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ABSTRACT 

Halogenometalates havmg the composition [Ru(bpy),][Cd,X,,+,] were obtained The 
maxlmum value of n equals 5 for chlorocadmates, and 2 for bromo- and lodocadmates 
Analysis of electron spectra revealed the presence of the [Ru(bpy)j]2” catlon m the com- 
plexes obtamed Thermolysls of these compounds 1s generally single-stage, and 1s accompa- 
nied by a strong exotherrmc effect resulting from combustion of the decomposltlon products 
Decomposltlon temperatures depend on the type and size of the halogenocadmate amens, the 
analysis of wluch enabled the determmatlon of the structure of tns(dlpyndyl)ruthenlum(II) 
hexahalogenodlcadmates 

INTRODUCTION 

Cadmmm halides react with halides of some metals and ammomum 
halides formmg numerous compounds contammg halogenocadmate anions 
[l-8], e g [CdX,]-, [CdX4]*-, [Cd,X,]*-, [CdX,13- and [CdX,14-, where 
X = Cl, Br or I The papers of Selfert and coworkers [9-141 indicate the 
posslblhty of the existence of more complex amons, such as [Cd,Cl,,]*- and 

W,Cl,J- 
A search for lsolatlon methods of the anions from solutions m the form of 

crystalhne compounds contalmng a suitable countenon constitutes a sep- 
arate problem Of great help 1s the hypothesis of Basolo [15] (solid metal 
complexes are stabilized by large counter-ions, preferably ions of the same 
but opposite charge), published m a monograph on stablhzatlon and lso- 
latlon of complex ions m crystalline form from solutions The pertinence of 
this hypothesis m the case of chloropolycadmate amens has been recently 
confirmed by Murzubramow and Toktomamatow [16] Usmg monoproton- 
ated sermcarbavde as a counter-ion, they managed to obtain (CH,N,S)- 

[Cd,W 



We considered the posslblhty of using a large [Ru(bpy)3]2’ cation as a 
counter-ion suitable m the light of Basolo’s hypothesis for stablhzatlon 
[3,15,17,18] for the lsolatlon of salts contammg halogenocadmate amons 

In spite of extensive research on conversion of solar energy using a 
complex [Ru(bpy) 3] 2+ cation [13-221 and a large number of papers on 
halogenocadmates, no data are reported on their compounds On the other 
hand, there are a few reports on thermolysls [23] of the discussed halogeno- 
cadmates and cadnuum compounds with complex cations contammg a metal 
[6] acting as a counter-ion 

EXPERIMENTAL 

Materials 

Hydrated tns(dlpyndyl)ruthenmm(II) halides were obtained by methods 
reported previously [24,25] All the reagents used were analytically pure 

Preparation and chemical analysis of [Ru(bpy),][Cd, X2,, 2 / type halo- 
genocadmates 

In order to obtam the afore-mentioned complexes, hydrated tns(dlpyn- 
dyl)ruthenmm(II) hahdes were dissolved m hot ethanol, the process being 
followed by addition of hot ethanol solutions of suitable cadmmm halides, 
with the molar ratio of Ru Cd being equal to 1 n (n = l-10) Isolated 
precipitates were heated m the mother liquor to bolhng, and subsequently 
filtered and washed wth hot ethanol The preparations obtained were dried 
in air at room temperature 

Halides and cadmmm m the discussed compounds were determmed 
gravlmetncally m the form of AgX and CdNH,PO, H,O [26], respectively 
Ruthenium was determmed spectrophotometrlcally at X,, = 452 nm The 

TABLE 1 

Results of analyses 

No Complex Ru @> Cd (%I 

Found Calcd Found Calcd 

[Ru@py),ltCdC1,1 122 12 27 14 33 13 64 

[Ru(bpy),lDV&l 9 60 10 04 22 03 22 32 

[Ru@py),l[Cd,C1,1 2 5HzO 7 89 8 18 27 93 27 29 

tRu(bpy),I[Cd,Cl,ol 3H,O 7 03 7 08 30 70 3149 

[Ru(bpyMD&CllJ 4&O 6 37 6 20 33 65 34 50 

[Ru@py) 3 IKdk 1 1000 10 09 1140 1122 

[Ru(bpyMCd2Br~l 7 72 7 93 17 86 17 65 

[Ru(bpy),l[CdL,l 8 58 8 50 9 76 9 45 

[Ru(bpy),l[Cd,I,l 6 27 6 49 14 67 14 45 

’ X = Halogen 



C, H, N analyses were performed on a Carlo Erba elemental analyser Model 
1106 

Instruments 

Thermal analysis was carned out using a MOM derlvatograph and 
alundum crucibles Al,O, served as a reference material atmosphere, an-, 
sample weight, 100 mg, heating rate, 10 K mu-l, sensltlvlty of DTA, l/10, 
DTG, l/10, TG, 100, final temperature, 900 o C 

The final products of thermal decomposltlon which remained m the 
crucibles were analysed by X-ray radiography using a DRON-2 dlffractome- 
ter and Cu K, radiation 

Absorption spectra and determmatlon of ruthemum were carned out 
using a SPECOL-10 spectrophotometer 

RESULTS AND DISCUSSION 

The afore-mentioned complexes were obtamed as a result of the reaction 
of tns(2,2’-dlpyndyl)ruthemum(II) hahdes with cadmmm(I1) hahdes m 
ethanol, according to the followmg equation 

[Ru(bpy),lX, + nCdX, + [Ru(bpy),l [Cd,X,,+,] 

where the maximum value of n equals 5 for chlorocadmate complexes and 2 
for bromo- and lodocadmates The same reagents react m water according to 
the followmg equation 

[Ru(bpy),]X, + CdX, + [Ru(bpy),] [CdX,] 

whereas lodldes additionally form hexalododlcadmates, as they do m ethanol 

x 6) = c cc> 
Found Cakd Found Calcd 

17 04 17 21 43 14 43 74 
2106 21 12 36 36 35 78 
23 60 22 96 30 30 29 16 
24 95 24 83 25 93 25 24 
25 77 26 11 23 28 22 12 
32 17 3191 32 75 35 97 
37 16 37 64 28 28 28 29 
42 44 42 67 30 20 30 26 
49 26 48 94 23 17 23 16 

H @> N @I 
Found Calcd Found Calcd 

2 87 2 94 10 27 10 20 
2 34 2 40 7 17 8 34 
2 25 2 37 6 64 6 80 
181 2 12 4 60 5 89 
160 198 3 25 5 16 
2 16 2 39 8 39 8 39 
188 1 88 6 91 6 59 
20 2 02 6 96 7 06 
156 1 55 6 18 540 
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Fig 1 Thermograms for (A) [Ru(bpy),][Cd,Cls] 2 5H,O, (B) [Ru(bpy),][CdCl,] and (C) 

B@py),lWI,l 

The results of analysis of the compounds obtamed are hsted m Table 1 
According to hterature data [27,28], cadmmm(I1) forms, with dlpyndyl, 

complexes of the composltlon [Cd(bpy),12+, where n = 1-3 The posslblhty 
of formation of [Ru(bpy),]X, with CdX, had to be taken mto account due 
to the posslblhty of detachment of dlpyndyl from ruthemum In order to 
elucidate ths problem, the orange compounds obtained were analysed 
spectrophotometncally The measured electron spectra were almost the same 
as those of tns(dlpyndyl)ruthemum(II) halides (h,, = 450-452 nm MLCT) 
and were consistent with hterature data [29-311 It follows from the above 
conslderatlons that the Ru-N bond m the [Ru(bpy)J2’ cation does not 
undergo destruction durmg synthesis of the above compounds, which also 
allows for the apphcatlon of spectrophotometry to the determmatlon of 
ruthemum and of the correct formulae of the obtained complexes These 
complexes are spanngly soluble m ethanol, whle m water then solublhty 
decreases with the increase of the halogen radius They do not undergo 
decomposltlon durmg storage m an-, but they do reveal a shght hygroscoplc 
character 

The results of thermal analysis are listed m Table 2 and illustrated m Figs 
la, lb and lc 

It follows from the analysis of the TG curves (Fig la) that the water-con- 
tammg compounds obtained start to dehydrate at 50 o C The final tempera- 
tures of dehydration are 220, 200 and 210°C for [Ru(bpy),][Cd,CI,] 

2 5H2Q [Wbpy)31[CW1101 3H20 and DWm931[Cd5C~121 4H2Q re- 
spectively 

The thermograms (DTA curves) of the investigated halogenopolycad- 
mates reveal the presence of endothermal peaks prior to decomposltlon 
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temperature, related to melting points of the obtained compounds Then 
values are hsted m Table 2 and illustrated m Fig la 

The data contained m Table 2 indicate that decomposltlon temperatures 
of the complexes mvestlgated depend on the size and kmd of halogenocad- 
mate anions The phenomenon results from different energies of the 
cadrmum-halogen bond, whch 1s confirmed by the values of the bond force 
constants [32] determmed for the [CdX,12--type amon and equal to 141, 
1 19 and 0 98 N cm-’ for Cd-Cl, Cd-Br and Cd-I, respectively The above 
values indicate that decomposltlon temperatures cannot be compared for all 
the complexes obtamed On the other hand, a distinct Increase of thermal 
stability 1s observed with an increase of the size of the respective amons m 
separate series of tns(dlpyndyl)ruthemum(II) chloro-, bromo- and lodo- 
cadmates 

DTA curves of tns(dlpyndyl)ruthemum(II) tetrahalogenocadmates and 
hexalododlcadmates reveal the presence of characterlstlc exothermal peaks 
followmg directly after the mltlal decomposltlon temperatures Then pres- 
ence probably indicates that the mltlal stages of decomposltlon are of a 
complex nature, are multistage m character and are accompanied by forma- 
tion of intermediates, which can undergo phase transltlons The peaks 
dlscussed are accompanied by small mass losses (TG curves), while no 
changes are observed on the DTG curves (Figs lb, lc) 

Further decomposltlon 1s single-stage, slrmlar to the rest of the mvestl- 
gated compounds, and the strong exotherrmc effect 1s related to combustion 
of the volatile substances formed (Figs la, lb and lc) 

Ruthenmm(IV) oxide 1s the final product of decomposltlon m the case of 
chloro- and bromocadmates, whle a ruthemum-cadnuum alloy with a 
Ru-Cd or Ru-Cd, composltlon 1s formed as a result of decomposltlon of 
lodocadmates The residue was analysed by X-ray analysis Apart from the 
afore-mentloned compound, RuO, was reduced with hydrogen at 500-600 o C 
and the resultant ruthenium was identified 

CONCLUSIONS 

It seems that lsolatlon of [CdnX2n+2]2- complex anions from alcoholic 
solutions was possible by apphcatlon of suitable [Ru(bpy)J2’ counter-ions, 
which stabilize the above-mentioned anions [3,15,17,18] 

The increase m decomposltlon temperatures observed m a given senes of 
the obtained compounds hghhghts the mcrease of the size of the complex 
amens and their stablhzmg effect on thermal stability of the investigated 
compounds [Ru(bpy),]X, compounds (X = F, Cl, Br or I) reveal smular 
behavlour, their decomposltlon temperatures also increase with an Increase 
of the lomc radius of the halide Ions [24,33-351, which 1s consistent with 
Basolo’s conslderatlons 
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The formulae of the compounds obtamed with composltlon [Ru(bpy),]- 
[Cd,X,] can be also written as [Ru(bpy),][CdX,],, however, If such 1s the 
case their decomposltlon temperatures should be lower than that of 
[Ru(bpy),][CdX,] because of the smaller size of [CdXJ amens Therefore, 
It seems more probable that [Cd,X,]*- amens occur m the compounds 
exammed Then structure has been established [2,4,5] and can be presented 
m the followmg manner 

x\cd/x\cd/x 
x’ ‘x’ ‘x 

L -I 

It follows from our mvestlgatlons and literature data that the composltlon 
and structure of halogenocadmate amens depends on the condltlons of 
synthesis, size and kmd of cations, and stolchlometrlc ratios of the reagents. 
as well as radius and electronegatlvlty of the X substltuent 

The electronic structure of a compound of a type snmlar to that presented 
m tl-us paper has been recently dlscussed by Canadell and Elsenstem [36] 
On the basis of theoretlcal calculations they have found that an optimum 
number of valence electrons per MX, molecule 1s 16 and that the X 
substltuent should be characterized by large electronegatlvlty and small size 
These expectations are fully confirmed by the results obtamed-chloropoly- 
cadmate anions with a maxlmum value of n equals 5 can be obtamed when 
X = Cl, whle, when X = Br or I, the maxlmum value of n equals 2 
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