthesis of other ruthenium(II) complexes 

containing iodide as one of the ligands. 



Table v.1 Complexes of Ruthenimn(III) and Ruthenium(II) containing Iodide and 

other Mono or Bidentate Ligands 

Sl. No Complex 

1. L-Ru(OH)I(NH3 )
4
Jr 

2. ~Rui2 (NH3 ) 4~I 

3. ~Ru(L-L) 2 I2_7 
(L-L : dmpe, depe) 

4. ~Ru(phen) 2 r2_7 

s. L-Rui3 (PPh3 ) 2~ 

6. ~RuHI(PPh3 ) 3~ 

7. trans .L-Ru(PPh
2

H)
4
HI_/ 

Preparation 

~Ru(OH)Cl(NH3 ) 4~cl.H2 0 + KI + BI 

~Ru(OH)I(NH3 ) 4_7 +HI 

i) ~Ru(L-L)Cl2_7 + KI 

ii) RuC13 + Nai + (L-L) 

~Ru(phen) 2cl 2_/ + Nai 

~H2Ru(PPh3 ) 4_7 + I 2 (1:2 molar ratio) 

Physical 
properties 

DM 

uv-vis 

IR 

L-H2Ru(PPh
3

)
4
_/ + I 2 (1:1 molar ratio) IR 

L-RuH2 (HPPh
2

)
4
_/ + Nai IR 

1H NMR 

Reference 

1 

1 

2 

3 

4 

4 

5 

Table V.l continued 

._. 
0 
OJ 



Table V.l continued 

Sl.No Complex Preparation 

8. Cs
2 
~Rui4 (C0)

2
_/ cs

2 
L-RuC1

4 
(co)

2
_7 +HI 

9. ~ L-Rui
2

(co) 4_/ L-Ru(co)
4

H
2
_/ + I

2 

10. LRui2 (QAS)J L-RuC1
2

(QAS)_/ + Nai 

11. £Rui2 (co) 2 (PPr
2
Ph) 2_/ ~RuC12 (co) 2 (PPr2Ph) 2_/+ Nai 

12. ~RuHI(CO) (PPr2Ph) 3_/ ~RuHCl(CO) (PPr
2
Ph) 3_/+ Nai 

;t3. t_Ru (EDA) 
2 
r

2
_1 ~Ru(EDA) 2cl 2~ + Nai 

14. t_-Rui
2

(P(OPh)
3

)
4
_7 L-RuC1

2
(P(OPh)

3
)

4
_7 + Nai 

Physical 
properties 

IR 

Raman 

IR 

r, AM' 
W-VIS 

IR 
1H NMR 

IR 
1H NHR 

f!'• uv-vrs, 
IR 

IR 

Table V.1 continued 

Reference 

6,7,8 

9 

10 

11 

11 

12 

13 

~ 

0 
'-0 



Table V .1 cont.inued 

Sl.No Complex 

15. L~u(phen) 2 I(py)_/Cl04 

16. /:Ru (bipy) (py) 2 r 2J 

17. [""Ru(NH3 )5IJI2 

18. PhNH3 ~Rui4 (aniline) 2~ 

19. cis or trans ~Rui2 (py) 4~ 

20. [""Rui2 (en) 2JI 

21. L-Rui2 (CO) 
2
_7 

22. [""Rui2 (Me 2so) 4_7 

Preparation Physical 
Properties 

cis ~Ru(phen) 2 (py) 2_/cl2 + Lii + NaCl04 

L-Ru (bipy) (py) 
4
J + KI 

[""Ru(NH3) 5 (N2)_/I2 +HI IR 

PhNH3 [""Ru(OX) 2 (aniline) 2_/+ HI IR 

w-vrs 
f'Lt J\.M 

[""Ru(py) 4 (0X)_/H20 +HI far-IR, 

Raman 
1H.NMR 

L-Ru(OX) (en) 2_/[""Ru(OX) 2en_/+ HI UV-VIS 

Rui3 + HI + HCOOH IR 

Raman 

Rui3 + Me 2so IR 

Table v.l continued 

References 

14 

15 

16 

17 

18 

19 

6,7, 

8 

20 

1-' 
1-' 
0 



Table v.l continued 

Sl.No. Complex Preparation 

23. t.rans £Ru (diars) 2 I 2J RuC13 + Nai + diars 

24. L-Ru~iars) 2 r2_7(clo4 ) £Ru(diars)
2
r

2
_7 + HC1o4 + Br

2 

25. L-Rui
3

(AsMePh
2

)
3
_/ K2 LRuC15 (H2o)_7+ KI + AsMePhi 

Physical 
Properties 

-
fA-

fL 

References 

21 

21 

22 

~ 
~ 
~ 



EXPERIMENTAL 

Ruthenium trichloride trihydrate was obtained from 

Aurora Matthey Ltd., Calcutta. Ruthenium triiodide was 

prepared by a modification of the reported methods. 23 - 25 

Analytical data and other physical measurements, viz. 

112 

IR, 1H NMR, EPR 1 ~eff etc were obtained as described in 

Chapters II and III. Analytical data, melting point and 

molar conductance data are presented in Table v.2. Important 

IR and electronic absorption bands are given in Table V.3. 
1H NMR spectral data are reported in Table V.4. Iodide was 

estimated by the standard method, 26 the details of which are 

described below. 

ESTIMATION OF IODIDE 

An accurately weighed amount of the complex \vas 

decomposed by heating with a melt of KN03 and KOH mixture 

(1:8) at around .~800°C. It was cooled and extracted with 

distilled water. The solution was acidified with dilute 

HN03 and then made ammoniacal and digested slowly on a 

water-bath for about 30 min. It was filtered through a quan-

titative filter paper. Precipitation of silver iodide was 

made by adding a very dilute solution of silver nitrate 

( .,...._ o.os M) slowly and with constant stirring to the 
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ammoniacal solution, until precipitation was complete. The 

solution was made acidic by adding dilute HN03 (1 percent 

by volume). The solution was digested on a water-bath for 

about 15 min. The precipitate was filtered through a pre­

weighed sintered glass (G-4) crucible and was washed with 

one percent nitric acid, and finally with a little water. 

The crucible with the precipitate was dried in an air-oven 

at about 120°C for about 2 h to get constant weight. The 

precipitate was weighed as silver iodide. 

PREPARATIONS 

To a solution of hydrated ruthenium trichloride (lg) 

in water (20 cm3), hydroiodic acid (5 cm3) and potassium 

iodide (5g) were added. The reaction mixture was stirred 

at room temperature (£or 2 h), when a black compound separated 

out. The compound was centrifuged, washed 2-3 times with 

water~ then with acetone and dried 1£ vacuo. (Yield, 1.7g, 

85%). It was analysed for its iodide content. Iodide, 

Method A : To a suspension of finely powdered 

Rui3 .xH20 (0.5g) in acetone (25 cm3 ), dimethylsulphoxide 

(5 cm3) was added. The mixture was refluxed on a water-bath 
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for about 2 h. The colour of the solution changed from black 

to green and then to brown, and a reddish brown compound 

separated out. The compound after centrifugation was washed 

successively with acetone and ether. It was dried in vacuo 

Method B : A mixture of Rui3 .xH2o (0.5g) and dimethyl­

sulphoxide (5 cm3 ) was refluxed in an oil bath (130-140°C) 

for 5 min, when a clear solution was obtained. The volume was 
3 reduced to 2 em 1 cooled and acetone was added to it with 

stirring. The compound separated after 30 min, was obtained 

as in method A. Yield, o.55g, (85%). 

A mixture of finely powdered Rui3.xH2o (0.2g) and 

pyridine (1 cm3) was heated on a water-bath for about 2 h. 

A green coloured solution was obtained. Brown crystalline 

compound separated from the solution, on cooling. It was 

centrifuged, washed with acetone and ether, and dried 

in vacuo. It was analysed for L-Rui2 (py) 4_/. Yield 0.22g, 

(86%). 



A suspension of Rur3.xH20 (0.2g) in acetonitrile 

(10 cm3 ) was refluxed on a water-bath for about 4 h, when 
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a clear solution was obtained. The solution was concentrated 

and cooled to room temperature, when a reddish brown crystal-

line compound separated out. It was centrifuged, washed with 

ether and dried ~ vacuo. The compound was analysed for 

To a solution of Rui3.xH20 (0·2g) in acetonitrile 

(20 cm3 ) triphenylphosphine (O.Sg) was added. The mixture 

was refluxed for 4 h. A yellow solution was obtained which 

on concentration, yielded yellow crystalline compound. The 

compound was washed with ether and dried ~ vacuo. It was 

analysed for the composition, L-Rui2 (cH3CN) 2 (PPh3 ) 2_7. 

Yield o.25g (70%). 

To a suspension of finely povJdered Rui3 .xH20 (0.'2g) 

in carbondisulphide (20 cm3), triphenylphosphine (0.5g) was 

added. ~he mixture was refluxed on a water-bath for 2 h. It 

was kept overnight at room temperature when most of the solvent 

evaporated and a brownish-red compound separated out. The 
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compound was first washed with water followed by ether and 

dried in vacuo. It was analysed for L-Rui2 (cs) (PPh3 ) 3~. 
Yield o.28g (65%). 

(i) With triphenylphosphine. To a solution of ~Rui2 (Me2so) 4~ 
(0.2g) in methanol (20 crn3 ), triphenylphosphine (0.35g) 

(molar ratio 1:4) was added. 2he reaction mixture was refluxed 

for 5 min and cooled to room temperature, when a dark brown 

compound crystallised out. It was centrifuged, washed with 

ether and dried i£ vacuo. The compound was analysed for 

L-Rui2 (PPh3 ) 2 (Me2so)~ was obtained also when a reaction 

similar to above was carried out at room temperature by stirring 

the reaction mixture for about 1 h. 

(ii) With pyridine. 

(a) To a solution of L-Rui2 (Me2so) 4_7 (0.2g) in methanol 

(10 cm3), pyridine (1 cm3 ) was added and stirred at room 

temperature for 3 h. A reddish brown compound separated out, 

which was centrifuged, washed with ether, and dried in vacuo. 

The compound obtained ~ffiS analysed for ~Rui2 (py) 2 (Me2so) 2_/. 

(b) A reaction similar to condition (a) was carried 

out under refluxing condition of solvent for 2 h, and cooled. 



117 

A dark-brown crystalline compound separated. It was washed 

with ether and dried in vacuo. The compound was analysed for 

(iii) With 2,2'-bipYridyl or 1,10-phenanthroline 

(a) To a solution of L-Rui2 (Me2so) 4~C0.2g) in methanol 

3 (20 em ), a methanolic solution of 2,2 1-bipyridyl or 1,10-

phenanthroline (0.2g in 5 cm3 ) was added. The solution was 

stirred at room temperature for about 3 h. Orange coloured 

compound separated out in each case, which was washed with 

acetone and dried in vacuo. The compounds had the composition, 

(b) A reaction similar to above (a) using 2,2 1 -bipyridyl 

was carried out by refluxing the mixture on a water-bath for 

3 h. The solution was concentrated and cooled, and the products 

isolated as in (a) above. It was analysed for L-Rui2 ~ipy) 2~. 

(iv) With acetonitrile. L-Rui2 (Me 2so) 4_/ (0.2g) was dissolved 

in acetonitrile (20 cm3 ). The solution was refluxed for about 

1 h, concentrated (2 cm3 ) and cooled to room temperature. 

A yellow crystalline compound separated out which was washed 

with ether and dried in vacuo. The compound had the composition, 

~Rui2 (CH3CN) 3 (Me 2so)_/. 

(v) With sodium diethyldithiocarbamate. L-Rui2 <Me 2So) 4_/ (0.2g) 

was suspended in toluene (20 cm3 ) and sodium diethyldithio-

carbamate (O.lSg) was added. The suspension was refluxed for 
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30 min to give a dark-green coloured solution. The solution 

was concentrated (5 cm3). Addition of light petroleum ether 

(bp. 80-100 °C)£ollo't'Ted by cooling in ice-salt mixture yielded 

green needle shaped crystals. The compound had the composition 

L-Ru(Et
2

Ncs
2

)
2

(Me
2
so)

2
_/ 

Reaction of L-Rui2 (cH3CN) 4~ with Me 2so 

A clear solution of ~Rui2 (cH3CN) 4_/ (0.2g) in dimethyl­

sulphoxide (2 cm3 ) was obtained by heating the mixture on a 

water-bath for 5 min. The solution was cooled and acetone Nas 

added with constant stirring. The solution was stirred for 

15 min. A yellow crystalline compound separated out. The 

compound was centrifuged, washed with diethyl ether and dried 

in vacuo. The compound was analysed for L-Rui2 (CH3CN) 3 (Me
2
so)_/. 

RESULTS AND DISCUSSION 

The preparation of ruthenium triiodide had been reported 

either by the metathetic reaction between RuC1 3.xH20 and KI in 

. 23-25 27 aqueous solutlon or by the action of HI on Ruo4• We have 

synthesised Rur3 .3H2o by the metathetic reaction between 

RuC13 .:d-!2 0 and KI in the presence of HI. 'I'he compound has 

~eff = 2.1 B.M. at room temperature. The room temperature EPR 

spectrum showed a broad signal at g = 2.05. 
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In the literature there are very few repor~s 6 ' 20 of the 

use of Rur
3 

as a starting compound for the syntheses of 

ruthenium(II) iodo compounds. Hence in the present work we have 

explored the possibility of synthesising ruthenium iodo 

compounds using Rur3 as the source material. Rur3 is generally 

insoluble in non-coordinating solvents. Hence reactions have 

been carried out using a solvent (S) which coordinates to 

ruthenium, YE• dimethylsulphoxide, acetonitrile or pyridine'. 

Normally, when a reaction was carried out between Rur3 and the 

solvent (S) under refluxing condition, products of the compo-

sition, L Rur2s 4~, were obtained. Solvent, being present in 

excess, acts both as a coordinating agent and reducing agent 

L-reducing rutheniurnCrrr) to ruthenium(II)-/.~Rur2s 4_/ 
(S = py, MeCN, Me 2so) are diamagnetic, thereby confirming that 

the metal is in 2+ state having a d 6 low-spin configuration. 

Conduct.ivity measurements in acetonitrile or methanol showed 

low molar conductance values (10-15 ..D. - 1cm2mol-1 ) indicative of 

covalently bonded iodide to ruthenium(II). 

TheIR spectrum of L-Rui2 (py) 4~ showed the presence of 

all bands due to coordinated pyridine. The spectrum in the 

far-IR region showed bands of medium to weak intensities at 

-1 1 465, 408, and 290 em • The -H NMR spectru~ in CDC13 (Table 

V.4) showed triplets at 67.03 and 67.63 and a doublet at 

6 9.01. The far-IR and the 1H NMR spectra 't'lere similar to the 



Table v.2 Some analytical and physical data of some new 

Ruthenium (III) -iodo complexes 

I 
I 

Analysisa (%) I 
I 

Compounds colour M.P.°C: I 
I 

I c I H I I 
I I 
I I 
I -

L-Rui2 (Me
2
so)

4
_7 Brown 2SS-60 (d) 14.S 3.7 

(14. 4) (3. 6) 

L-Rui2 CcH3CN) 4~ Reddish )250 18.3 2.2 
brown (18.S) (2. 3) 

L-Rui2 (py)
2

(Me
2
so)

2
_/ Reddish 210-1S (d) 2S .o 3.1 

brown (2S .1) (3 .3) 

L-Rui2 (PPh3) 2 (Me
2
so)_/ Dark 145-SO 47.7 3.5 

Brown (4 7. 6) (3 .o) 

L-Rui2 (PPh
3

)
2

(cH
3

CN)
2
_/ Light 190-9S 49.8 3.7 

yellow (49.9) (3. 7) 

L-Rui2 (CH
3

CN)
3 

(Me
2
so)_/ Yellmv 160.-62 16.9 3.0 

(17. 3) (2. 7) 

I 

• 
: Molar Jl 

I 1 Conductance~ M 
I I -1 2 -1 
I N : in ..D.. ern mol I 
I 
I 

I --~--------

* 9b 38.0 
(38.1) 

10.8 15b 
(10.8) 

4.1 
_c 
.j 

(4.2) 

- sf 

3.2 14b 
(3 .o) 

7.4 sf 
(7. 6) 

Table v.2 continued 

~ 
N 
0 



Table V.2 continued 

Compounds Colour 
I 
I 

; H.P. °C 

Analysisa (%) 

I I I I 
I I I I 

: C : H ; N : 
I I I I I 

_t_____~--~ I ~'- ~- ___ _ ___ I I ~- ___ _ 

L-Rui
2 

(CS) (PPh
3

)
2
_/ n. Brow.-(-sh 200-05 

red 
55.4 3.6 -

(55. 7) (3 .8) 

L-Rui
2

(bipy) (Me
2
so)

2
_7 Orange )250 25.4 3.0 4.0 

(25 .2) (3 .o) (4.2) 

~Rui2 (phen) (Me
2
so)

2
_7 Orange 165-70 28.0 3.0 3.8 

(27. 7) (2. 9) (4.1) 

Molar 
Conductance./\ M 

-1 2 -1 ill1 .D- em mol 

5b 

5£ 

3£ 

--------------------------------------------------------------------------------------------------------·---
a, Calculated values are in parentheses; b, in methanol; 

c, in acetonitrile; d, decomposes; f, in chloroform; , * % iodide 

1-'­
r-,) 

I-'-



Table V.3 Important infrared and UV-visible bands 

of some new Ruthenium(II) complexes 

122 

Compounds infrared bands 
. -1 A max in nm ( E ) 
~n em 

1079s, 1026, 976, 930, 480sh (400)a 

420, 383, 246 

~Rui2 (cH3CN) 4_/ 2275m 360 (11,000)b 

L-Rui2 (py)
2

(Me
2
so)

2
_7 1085s, 1070s 

L-Rui2 (PPh3 ) 2 (Me 2so)~ 1120s 

L-Rui2 (PPh3 ) 2 (cH3CN) 2~ 2270m 420shb 

L-Rui2 (cH3CN)
3 

(Me
2
so)_/ 2310m, 2275m, 1120s, 360 (410)b 

1100s 

~Rui2 (CS) (PPh
3

)
3
_/ 1270s 535 (1470)b 

370sh 

375 (3100 )b 

280 (26700) 

235 (70600) 

a, in CH3 0H; b, in CH
3

CN; m, medium; s, strong 



Table V.4 1H NMR spectral data of some 

RUthenium(II) complexes 

Compo"Lmds 6 ppm 

L-Rui2 (py) 4_/ 7.03t, 7.63t, 9.01d 

~Rui2 (PPh3 ) 2 (Me2so)_7 3.6s, (7 .3-7 .6)b,m 

L-Rui2 (py) 2 (Me2so) 2_7 3.7s, 7.15t, 7.74t, 

9.25d 

£. ( -Rui2 CH3CN) 3 (Me
2
SO)_/ 2.5, 3.55 

L-Rui2 (bipy) (Me2so) 
2
J 3.37, 3.42, 3.53, 

(7 .25-8. 7)m, lO.ld 

L-Rur2 when) (Me 2so) 2_7 3. 45s, (7.35-8.3)m 

s, singlet; d, doublets; t, triplets; 

b, broad; m, multiplets. 

123 

solvent 

CDC13 

CDC13 

CDC13 

CDC13 

CD3CN 

CD3CN 
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- -18 one reported for trans L Rui
2

(py)
4
_; and hence a trans 

structure for the synthesised L-Rui
2

(py)
4
_/ is proposed. 

TheIR spectrum of L-Rui
2

(CH
3

CN)
4
_; showed a band of 

medium intensity at 2275 crn-1 , besides other bands due to 

CH3CN. 'I'his band may be assigned to -\> CN of coordinated CH3CN 

28 -1 group. The presence of only one band around 2275 ern 

indicate that all the four CH
3

CN groups are in equivalent 

position, which is possible only in the case of trans 

L-Rui2 (cH3CN) 4_/ and hence a trans geornetrz for ~Rui2 (cH3CN) 4_7 
is proposed. 

TheIR spectrum of ~Rui2 (Me 2so) 4_7 (Fig V.1) showed a 

band a·t 1079 ern -l (strong) which is characteristic of :V SO 

(S-bonded) of the Me
2
so groups. Besides this, bands of medium 

intensities at 1026, 976 and 930 crn-1 were also observed which 

may be assigned toP CH. 29 The IR 
r 

region 1100-900 crn-1 was identical 

spectral pattern in the 

- ( -29 to that of L RuBr
2 

Me 2so) 4_/, 

which was repor-ted to have a trans geometry 1 with all S-bonded 

Me 2so. This confirms the presence of all the Me 2so groups in 

S-bonded fashion. Bora and Singh20 reported the preparation of 

L-Rui2 (Me
2
so) 4_7 by a slightly different method and characterised 

it using the IR spectrum as having both S-bonded and 0-bonded 

Me2so. TheIR spectrum of ~Rui2 (Me2so) 4_7 in the region 

-1 ..:... ~- -
600-350 ern \vas similar to that of L NMe

2
H2_/ L RuC1 3 (Me2so) 3_;, 

30 a rutheniurn(II) compound containing all S-bonded Me2so groups. 
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-l ed. d It showed a strong absorption at 420 em and a m lum ban 

-1 -1 at 383 em • Absorption at 420 ern may be due to the combi-

nation of V Ru-s 

due to cSa (CSO). 

c -1 
and oS(CSO)' whereas 383 em 

-1 Further, one band at 246 em , 

be assigned to -\J 31 
Ru-I• 

band may be 

may tentatively 

Ruthenium(II) Iodo complexes containing PP.h
3 

and other groups 

Reaction of Rui3 with PPh
3 

in a non-coordinating solvent 

or a weakly coordinating solvent like acetone under refluxing 

condition,did not result in the formation of ruthenium iodo 

triphenylphosphine complex. Reaction of Rui
3

, using melt of 

PPh3 as a solvent at its boiling point also, did not lead to 

the coordination of PPh
3

1 instead Rui
3 

separated unreacted • 
. , 

However, when'Rui
3 

was treated with PPh
3

, in a coordinating 

solvent like acetonitrile, a compound of the composition 

L~ui2 (cH3CN) 2 (PPh3 ) 2~ was obtained. It was non-conducting 

and diamagnetic in nature. The IR spectrum showed a band of 

medium intensity at 2270 cm-1 besides other bands due to 

acetonitrile and PPh3 • One band at 2270 cm-1 is characteristic 

of V CN of acetonitrile groups coordinated to ruthenium in the 

trans position, 28 A reaction of Rui
3 

with PPh
3 

in cs2 medium 

resulted in the formation of a compound of the composition 

L-Rui2 (cs) (PPh3 )
3
_/. It was diamagnetic in nature, thereby 

confirming ruthenium to be in 2+ state. The low value of the 

molar conductance in CH
3

0H (512-1cm2mol-1 ) is indicative of 
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covalently bonded iodides. Besides the presence of all the 

bands due to PPh
3

, the IR spectrum showed a strong band at 

-1 _\ 
1270 em which may be assigned tov cs of the thiocarbonyl 

group. 32 

With triphenylphosphine. Reaction of ~Rui2 (Me2so) 4_7 with 

PPh3 at room temperature and under refluxing condition of 

methanol gave L-Rui
2

(PPh
3

)
2

(Me
2
so)_/ only. The compound was 

diamagnetic confirming the oxidation state of ruthenium as 

2+. It was non-conducting in nature, confirming the covalent 

nattrre of the iodides. The IR spectrum of the complex showed 

-1 all the bands due to PPh
3 

and a strong band at 1120 em , 

which is characteristic of V 
80 

(S - bonded) of the Me2so 
1 - -group. The H NMR spectrum of L Rui

2
(PPh

3
) 2 (Me

2
so)_/ in 

CDC1 3 at room temperature showed a sharp signal at b3.6 

and broad signals in the region b 7.3 to 6 7.6. The former 

one is due to the methyl protons of Me
2
so (S-bonded) and the 

latter due to the phenyl protons of PPh
3 

groups. The ratio of 

the area under the two signals is 1:5 confirming the presence 

of one Me 2so and two PPh3 molecules (6:30 protons) in th~ 

complex. 
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With pyridine. A reaction of ~Rui2 (Me2so) 4~ with pyridine 

at room temperature led to the formation of a partially 

substituted ~Rur2 (py) 2 (Me 2so) 2_7 complex. TheIR spectrum 

showed all the bands due to pyridine and two strong bands at 

1070 and 1085 cm-l due to~ SO (S-bonded) of the Me2so mole­

cules. 1H N~ffi spectrum of the complex in CDC1 3 (Fig. v.2) 

shmved a sharp signal at 6 3. 7 characteristic of the methyl 

prot·on of the S-bonded Me
2
so groups. other signals observed 

were a doublet at b 9. 25 and triplets at 6 7. 74 and b 7.15. 

The 
1

H NMR spectral pattern in the region b 7.1-9.25 is 

characteristic where the pyridine molecules are coordinated in 

the trans position.18 Further# only one sharp signal at b 3.7 

is indicative that two Me
2
so molecules are also in equivalent 

environments# which is possible if a trans structure is present 

in ~Rui2 (py) 2 (Me 2so) 2_/. The ratio of the areas of the signals 

due to the protons of pyridine and Me
2
so is 5:6, thereby 

confirming the presence of equal numbers of pyridine and Me
2
so 

molecules in the complex. Reactions of L-Rui
2

(Me2so)
4
_/ with 

pyridine in refluxing methanol gave a completely substituted 

product, viz. L-Rui
2

(py)
4
_7. TheIR and 1H NMR spectra of this 

compound were superimposable with that of ~Rui2 (py) 4_7 
obtained by a reaction of Rui3 and pyridine, discussed earlier 

in this chapter. Hence a trans geometry for L-Rui2 (py) 4_7 

is proposed. 
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~ith 2,2'-bipyridine and 1,10-phenanthroline. Room temperature 

reaction products of L-Rui2 {Me2so) 4~ with 2,2'-bipyridine and 

1,10-phenanthroline were of the composition,L-Rui2 (L-L) (Me2so) 2~ 
(L-L = bipy or phen). The compounds were diamagnetic and had 

very low molar conductance, confirming ruthenium(II) complexes, 

having covalent iodide. The IR spectrum of the bipyridyl 

-1 containing complex showed strong bands at 1085 and 418 em 

which could be assigned to~ 80 {S-bonded) of the Me 2so and 

~ Ru-s respectively. Similarly, in case of the complex contai­

ning 1,10-phenanthroline,bands at 1105 and 1070 cm-1 could be 

assigned to~ S=O (S-bonded) of the Me 2so groups and at 425 crn-
1 

due to~ Ru-s• The 1H NMR spectrum of the two complexes in 
. 

co
3
cN, further confirm the composition of the complexes and 

the bonding mode of Me 2so groups. The 1H NMR spectrum of 

LRui2 (bipy) (Me 2so) 
2
J in co3CN showed signals at & 3 .53, 

6 3. 4 2 and 6 3 • 3 7 which are characteristic of the methy 1 

protons of the S-bonded Me 2so. A doublet at b 10.1 and multi­

plet in the region £ 7. 25-8.7 were observed due to the protons 

33 ( of the coordinated bipyridyl group. A doublet at 010.1 is 

due to the two protons present next to the coordinated nitrogen 

atoms, 33 and multiplets in the region S 7.25-8.7 are due to the 

rest of the protons in bipyridyl. The ratio of the signals 

around 6 1 0 .1 and around b 3 • 4 was 1 : 6, thereby confirming the 

presence of two protons from one bipyridyl and twelve protons 
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1 from the two Me 2so molecules. The H NMR spectrum of 

CRui2 (phen) (Me2so) 2_/ in CD3CN showed one signal at b 3.45 

assigned to the methyl protons of S-bonded Me 2so groups 

and multiplets in the region b7.35-8.3 assigned to the 

protons due to 1,10-phenanthroline.34 

Reaction of ~Rui2 (Me 2so) 4_7 with 21 2 1 -bipyridine in 

refluxing methanol led to the formation of L-Rui2 (bipy) 2~. 
The compound is the same as that of Fergusson and Harris35 

obtained by the metathesis of ~Ru(bipy) 2cl2_7 with iodide. 

The uv-visible spectrum of the compound showed absorptions 

similar to that of the reported one • 35 '·36 

With acetonitrile. Reactions of L-Rui2 (Me2so) 4~ with acetonitrile 

under refluxing condition substituted only three of the four 

Me2so molecules leading to the formation of L-Rui2 (cH3CN) 3 (Me 2soL/. 

A compound of the same composition v1as obtained when 

~Rui2 (cH3CN) 4_7 was reacted with dirnethylsulphoxide. TheIR 

spectra of the compounds obtained by both the methods 'l.oJere . 

superirnposable confirming that the compounds obtained are one 

and the same. TheIR spectrum of ~Rui2 (cH3 CN) 3 (Me 2so)_7 
showed two bands of medium intensity at 2310 and 2275 cm-1, 

assigned to ·\/eN of coordinated ca3cN. It shows that at least 

two of the acetonitrile molecules are bonded in the cis 

position to ruthenium. 28 The strong bands at 1120 and 1100 cm-1 

in the complex may be assigned to ~S=O (S-bonded) of the Me 2so 
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1 molecule. The H NHR spectrum of the complex in CDC13 showed 

signals at b 2.5 and 6 3.55. The signals at 6 2.5 may be assigned 

to the methyl protons of the coordinated CH3CN. Protons due 

to free acetonitrile are observed around 6 2.2. However, upon 

coordination, the methyl protons of CH
3

CN shift downfield by 

6 0e'3 (to b 2.5). A signal at b 3.55 could be assigned to 

methyl protons of S-bonded Me
2
so molecules. The ratio of the 

areas under the two signals is 3:2 thereby conforming the 

presence of three acetonitrile (9 H) and one Me
2
so (6 H) 

molecule in the complex. 

With sOdium diethyldithiocarbamate. The reaction of 

L-Rui
2

(Me
2
so)

4
_7 with sodium diethyldithiocarbamate led to the 

formation of L-Ru(Et2Ncs 2 ) 2 (Me 2so) 2~. This compound was 

37 - -obtained by Evans~~ by the reaction of L RuC1
2

(Me
2
so) 4_/ 

-1 with the ligand. The compound showed a strong band at 1490 em 

characteristic ofV CS for the bidentate diethyldithiocarbamate 

38 -1 _\ groups. Another strong band at 1075 em is due the v so 

(S-bonded) of the Me
2
so groups. 

Electronic Spectra 

Electronic absorption spectra of all the complexes 

Table v.3)showedsome absorptions in the 350-500 nm region. 

Absorption bands with high£ value (103 -104 ) are largely due to 

charge-transfer transiti~ns whereas bands with 

(10 2-103 ) may be of the d-d type (1~ ~ - - -"lg 

lower f. value 

1E or 1A ) 39 
g 2 • 
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CHAPTER VI 

CATIONIC AND ANIONIC COM!?LEXES OF RUTHENIUM (III) : 

~Ru(Me2 so) 6_7x3 (X= Cl0
4 

or BPh4 ), 

Me
4

N ~RuC14 (Me
2
so) 

2
J AND Et4N L-RuBr 4 (Me2so) 2J. 

Hexakis-dimethylsulphoxide ruthenium(II) cation is 

1-3 reported in the literature by different groups of workers, 

and has been characterized using various physical methods 

3 including X-ray crystallography. The cation is found to have 

three Me
2
so molecules coordinated to ruthenium(II) via the 

oxygen atomsand the rest three Me
2
so molecules, ~the sulphur 

3 
atoms to give the facial isomer of irregular octahedral geometry. 

- -2+ Synthesis of L Ru(Me2so) 6_/ has been achieved either from 

- - - -2+ cis L RuC1 2 (Me2so)
4
_/ or from L Ru(cod) (Me

2
so)

4
_/ • Similar 

cation of ruthenium(III), viz. ~Ru(Me2 so) 6_73 + has been 

reported by Bora and Singh. 
4

' 5 However, these are not vJ'ell 

characterised and our a·ttempts to repeat the preparation accor-

ding to Bora and Singh were unsucessful. The compounds reported 

by Bora and Singh are L-Ru(Me
2
so)

6
_7x

3 
(X= Cl, Br or Cl0

4
). 

The synthesis reported by them make use of RuC1
3 

or RuBr
3

• In 

this chapter, we report the synthesis and characterization of 

~Ru(Me2so) 6_7x3 (X= c1o
4 

or BPh
4

) using i§£ or~ 

L-RuC13 (Me2so) 3_7 or ~Ru2cl 6 (Me2so) 4_7. The ruthenium(III) 
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complex 
cationichas been characterized using various physical methods 

t\ 

and seems to have a structure similar to that of its ruthenium(II) 

analogue. 

The reports on the synthesis and characterization of 

ruthenium(II) and ruthenium(III) complex anions containing 

halide and Me2so ligands are very scarce. Such compound reported 

for ruthenium(II) is ~NMe2H2_7L-Rucl3 (Me 2so) 3_7. 6 
X-ray crystal­

lographic studies and other physical measurements reveal that 

the complex ion has a facial structure and has all S-bonded 

6 Me
2
so groups. The compounds reported for ruthenium (III), viz .• 

M ~RuC14 (Me2 so) 2_7 (where M = Na, NBu
4
), are very poorly 

characterised- 4 and their syntheses are not reproducible. In this 

chapter, synthesis and characterization of some ruthenium(III) 
. 

anions, viz. ~RuX4 (Me2so) 2_7 are described. Use of~ or~ 

L-RuCl3 (Me2so) 3_7 or ~u 2cl6 (Me2so) 4_7 or L-RuBr3 (Me2so)
3
_7 

has been made to synthesize them. 

EXPERIMENTAL 

All the solvents were freshly distilled before use. fac 

and~ ~RuC13 (Me2so) 3_7, ~Ru2cl 6 (Me2so) 4_7 and L-RuBr
3

(Me2so)
3
_/ 

were prepared as described in Chapters II and IV. Analytical 

data and all physical measurements were obtained as described in 

Chapters II and III. Analytical data, molar conductance values 



137 

and magnetic moment o£ the complexes are presented in Table 

VI.1. Important IR and electronic absorption bands are given 

in Table VI.2. 

PREPARATIONS 

To a solution/suspension o£ ~Ru2cl6 (Me2so) 4_7 or fac or 

- - 3 mer L RuCl
3 

(Me2so)
3
_; (0.5g) in ethanol (30 em ), a solution of 

AgCl04 in ethanol (10 cm3 ) (molar ratio 1:4) was added. The 

mixture was stirred at room temperature for 10-12 h and then 

refluxed on a water-bath for 1 h. The solution was cooled to 

room temperature and centrifuged out the precipitated AgCl. 

To the light violet mother liquor, dimethylsulphoxide (1 cm
3

) 

was added and stirred at room temperature for 2-3 h. The solution 

was concentrated on a water-bath to a small volume ( ~ 2cm3 ). 

It was cooled in ice and methanol was added to precipitate the 

violet compound. The compound was recrystallized from acetone 

and dried in vacuo. Yield 0.82g ( ---75%). It was analysed for 

~Ru(Me2 so) 6_7L-Clo4_73 • 

L-Ru(Me2so) 6~L-Cl04_73 (0.2g), was dissolved in acetone 

(10 cm3 ) and a solution o£ NaBPh
4 

(0.25g) in acetone (10 cm3 ) 

was added to it. The reaction mixture was stirred at room 
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tempera·ture for 1 h, when the colour changed from violet to 

green. The green solution was concentrated at room temperature, 

to small volume ( --.. 2 cm3 ) • Methanol was added to precipitate 

the light green compound. The compound was centrifuged, washed with 

little acetone and dried in vacuo. It was analysed for 

L-Ru
2
cl

6
(Me

2
so)

4
_7, or~ or~ L-RuC1

3 
(Me 2so)

3
_/ 

(O.Sg) was dissolved in methanol (20 cm3 ). A solution of 

tetramethylammoniu~ chloride (0.2g) in methanol (5 cm3 ) was 

added to it and the reaction mixture was refluxed on a water 

bath for 1 h. After concentrating and cooling the solution to 

room temperature, orange crystals separated out. The compound 

was centrifuged, washed with diethyl ether and dried in vacuo. 

- ( - 3 L RuBr3 Me 2so)
3
_/ (0.3g) was dissolved in methanol (20 em ) 

and a solution of tetraethylammonium bromide (0.15g) in methanol 

(10 cm3 ) was added to it. The reaction mixture was refluxed for 

10 min, concentrated and cooled to room temperature. Violet 

crystals separated out which were centrifuged, washed with 

methanol and dried i-n vacuo. Yield 0.3g ( --- 80%). It Has 

analysed for Et
4

N L-RuBr
4
.(Me

2
so)

2
_/. 
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RESULTS AND DISCUSSION 

LRu (Me2so) 6_;x3 (X == Cl, Br or ClO 
4

) v?ere reported by 

4 5 - - ) Bora and Singh,. ' L. Ru (Me2so) 6_;x3 (X = Cl or Br \vere synthe-

sized by them using RuC1
3

.xH2o or RuBr3 .xH20. However, our 

attempts to synthesize these compounds according to Bora and 

Singh were unsuccessful. ~Ru(Me2so) 6_/(Cl04 ) 3 was reported by 

the metathesis of LRu (Me2So) 6_/c13 with s1lver perchlorate. 4 

We have synthesized ~Ru(Me2so) 6_/(clo4 ) 3 by the reaction of 

~Ru2c1 6 (He2so)4_/ or ~ or!!!:=£. L-Ruc13 (Me2So) 3_/ with silver 

perchlorate in presence of excess dirnethyisulphoxide. A meta­

thetic reaction of L.-Ru(Me2so) 6_7(clo
4

) 3 with NaBPh4 resulted 

in ~Ru(Me2so) 6_/(BPh4 ) 3 • 

The compositions of L-Ru(Me2So)
6
_/x

3 
(X= c1o

4 
or BPh4) 

were confirmed \vith the help of analytical data (Table VI.l). 

The molar conductance values for these complexes in acetonitrile 

was about 350 J2-1cm2mol-l which is nearly the expected value for 

a 1:3 electrolyte. 7 TheIR spectra of these complexes are similar 

to those of the reported ruthenium(II) complexes, viz. 

L.-Ru(Me2so) 6_7x2 (X== BF4 or BPh4). 2' 3 TheIR spectrum of 

L.-Ru(Me2so) 6_/(cl04) 3 (Fig VI.la) was superinwosable with that 

- - 1 of L Ru(Me2so) 6_/(Cl04 ) 2, prepared according to Evans et al. 

The IR spectrum of the compound L-Ru(Me2so) 6_/Ccl04) 3 , showed 

-1 strong absorption at 1140, 1120 and 1090 em in the region 

1150 - 1050 cm-1 • These bands may be due to ~ SO of S-bonded 



Table VI.1 Analytical and Physical data of some Cationic and Anionic 

Complexes of Ruthenium(III) 

-~---·---

Compounds 

r 
I 

~Ru(Me2so) 6_/(Cl04 ) 3 

L-Ru(Me
2
so)

6
_/(BPh

4
)

3 

Me4N ~RuC14 (Me2so) 2_7 

Et4N L-RuBr
4

(Me
2
so)

2
_/ 

Analysisa(%) 

Colour M.P. °C 

c H N 

Violet 120 16.2 4.2 
(16. 2) (4. 2) 

Light 170 65.2 6.0 
green (65.8) (6.3) 

Orange 260 (d) 20.1 5.3 2.7 
yellow (20. 3) (5 .1) (2. 9) 

Violet 205-208 20.8 4.9 1.8 
(20. 4) (4.5) (2 .o) 

a, Calculated values are in parentheses 

b, in methanol 

d 1 decomposes 

I 
I 
I 

: Conductance 
I in 

: ..0.. - 1cm2mol-1 
I in c~3 cN I 

350 

340 

128 

115b 

1 fleff at 
I 
I RT in &M. I 

1.9 

1.8 

1.92 

1-' 
!P­
o 
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Table VI.2 Important IR and electronic absorption bands 

of cationic and anionic complexes of Rutheniurn(III) 

Compounds 

s, strong; 

sh, shoulder 

IR 

bands in 

-1 
ern 

1140s, 1120s, 1090s, 

925rn, 480rn-w, 429rn-w 

1570rn, 1470rn, 1120s, 
920s, 700s, 480m-w, 
430m 
1120s, 955rn-w, 

415rn, 

345s, 330s, 265m, 

225m 

1080w, 1060w, 

1030m-s, 997rn-s, 

977rn-s, 

290m, 235m, 208m, 

195m 

m, medium; w, weak; 

Electronic absorp­

tion bands 

\ in n • rn ( E. ) 
/\max 

in CH
3

CN 

575 (320) 

475 (350) 

405 (4520) 

292 (1220) 

535 (1260) 

490 (1180) 

440 (1880) 

385 sh 
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Me 2so and due to ionic c104.8 
The IR spectrum of 

L-Ru(Me
2
so)

6
_/(BPh

4
)

3 
(Fig VI.1b) showed only one absorption in 

that region at 1120 crn-1 which can unambiguously be assigned to 

~ so of S-bonded Me2so groups. Thus;for L-Ru(Me2so) 6~(Cl04 ) 3 , 

the absorption at 1120 crn-1 can be assigned to~· so of S-bonded 

-1 Me
2
so and the absorption at 1140 and 1090 em to ionic perchlora·te. 

F rth b d t 925 - 1 f d. . t 't b d u er one an a ern o me ~urn ~n ens~ y was o serve 

for ~Ru(Me2so) 6_7x3 (X= c1o
4 

or BPh4 ),which could be assigned 

to~ SO of the 0-bonded Me2so groups. The positions of IR bands 

due to 1 so (S-bonded) and ..V SO (0-bonded) observed for 

L-Ru(Me
2
so)

6
_7x

3 
are same as reported for the ruthenium(II) 

analogues, ~ L-Ru(Me2so)
6
Jx2 (X= BPh4 or BF4 Y. 2 ' 3 In the 

far IR region, bands of weak to wedium intensity were observed 

at 480 and 429 ern - 1 which may be assigned to_;;. Ru-O and ..V Ru-S 

respectively. 9 ' 10 Besides the bands described above IR spectr~~ 

of ~Ru(Me2so) 6_/(BPh4 ) 3 , showed bands at 1570, 1470, and 700 cm-1 

also, which are characteristic of the presence of BPh
4

-

- - -2+ An X-ray crys·tal study of BF 
4 

salt of L. Ru (Me2so) 6_; 

. 2 
an~on. 

3 revealed 

that the ruthenium(II) was coordinated to three Me
2
so molecules, 

via the oxygen atom and to the rest three Me
2
so molecules, via 

the sulphur atom, to give the facial isomer having c3v symmetry. 

- -3+ As the IR spectrum of L. Ru(Me2so)
6
_/ is superimposable to that 

- -2+ of L. Ru (Me 2so) 6_; , we also propose a structure for the 

ruthenium(III) cationic complex, same as for the ruthenium(II) 

cationic complex. EPR spectral observation (discussed lnter) also 

support the same. 
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The magnetic moment value observed at room temperature for 

LRu(Me
2
so) 6_}(Cl04 )

3 
was 1.9 B.H., characteristic of a low-spin 

d 5 , ruthenium(III) system. 'rhe EPR spectrum of LRu(Me2so) 6_/(Cl04~ 
in powder form at room temperature, (Fig VI. 2) showed tvro signals 

at g = 2.31 and 1.88. If one presumes, three S-bonded Me 2so and 

three 0-bonded Me2so groups bonded to the metal to give a facial 

isomer (vide supra) a c 3v symmetry is expected. For such 

ruthenium(III) compounds having facial geometry, generally a two 

line spectrum is observed. 11, 12 The electronic absorption spectrum 

of ~Ru(Me2so) 6~(Cl04 ) 3 in acetonitrile in the visible region 

showed a broad band at 575 nm having molar extinction coefficient 

( f ) , 320. Absorption in rutheni~ (III) system with E = 10 2 could 

normally be assigned due to spin allowed d-d transition. 13 Thus 

575 nm band may be assigned to one of the d-d transition, ~· 
2T 2 2T 2 Thus, l'llith the help 2 A2, 1 or T2 • of the above 

studies, a facial structure with three S-bonded and three 

;- -3+ 0-bonded Me2so groups, for L Ru(Me2so)
6
_; is proposed. 

The complex ion L-RuC1
4

(Me
2
so)

2
_7- was reported by Bora 

- - 4 and Singh from L Ru(Me
2
so)

6
_/cl

3
_ As described earlier, synthesis 

of LRu(Me2so) 6_7cl3 according to Bora and Singh was not reprodu­

cible, hence the synthesis of i~ucl4 (Me
2
so)

2
_7- could not be 

reproduced. We have achieved the synthesis of Me
4

N L-RuC1
4 

(Me
2
so) 2_/, 

using L-Ru2cJ. 6 (Me2so)
4
.J, fac or~ i-RuC13 (Me2so)

3
_7. 

Et4N LRuBr4 (Me
2
so) 2_7 has been synthesized using ~RuBr3Me2so) 3_/. 
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The compositions of Me4N ~Rucl4 (Me 2so) 2_7 and 

Et
4

N ~RuBr4 (Me 2so) 2_7 were confirmed with the help of 

analytical data (Table VI.1). The molar conductance values for 

the compounds in acetonitrile were about 120 J2 - 1cm2mol-1 

which is characteristic of their 1:1 electrolyt~behaviour. 

The IR spectra of Me4N L-RuC1
4 

(He 2so) 2_7 (Fig VI.3) 

obtained from L-Ru2cl
6

(Me2so) 4_/ or fac or~ ~Ruc13 (Me 2so) 3_7 

were superimposable, whj_ch means the mode of coordination of 

Me2so to ruthenium in L-Rucl4 (Me2so) 2_/ is independent of the 

starting compounds (having either completely S-bonded Me2so 

molecules or both Sand 0-bonded Me2so molecules). The complex 

anion has only S-bonded Me2so groups, evident from the presence 

of a strong band at 1120 cm-1 due to~ SO' (S-bonded Me2so). 

A band of medium to weak intensity was observed at 955 cm-1 

which is due to the presence o£Me
4

N + cation. The possibility 

of the presence of this band due to~ so of 0-bonded He2so 

cannot be . ruled out. However, looking at its intensity 

(medium to weak) and comparing iN"ith that of 1120 em - 1 band, it 

seems unlikely that the band is due to ~ SO of 0-bonded Me 2so. 

Further, an absorption at 415 cm-1 

_) 9 10 
~ Ru-s•' Four bands at 345(s), 

could be assigned due to 

330(s), 265(m) and 225 (m)cm-1 

were observed in the region 350 - 200 cm-1 • If one presumes a 
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trans geometry for the complex leading to D4h symmetry, according 

to group theory, only one absorption band due tov Ru-Cl is 

expected, whereas for a cis complex four~ Ru-Cl are expected. 

Thus the four absorptions in the region 350 - 200 crn-1 may be 

assigned due to V Ru-Cl of the cis ~Rucl4 (Me2so) 2_7 -,similar 

to four vPt-Cl at 353, 344, 330 and 206 crn-
1 

for 

cis ~Ptcl4 (NB3 ) 2_;. 14 Hence a~ geometry for ~Rucl4 (Me2so) 2_/­
is proposed. 

TheIR spectrum of Et
4

N ~RuBr4 (Me2so) 2_/ (Fig VI.4), 

showed two weak bands at 1080 and 1060 crn-1 and three bands of 

medium to strong intensity at 1030, 997 and 977 crn-1 in the 

region 1100 - 900 crn-1 • The bands at 1080 and 1060 crn-1 are 

-1 (r present in Et4NBr. A band at 1030 em could be due to f ~cH3 ) 

-1 of Me2so. The bands at 997 and 977 ern may be assigned due to 

~ 80 of 0-bonded Me
2
so molecules. Thus in L-RuBr

4
(Me

2
so)

2
_/ -, 

the mode of coordination of Me
2
so to ruthenium most probably 

remains 0-bonded, same as that of the starting compound, viz. 

L-RuBr3 (Me2so) 3_7. The spectrum in the region 350- 180 cm-1 

showed medium intensity bands at 290, 235, 208 and 195 cm-1 • 

These bands may be assigned due to~ Ru-Br• Presence of four 

bands due to~ R B is indicative of a cis geometry, for 
u- r ---

~RuBr4(Me2so)2_/: similar to ~Rucl4 (Me2so) 2_7- (vide supra). 
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The magnetic moment values, ~ff' for the two anionic 

complexes are 1.8 and 1.9 BM, thereby confirming that the 

complexes contain low-spin, d5 ruthenium(III). The EPR 

spectrum of Et4N ~RuBr4 (Me2so) 2_7 in powder form at room 

temperature showed a broad signal at g = 2.17. However, 

for a cis geometry of the complex (vide supra) one expects 

g F g F g and hence three g values are expected. The 
X y Z 

presence of one broad signal at g = 2.17 means that the 

symmetry around ruthenium(III) is close to cubic which is 

possible if one assumes that the 0-bonded Me2so groups and 

the bromides have similar ligand field. Similar observations 

were made for ~RuBr3 (Me2so) 3_7 (discussed in Chapter IV). 

The electronic absorption spectrum of L-RuCl4 (Me2so) 2_7-

in CH3CN (Fig. VI.5a) showed one band of low intensity at 475 nm 

( £ = 350) and two bands of higher intensities, viz. at 405 nm 

( £ = 4520) and at 292 nm (f = 1220). The band at 475 nm may be 

2 2 assigned due to one of the d-d transition of the type T2 ~ A2, 

2T1 or 2T2• Other bands may be mostly due to charge-transfer 

type of transitions from ligand to the metal. The electronic 

absorption spectrum of L-RuBr4 (Me2so) 2_7 in methanol (Fig.VI.5b) 

showed bands at 535 nm ( €.= 1260), 490 nm (E.= 1180), 440 nm 

(E= 1880) and a shoulder at 385 nm. Since all these bands have 

t V,alues around 103 , these may be assigned to charge transfer 

type of transition from ligand to the metal as in the case of 

its chloro-analogue. 
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CHAPTER VII 

CONVENIENT SYNTHESIS OF BIS(2,2'-BIPYRIDYL) 

COMPLEXES OF RUTHENIUM(III) AND TRIS(2,2'­

BIPYRIDYL) OR (1,10-PHENANTHROLINE) COMPLEXES 

OF RUTHENIUM(II) 

AND 

149 

NOVEL SYNTHESIS OF L-Ru(1,10-PHENANTHROLINE) 2Br2_/X 

(X = Br, Cl04, BPh4 ) 

The chemistry of diimine complexes of ruthenium(II) 

and ruthenium(III) is interesting because of their physical, 

chemical and structural properties. The attention of inor-

ganic chemists during the past decade has been focussed on 

- -2+ the chemistry of L Ru(bipy) 3~ and its derivatives due to 

a unique combination of chemical stability, redox properties, 

excited state reactivity, luminescence emission and excited 

state life time. In particular, the ruthenium(II) diimine 

complexes have played and are still playing a key role in 

the development of photochemistry, photophysics, photo-

catalysis, electrochemistry, photo electrochemistry, chemi-
1 and electrochemi- luminescence and electron and energy transfer. 
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As a result of which, such complexes are being considered 

as promising candidates for the role of ideal photocatalysts 

for the visible light photoinduced decomposition of water 

into dihydrogen and oxygen. The interest in evolving easy 

methods of synthesizing these compounds continues, besides 

studying their physical, chemical and photo~talytic 

behaviours in detail. 

Synthesis of ruthenium(III) complexes containing 

(mono, bis or tris) 2,2'-bipyridyl or 1,10-phenanthroline 

is generally achieved by the oxidation of their rutheniurn(II) 

2-5 6-10 analogues with (i) chlorine, (ii) a cerium(IV) compound, 

(iii) lead(IV) oxide11 , 12 or (iv) silver nitrate. 6 Recently 

K L-Rucl4 ~ipy)_/ and L-RuC1
3 

(bipy)_/ were reported from 

13-15 - -RuC13 .xH2o. The synthesis of L Ru(bipy) 2cl 2~cl.2H2o was 

first described by Bailer et al. 4 by the oxidation of 

~Ru(bipy) 2 <c2o4 )_/ with chlorine. Latter, Fergusson and 

Harris5 obtained this compound by the oxidation of 

L-Ru(bipy) 2cl 2~ with chlorine. Syntheses of 

~Ru(bipy) 2cl2~cl.2H2 0, described above, involve two steps, 

(i) preparation of a ruthenium(II) complex containing 2,2 1
-

bipyridyl and {ii) its oxidation using chlorine. Recently 

Bottomley and Mukaida16 have reported a one pot synthesis of 

the ruthenium(III) complex described above. In this chapter, 

we describe a very simple method of synthesising 
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L-Ru(bipy)
2
cl

2
_/cl.2H2o, by the metathesis of Me 2so groups 

in an easily synthesised ruthenium(III) compound, viz. 

- ( - 17 fac- or~- L RuCl3 Me2so) 3_/. 

Reports on the synthesis of ruthenium(III) complexes 

containing (mono or bis) 2,2 1-bipyridyl or 1,10-phenanthro­

line and bromide ligands are very few. ~RuBr2 (py) 2 (bipy)_/Cl04 
and ~RuBr(py) 3 ~ipy)_/L-Clo4_72 were reported by the oxida­

tion of their ruthenium(II) analogues with cerium(IV) ammonium 

2 - -sulphate. NH4 L RuBr4 (bipy)_/ ''ITas reported by the metathesis 

and reduction of L-RuCl 4 (bipy)J with HBr and NH4Br. 2 

L-Phen H_/~RuBr4 Cphen)_/H2 o was reported by the metathesis 

of K2 L-RuC15 (H2o)_/ with HBr and NH4Br in ~ and reaction 

with 1,10-phenanthroline. In this chapter, we report the 

synthesis of a new ruthenium(III) complex, viz 

L-Ru(phen) 2Br2_/Br, by a simple substitution of Me2so with 

1,10-phenanthroline in L-RuBr3 (Me2so) 3_718• This is the first 

example of a ~(1,10-phenanthroline) ruthenium(III) complex 

containing bromide ligands. Chloro-analogue of this ruthenium(ITD 
3 complex is known. 

Various methods have been described for the synthesis 

of ruthenium(II) complexes of the type, L-Ru(L-L) 3_7x2 .nH
2

o 

(L-L = bipy or phen, X = Cl, Br, I, Cl04 etc). 
19 

Most of the 

methods make use of commercial RuC13 .xH20; a ruthenium(III) 

compound, viz. K2 L-RuC15 (H2o)J; or ruthenium(IV) compounds, 
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viz. K
2 

l-RuC1
6
_/ or K

4 
~Ru2oc110_7. In most cases, excess 

of the ligand acts as a reducing agent to give the ruthenium(II) 

compounds, ~Ru(L-L) 3_;x2 .nH2 0• We report here a simple 

method of complete substitution of chloro and Me2so groups 

from~ or~ l-RuC1
3

(Me
2
so)

3
_7 by 2,2 1 -bipyridyl or 

1,10-phenanthroline to give ~Ru(L-L) 3_/x2 .nH2 o. Substitution 

reactions of ~RuC1 2 (Me 2so) 4_7 with 2 1 2 1-bipyridyl or 

1,10-phenanthroline were reported to give partially substi-

20 tuted products only. 

EXPERIMENTAL 

All the solvents were freshly distilled before use. 

~and~ l-RuC1
3

(Me 2so) 3_/ and ~RuBr3 (Me 2so) 3_/ were 

prepared as described in Chapter .II and Chapter IV respec-

tively. Analytical data and other physical measurements, yiz. 

1 IR, HNMR, EPR, AJ were obtained as described in Chapters 
,-~eff 

II and III. Analytical data and molar conductance data are 

reported in Table VII.l. Electronic absorption spectral data 

are given in Table VII.2. 

PREPARATIONS 

To a solution of fac.or ~ l-RuC13 (Me2so) 3_7 (0.2g) 

in methanol (10 cm3 ), 2 1 2 1 -bipyridyl (0.11g) (molar ratio, 
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1:1.5) was added and refluxed on a water-bath for 30 min. In 

case of~ ~Rucl3 (Me2so) 3_7, the product separated out on 

cooling, whereas in case of fac ~RuC13 (Me2so) 3_7, diethyl 

ether was added to precipitate the orange coloured compound. 

It was centrifuged, washed with ether and dried !g vacuo. 

Yield o.1Bg, (75%). 

To a solution of ~Ru(bipy) 2cl2_/cl.2H2 o (0.2g) in 

methanol (10 cm3), a solution of NH4c1o4 (0.05g) in methanol 

(5 cm3) was added and the mixture was refluxed on a water-bath 

for 15 min, concentrated and cooled to room temperature. 

Brown crystalline compound separated out. It was centrifuged, 

washed with ether and dried in vacuo. 

To a s~lution of ~RuBr3 (Me2so) 3~ (0.2g), in toluene 

3 (10 em ) , 1 1 10-phenanthroline (0.1g) (molar ratio 1 :1.5) was 

added and warmed on a water-bath for 10 min. A compound separa-

ted, which was centrifuged, washed with ethanol and then with 

ether and dried!£ vacuo. Y~eld o.16g, (66%). 

(d) L-Ru(phen) 2Br2_7x, (X= c1o4, BPh4 ) 

~Ru(phen) 2Br2_7Br (0.2g), was dissolved in methanol 

(20 cm3) and a methanolic solution of NH4Cl0 4 or NaBPh4 
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(molar ratio of the complex : X= 1:1.5) was added to it. In 

case of NaBPh
4 

an orange compound separated on mixing at room 

temperature, whereas in case of NH4Cl04, refluxing of the 

mixture for 30 min and cooling to room temperature yielded a 

brown crystalline compound. The compounds were centrifuged, 

washed with ether and dried in vacuo. 

To a solution of~ or~ L-RuC13 (Me2so) 3_/ (0.2g) in 

ethanol (20 cm3·), 2,2 1 -bipyridyl (0.22g) (molar ratio 1:3) 

was added and refluxed the mixture for 2 h, when a dark orange 

solution was obtained. The solution was concentrated to ~5cm3 , 

cooled to room temperature and diethyl ether was added to 

precipitate the compound. The compound was centrifuged, washed 

with ether and dried in vacuo. Yield 0.2g, (65%). 

~RuBr3 CMe2so) 3_/ (0.2g) was dissolved in ethanol (20 cm3 ) 

and a solution of 21 2 1 -bipyridyl {0.2g) (molar ratio ~1:4) in 

ethanol was added to it. The mixture was refluxed for 2 h when 

an orange coloured solution was obtained. The solution was 

concentrated, cooled, and diethyl ether was added to precipitate 

a yellow orange compound. It was centrifuged, washed with ether 

and dried in vacuo. Yield o.18g, ( _.72%) .-
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To the orange coloured solution obtained in reaction (e) 

or in reaction (f) above, ~n ethanolic solution of NH4Cl04 or 

NaBPh4 (molar ratio of the complex : X= 1:3) was added. In 

case of NaBPh4, the miAture on stirring at room temperature 

for 5 min. yielded an orange coloured compound, whereas in case 

of NH4Clo4, refluxing of the mixture for 15 min and cooling to 

room temperature yielded the red crystalline compound. The 

compounds were separated as in (e) above. 

fac or~ L-RuC13 (Me2so) 3_7 (0.2g) was dissolved in 

ethanol (5 cm3) and 1,10-phenanthroline (0.28g) (molar ratio 

1:3) was added to the solution. To the above reaction mixture, 

toluene (10 cm3 ) was added and heated on a water-bath for 2 h. 

The solution was concentrated ( ........... 5 cm3 ) and an ethanolic 

solution of NH
4
c1o

4 
or NaBPh

4 
(molar ratio of the complex : X = 

1:3) was added. Complexes separated in similar way as in 

reaction (g) above. 

RESULTS AND DISCUSSION 

Synthesis of rutheniurn(III) complexes containing 21 2 1
-

bipyridyl or 1,10-phenanthroline were generally reported by 

2-12 the oxidation of their ruthenium(II) analogues. Only, in 
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case of mono diimine complexes, direct reactions of commercial 

,13-15 RuC13.xH20 with the diimines -vrere reported. We have been 

able to achieve the synthesis of bis diimine ruthenium(III) 

complexes using easily synthesizable compounds, viz. fac or 

~ ~RuC13 (Me2so) 3_7 and L-RuBr3 (Me2so) 3_7. Reaction between 

the Me2so complexes and the diimines,resulted under suitable 

condition, complete substitution of Me2so and resulted in the 

formation of L-Ru(bipy) 2cl2_/cl.2H2o and ~Ru(phen) 2Br2_7Br 
respectively. 

L-Ru(bipy) 2cl2_7cl.2H2o, synthesised by the substitution. 

of Me 2so molecules from~ or~ ~RuC13 (Me 2so) 3_7, were 

characterised by the elemental analysis (Table VII.1) and 

various physical methods. Similarly, L-Ru(bipy) 2cl2_7clo4 , 

synthesised by the metathesis of the chloro-compound, was 

also characterised. The electronic absorption spectra of these 

compounds in acetonitrile were similar to the ones reported 

earlier. 4- 6 ' 16 TheIR spectrumshowed complete substitution of 

Me2so groups. All characteristic IR bands due to bipyridyl were 

observed. Far IR spectra showed two bands at 340 and 320 cm-1 

which may be due to~ Ru-Cl' similar to those 
4 

reported earlier.-

Presence of two bands due to -\) Ru-Cl conforms to the cis 

geometry of the complex in solid state. 4 
In of case 

L-Ru(bipy) 2cl2_7clo
4

, a very strong band at 1090 -1 also em was 

observed, which is characteristic of the Cl04- group present in 

the ionic fashion. 21 An EPR spectrum of L-Ru(bipy) 2cl2_/cl.2H20 
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6. 

7. 

s. 

Table VII.1 Analytical and Physical data of Ruthenium(III) and Ruthenium(II) 

Complexes containing 2,2'-Bipyridyl or 1,10-Phenanthroline 

I I 

j\M 
I 

' I I 

Analytical dataa(%) I I I 
I I I 
I : . fl.. -1 2rro1Dl-Compounds :Colour 1 ln em 1 
I I I c I H I N I : in CH3CN I I I 
I I I I 

------ ~ 

~Ru(bipy) 2c1 2_/c1.2H2 0 Orange 120 43.1 {43.2) 3.8(3.6) 9.9 (10.1) 

L-Ru(bipy)
2
ci

2
_/clo

4 Brown 130 41.0 (41.1) 2. 9 (2. 7) 9.4 (9. 6) 

L~u(phen) 2Br2_/Br Brown 118 41.0(41.1) 2.6(2.3) 7.7 (8. 0) 

L~u(phen) 2Br2_7cio4 Reddish 120 39.6 (39. 9) 2.0 (2.2) 7.6 (7. 8) 
brown 

~Ru(phen) 2Br2_/BPh4 Orange 120 61.0 (61.2) 3.6 (3.8) 5.6 (5. 9) 

L~u(bipy) 3_/cl2 .H2 o Orange 220 54.3 (54. 7) 3. 6 (3. 9) 12.5 (12. 8) 

L-Ru(bipy)
3
_/Br

2
.2H2o Yellow 260 42.4(42.6) 3. 8 (3. 3) 9.7 (9.9) 

orange 

~Ru(bipy) 3_/(Cl04 ) 2H2 0 Red 230 45.9 (45. 8) 3. 2 (3. 3) 10.6 (10.7) 

Table VII.l continued 

1-' 
Ul 
-...] 
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10. 

11. 

-. 

Table VII.l continued 

I 

: AM ; 
Compounds : Colour : . _1 2 4 : Analytical data a(%) 

I J.n 11 Cffiffi0I1r---------~---------:--------
: , I : I 

1 J.n CH
3

CN : c 1 H : 
I I I I N 

I 1 

L-Ru(bipy)
3
_7(BPh

4
)

2
H2o Orange 220 76.0(76.3) 5.6 (5. 5) 6.7 (6.9) 

L-Ru(phen)
3
_/{clo

4
)

2
.2H

2
o Brown 210 46.2 (46.4) 3. 0 (3. 0) 8.8 (9.0) 

L-Ru(phen)
3
_7(BPh

4
) 26H

2
o Yellow 220 72.3 (72. 6) 5 .1 (5. 4) 6.0 {6.1) 

orange 

a : Calculated values are in parentheses 

1-' 
U1 
(!) 
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Table VII.2 Electronic Absorption Spectral 

Data of the Complexes 

Compounds A nm ( f: ) in CH3 CN 
max 

420sh; 380 (6.3 x 103 ); 310sh 

295 (2.4 X 104 ) 

425sh; 382 (6.5 x 103 ); 310sh 

295 (2.7 X 104 ) 

560(1.36 X 103 ); 490(4.30 X 103 ); 

395 (3.25 X 103 ); 360(2.93 X 103); 

292sh; 267(4.2 x 104) 

450(1.15 x 104); 420sh; 390sh 

350sh; 288(6.76 x 104); 

254sh; 242 (2.07 x 104 ) 

450(1.12 x 104 ); 430sh; 392sh; 

325sh; 284(7.5 x 10 4); 255sh 

240sh 

450(1.32 x 104); 430sh; 395sh; 

323sh; 286 (7.8 x 104 ); 255sh 

240sh 

442 (1.64 X 104); 418 (1.62 X 104); 

315sh; 285sh; 262 (10.2 x 104 ) 



160 

in powder form at room temperature showed only one broad 

signal around g = 2.15. However, a frozen solution EPR 

spectrum in chloroform at liquid nitrogen temperature 

(Fig. VII.1) gave two g values, g 1 = 2.62 and g 2 = 2.43. 

If one assumes a trans structure in solution, distortion 

from cubic geometry is expected along the Cl - Ru - Cl axis. 

Hence two g values are expected. 

A reaction of ~RuBr3 (Me 2so) 3~ with 1,10-phenanthroline 

yielded a brown compound of the composition, L:Ru(phen) 2Br2_/Br. 

Reactions of L-Ru(phen)
2
Br

2
_/Br with NH

4
Cl0

4 
or NaBP.h4 in 

methanolic solution yielded L-Ru(phen)
2
Br

2
_7x, (X= c1o

4
, 

BPh4 ). All these compounds,~· ~Ru(phen) 2Br2_7x (X= Br, 

Cl04 or BPh4 ) showed molar conductance value in acetonitrile 

in the range 100 - 110 J2-1cm2mol-1 , confirming that these are 

1:1 electrolytes. The IR spectra of these compounds showed 

the presence of all the bands due to 1,10-phenanthroline and 

absence of any Me
2
so groups present. In case of complexes 

containing Cl0
4

- and BPh
4 

anions, IR absorptions at 1085 and 

-1 1580 em respectively were also observed which are characteris-

21 22 tic of the ionic nature of the respective anionic groups. ' 

The magnetic moment (~eff) values at room temperature for 

L~u(phen) 2Br2~r and L-Ru(phen) 2Br
2
_/clo

4 
were 2.2 B M. and 

1.8 B.M respectively, which is characteristic of a low-spin 

d 5 , ruthenium(III) complex. A room temperature EPR spectrum of 

L-Ru(phen) 2Br2~r showed a broad signal at g = 2.18 which 
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further confirms the low-spin d5 configuration for this complex. 

The electronic spectrum of the complex (Fig VII.2) in CH3CN 

showed absorption at 560, 490, 395 and 360 nm in the visible 

region. These absorptions having E. of the order of 103 are 

mostly of the charge transfer type. These bands may be assigned 

to .the charge-transfer from Br- to the empty orbital on thG 

* metal viz. (e ). Similar observations were reported for 
- g 

- - 5 L Ru(bipy)2Cl2_/Cl.2H20. Electronic absorptions in the uv-

region were observed at 292 and 265 nm with E. of the order of 

4 * 10 • These bands may be assigned to IT - TT type of transitions 

in 1, 10-phenanthroline. 5 ' ·23 

L-Ru~ipy) 3~cl 2 and ~Ru(L-L) 3_/x2 .nH2 0 (X= c1o4, BPh4, 

L-L = bipy or phen) were obtained by the reaction of fac or 

~ L-RuC13 (Me 2so) 3_/ with excess of the diimines and metathesis 

of the chloro analogue (obtained in situ), with c1o
4

- or BPh4-

respectively. L-Ru(bipy) 3_/B~2 .2H2 0 was obtained by the reaction 

of ~RuBr3 (Me2so) 3~ with excess of 2,2 1 -bipyridyl. These 

complexes are diamagnetic in nature, thereby confirming that 

ruthenium is present in 2+ oxidation state. The reduction of 

ruthenium(III) in~RuX3 (Me2so) 3_7 (X= Cl or Br) to ruthenium(II) 

in these compounds is achieved by the diimines, which act both 

as the ligand and the reducing agents, in these reactions. In 

fact, most of the methods of preparation of these complexes 

make use of the reaction of ruthenium(III) or ruthenium(IV) 

compounds with the diimines.19 ~Ru(bipy) 3_7x2 .H20 (X= Cl04 
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or BPh
4

) obtained either from fac or~ ~RuC13 (Me2so) 3~ 
or from L-RuBr

3
(Me

2
so)

3
_/ are same as evidenced from the 

overlapping IR and 1H NMR spectra. 

The characterization of these complexes was made with the 

help of analytical data (Table VII.1) and various physical 

methods. The UV-visible spectra of these complexes w·ere super­

imposable with those of the reported ones earlier23- 25 CTable 

VII.2). The IR spectra of all these complexes did not show 

absorption bands due to Me2so groups. All IR absorption bands 

due to 21 2 1-bipyridyl or 1 1 10-phenanthroline were present. 

. 0 0 - 1 The IR spectra of these complexes in the reg1on 35 -2 0 em , 

showed no absorption bands, thereby confirming the absence 

of any covalently bonded terminal chloro groups. Presence of 

ionic Cl04- groups was confirmed by the appearance of a strong 

and broad band at 1085 crn-1 • 21 Presence of BPh4- groups in the 

complexes was confirmed by the appearance of bands at 1575 and 

1480 -1 22 em • 

The 1H NMR spectra of ~Ru(bipy) 3~x2 (X= Cl, Cl04 ) in 

(CD3 ) 2so showed a doublet at 8 8.9, a triplet at b 8.2, and a 

quintet at 6 7. 7. The signals 

~ ( ) -2+ 26 L_Ru bipy 3~ systems. The 

were same as reported for 

1 H NMR spectrum of the compound 

~Ru{bipy) 3_/(BPh4 ) 2 .H2 o showed all the signals as mentioned 

above and more signals in the region 6 6. 7 to 6 7.3 which 

could be assigned due to the phenyl protons of BPh4- groups. 
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The 1H NMR spectrum of L-Ru(phen) 3_/(Cl04) 2 showed signals in 

the region 07.3 - 8.6. The signals are similar to the ones 

27 reported earlier. 
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