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ABSTRACT

Halogenometalates having the composition [Ru(bpy),;JCd,X,,,,] were obtamed The
maximum value of n equals 5 for chlorocadmates, and 2 for bromo- and 10docadmates
Analysis of electron spectra revealed the presence of the [Ru(bpy);]>* cation n the com-
plexes obtained Thermolysis of these compounds 1s generally single-stage, and 1s accompa-
nied by a strong exothermic effect resulting from combustion of the decomposition products
Decomposition temperatures depend on the type and size of the halogenocadmate anions, the
analysis of which enabled the determunation of the structure of tnis(dipyndyl)ruthemum(II)
hexahalogenodicadmates

INTRODUCTION

Cadmimum hahdes react with halhides of some metals and ammomum
halides forming numerous compounds containing halogenocadmate anions
[1-8], eg [CdX,]™, [CdX,]?*", [Cd,X4]%7, [CdXs]? and [CdX,]*", where
X =Cl, Br or I The papers of Seifert and coworkers [9-14] indicate the
possibility of the existence of more complex amons, such as [Cd;Cl;,]>~ and
[CdsCli]™

A search for 1solation methods of the anions from solutions in the form of
crystaline compounds containing a suitable counterion constitutes a sep-
arate problem Of great help 1s the hypothesis of Basolo [15] (solid metal
complexes are stabilized by large counter-ions, preferably 1ons of the same
but opposite charge), published in a monograph on stabilization and 1so-
lation of complex 10ns in crystalline form from solutions The pertinence of
this hypothesis in the case of chloropolycadmate amions has been recently
confirmed by Murzubraimow and Toktomamatow [16] Using monoproton-
ated semicarbazide as a counter-ion, they managed to obtain (CH¢N,S)-
[Cd;Clg]
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We considered the possibility of using a large [Ru(bpy),]** cation as a
counter-ion suitable n the light of Basolo’s hypothesis for stabilization
[3,15,17,18] for the 1solation of salts containing halogenocadmate anions

In spite of extensive research on conversion of solar energy using a
complex [Ru(bpy);]*" cation [13-22] 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 thermolysis [23] of the discussed halogeno-
cadmates and cadmium compounds with complex cations containing a metal
[6] acting as a counter-10n

EXPERIMENTAL
Materials

Hydrated tns(dipyndyl)ruthenium(Il) halides were obtained by methods
reported previously [24,25] All the reagents used were analytically pure

Preparation and chemucal analysis of [Ru(bpy);][Cd X,,.,] type halo-
genocadmates

In order to obtain the afore-mentioned complexes, hydrated tris(dipyn-
dyDruthenmum(II) halides were dissolved 1n hot ethanol, the process being
followed by addition of hot ethanol solutions of suitable cadmium halides,
with the molar ratio of Ru Cd being equal to 1 n (n=1-10) Isolated
precipitates were heated in the mother liquor to boiling, and subsequently
filtered and washed with hot ethanol The preparations obtained were dried
I air at room temperature

Hahdes and cadmium 1n the discussed compounds were determined
gravimetrically in the form of AgX and CdANH,PO, H,O [26], respectively
Ruthenium was determuned spectrophotometrically at A, =452 nm The

TABLE 1
Results of analyses
No Complex Ru (%) Cd (%)

Found Calcd Found Calcd
1 [Ru(bpy),[CdCl,] 122 1227 1433 13 64
2 [Ru(bpy), [Cd,Cl,] 960 10 04 2203 2232
3 [Ru(bpy);]iCd;Clg] 2 SH,O 789 818 2793 2729
4 [Ru(bpy);[Cd,Cl,o] 3H,0 703 708 3070 31 49
5 [Ru(bpy);[CdsCl,] 4H,0 637 620 3365 34 50
6 [Ru(bpy); [CdBr,] 1000 1009 1140 122
7 [Ru(bpy), [Cd,Brg] 772 793 1786 1765
8 [Ru(bpy); [CdI ] 858 850 976 945
9 [Ru(bpy),][Cd,I4] 627 649 1467 1445

' X = Halogen
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C, H, N analyses were performed on a Carlo Erba elemental analyser Model
1106

Instruments

Thermal analysis was carried out using a MOM denvatograph and
alundum crucibles Al,0, served as a reference material atmosphere, air,
sample weight, 100 mg, heating rate, 10 K min~ ', sensitivity of DTA, 1/10,
DTG, 1/10, TG, 100, final temperature, 900°C

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

Absorption spectra and determination of ruthemum were carried out
using a SPECOL-10 spectrophotometer

RESULTS AND DISCUSSION

The afore-mentioned complexes were obtamned as a result of the reaction
of tns(2,2'-dipyndyl)ruthenmum(Il) hahdes with cadmium(Il) hahdes n
ethanol, according to the following equation

[RU(bPY)3]X2 +nCdX; - [RU(bPY)3] [Can2n+2]

where the maximum value of n equals 5 for chlorocadmate complexes and 2
for bromo- and 10docadmates The same reagents react in water according to
the following equation

[Ru(bpy)3]X2 + CdX, —» [Ru(bpy)3] [CdX4}

whereas 10dides additionally form hexaiododicadmates, as they do 1n ethanol

X(%)*® C(%) H (%) N (%)

Found Calced Found Caled Found Calcd Found Calcd
17 04 1721 4314 4374 287 294 10 27 10 20
2106 2112 36 36 3578 234 240 717 8 34
2360 2296 30 30 2916 225 237 6 64 6 80
2495 24 83 2593 2524 181 212 460 589
2577 2611 2328 2212 160 198 325 516
3217 3191 3275 3597 216 239 8139 8139
3716 3764 28 28 28 29 188 188 691 659
42 44 42 67 3020 30 26 20 202 696 706

49 26 48 94 2317 2316 156 155 618 540
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Fig 1 Thermograms for (A) [Ru(bpy);][Cd,Clg] 2 SH,O, (B) [Ru(bpy);]JCdCl,] and (C)
[Ru(bpy);][Cdl,]

The results of analysis of the compounds obtained are hsted in Table 1

According to literature data [27,28], cadmium(II) forms, with dipyndyl,
complexes of the composition [Cd(bpy),]**, where n =1-3 The possibility
of formation of [Ru(bpy),]X, with CdX, had to be taken into account due
to the possibility of detachment of dipyndyl from ruthemmum In order to
elucidate this problem, the orange compounds obtained were analysed
spectrophotometrically The measured electron spectra were almost the same
as those of tris(dipyridyl)ruthemum(II) halhdes (A ., = 450-452 nm MLCT)
and were consistent with literature data [29-31] It follows from the above
considerations that the Ru—N bond m the [Ru(bpy),;]*>* cation does not
undergo destruction durning synthesis of the above compounds, which also
allows for the application of spectrophotometry to the determunation of
ruthemum and of the correct formulae of the obtained complexes These
complexes are sparingly soluble in ethanol, while in water their solubility
decreases with the increase of the halogen radius They do not undergo
decomposition during storage 1n air, but they do reveal a shight hygroscopic
character

The results of thermal analysis are listed 1n Table 2 and illustrated in Figs
la, 1b and 1c¢

It follows from the analysis of the TG curves (Fig 1a) that the water-con-
taining compounds obtained start to dehydrate at 50° C The final tempera-
tures of dehydration are 220, 200 and 210°C for [Ru(bpy);][Cd;Clg]
2 5H,0, [Ru(bpy);][Cd,Cl;;] 3H,O0 and [Ru(bpy);][Cd;Cl,,] 4H,0, re-
spectively

The thermograms (DTA curves) of the investigated halogenopolycad-
mates reveal the presence of endothermal peaks prior to decomposition
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temperature, related to melting points of the obtained compounds Their
values are listed in Table 2 and 1llustrated in Fig la

The data contamned 1n Table 2 indicate that decomposition temperatures
of the complexes investigated depend on the size and kind of halogenocad-
mate anions The phenomenon results from different energies of the
cadmum-halogen bond, which 1s confirmed by the values of the bond force
constants [32] determuined for the [CdX,]* -type anion and equal to 141,
119 and 098 N cm ™' for Cd-Cl, Cd-Br and Cd-1, respectively The above
values indicate that decomposition temperatures cannot be compared for all
the complexes obtained On the other hand, a distinct increase of thermal
stability 1s observed with an increase of the size of the respective anions in
separate series of tris(dipynidyl)ruthenium(Il) chloro-, bromo- and 10do-
cadmates

DTA curves of tris(dipyridyl)ruthemium(II) tetrahalogenocadmates and
hexaiododicadmates reveal the presence of characteristic exothermal peaks
following directly after the imitial decomposition temperatures Their pres-
ence probably indicates that the imtial stages of decomposition are of a
complex nature, are multistage in character and are accompanied by forma-
tion of intermediates, which can undergo phase transitions The peaks
discussed are accompanied by small mass losses (TG curves), while no
changes are observed on the DTG curves (Figs 1b, 1c)

Further decomposition 1s single-stage, stmilar to the rest of the investi-
gated compounds, and the strong exothermic effect 1s related to combustion
of the volatile substances formed (Figs 1a, 1b and 1c)

Ruthemmum(1V) oxide 1s the final product of decomposition in the case of
chloro- and bromocadmates, while a ruthenmum-cadmium alloy with a
Ru-Cd or Ru-Cd, composition 1s formed as a result of decomposition of
1odocadmates The residue was analysed by X-ray analysis Apart from the
afore-mentioned compound, RuQ, was reduced with hydrogen at 500-600° C
and the resultant ruthenium was 1dentified

CONCLUSIONS

It seems that 1solation of [Cd,X,,,,]*” complex anions from alcoholic
solutions was possible by application of suitable [Ru(bpy),]** counter-1ons,
which stabilize the above-mentioned amons [3,15,17,18]

The increase in decomposition temperatures observed 1n a given series of
the obtained compounds highlights the increase of the size of the complex
anions and their stabilizing effect on thermal stability of the investigated
compounds [Ru(bpy),]X, compounds (X =F, Cl, Br or I) reveal similar
behaviour, their decomposition temperatures also increase with an increase
of the 1onic radius of the halide 1ons [24,33-35], which 1s consistent with
Basolo’s considerations



353

The formulae of the compounds obtained with composition [Ru(bpy);]-
[Cd,X,] can be also wnitten as [Ru(bpy);][CdX,],, however, if such 1s the
case their decomposition temperatures should be lower than that of
[Ru(bpy);][CdX,] because of the smaller size of [CdX,]™ amions Therefore,
1t seems more probable that [Cd,X]*~ anions occur in the compounds
examuned Therr structure has been established [2,4,5] and can be presented
in the following manner

X\Cd/X\Cd/X
N Ny

It follows from our 1nvestigations and hiterature data that the composition
and structure of halogenocadmate anions depends on the conditions of
synthesis, size and kind of cations, and stoichiometric ratios of the reagents,
as well as radius and electronegativity of the X substituent

The electronic structure of a compound of a type similar to that presented
i this paper has been recently discussed by Canadell and Eisenstein [36]
On the basis of theoretical calculations they have found that an optimum
number of valence electrons per MX, molecule 1s 16 and that the X
substituent should be characterized by large electronegativity and small size
These expectations are fully confirmed by the results obtamed—chloropoly-
cadmate anions with a maximum value of n equals 5 can be obtained when
X = Cl, while, when X = Br or I, the maximum value of n equals 2
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