
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 28 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Phosphorus, Sulfur, and Silicon and the Related Elements
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713618290

TELLURITO COMPLEXES: MIXED LIGAND COMPLEXES OF
COBALT(III)
Adel A. A. Emaraa; Faten S. M. Abd El-Hameedb; Saied M. E. Khalila

a Department of Chemistry, Faculty of Education, Ain Shams University, Roxy, Cairo, Egypt b

Department of Chemistry, Faculty of Science, Ain Shams University, Abbasia, Cairo, Egypt

To cite this Article Emara, Adel A. A. , El-Hameed, Faten S. M. Abd and Khalil, Saied M. E.(1996) 'TELLURITO
COMPLEXES: MIXED LIGAND COMPLEXES OF COBALT(III)', Phosphorus, Sulfur, and Silicon and the Related
Elements, 112: 1, 115 — 120
To link to this Article: DOI: 10.1080/10426509608046354
URL: http://dx.doi.org/10.1080/10426509608046354

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713618290
http://dx.doi.org/10.1080/10426509608046354
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Phosphorus, Sulfur; and Silicon 19%. Vol. 112. pp. 115- 120 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1996 OPA (Overseas Publishers Association) 
Amsterdam B.V. Published in The Netherlands 

under license by Gordon and Breach Science 
Publishers SA 

Printed in Malaysia 

TELLURITO COMPLEXES: MIXED LIGAND 
COMPLEXES OF COBALT(III) 

ADEL A. A. EMARA,*,t FATEN S. M. ABD EL-HAMEEDS and 
SAIED M. E. KHALILt 

?Department of Chemistry, Faculty of Education, Ain Shams University, Roxy, 
Cairo, Egypt; $Department of Chemistry, Faculry of Science, 

Ain Shams University, Abbasia, Cairo, Egypt 

(Received August 31. 1995; in final form October 18, 1995) 

New tellurito complexes, [Co(enkTeQ]C1.2H20, [Co( 1 ,2-pn),Te03]C1.7H20. [Co(enX1.2-pn)Te03]C1. 
5H20. and [Co(en),(NH3)(TeO,),,JBr2~ t K B r .  l%HZO where; en = ethylcnediamhe. pn = propylene- 
diamine were synthesized. Infrared spectra of the tellurito complexes indicate that the tellurite ligand is 
coordinated exclusively through two of its oxygen atoms, i.e., in a bidentate form. Visible spectra and 
magnetic moments of the complexes show that they are low-spin and hexacoordinated. The molar con- 
ductances, &, of these complexes in water show that the complexes are completely ionized. 

Key words: Tellurium complexes, I.R. spectra, conductance, low-spin. 

INTRODUCTION 

Inorganic anions are commonly used as ligands in coordination chemistry.'** The 
sulfite ion, SO:- 3-11 and selenite ion, SeOi- ' * - I 3  were previously used as ligands in 
transition metal complexes. In continuation of our studies on the main group VI 
anions, we have found that very limited information is available about the tellurite 
anion as a ligand in coordination chemistry. 

Attempts to synthesize basic tellurites of several transition metal cations have 
succeeded in our laboratory for copper(II), nickel(II), cobalt(II), iron(III), chro- 
mium(II1)  cation^.'^ 

A significant extension of the tellurite chemistry and in particular its coordination 
chemistry, has been achieved by the replacement of the halide ions, C1- and Br-, in 
Co(1II) complexes with the TeOZ- ligand. The present paper outlines the syntheses 
of some mixed tellurite-amine (and ammine)Co(III) complexes. 

EXPERIMENTAL 

Mureriuls. In all preparative work, potassium tellurite, K,TeO3-xH2O (Aldrich) was used without fur- 
ther purification. It was dried at 125°C for four hours and kept in a desiccator before use. Ethylenediamine 
(Merck) was distilled over sodium hydr~xide, '~ b.p. 117- 118°C. 1.2-Propylenediamine was a Merck 
product and used without funher purification. Cobalt(I1) chloride hexahydrate and other chemicals used 
were reagent grade. 

Preparation of Co(I11) Complexes. The starting cobalt(II1) complex, [Co(en),Cl,]Cl, was prepared as 
described in the literature.I6 The [Co( 1 ,2-pn),CI2]C1 and [Co(en)( 1 ,2-pn)CIz]C1 complexes were prepared 

*Author to whom the correspondence should be addressed. 
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116 A. A. A. EMARA et al. 

using the same method,16 replacing ethylenediamine with other diamines or a mixture of them. 
[CO(~~)~@JH,)B~]B~~ * HzO was also prepared according to a literature procedure.” 

The tellurito complexes, Table I, were prepared by reacting each of the four starting cobalt(m) com- 
plexes with KzTe0,-xH20, in the molar ratio 1:l (2:l for the latter complex), both dissolved in a 
minimum amount of water. For the three first complexes, the resultant solution was heated to 60°C for 
several minutes, then 100 ml of methanol were added. A red-purple precipitate was obtained. The 
precipitate was filtered and washed by methanol then air-dried. In case of the latter complex, the aqueous 
solution was heated to 60°C for 5 minutes then 100 ml of methanol was added and the solution was 
stirred for another 3 hours. The solution was evaporated on a water bath till near dryness and then kept 
in air till complete dryness. About 100 ml of ethanol was added to dissolve the resulting C o o  complex. 
The KBr which formed was removed by filtration. Finally, the solid was obtained by the evaporation of 
the solvent, then air-dried. A bright red-purple solid was obtained in each case. 

Physical Measurements and Analyses 

Infrared spectra (4OOO-400 cm-’) of the tellurito complexes were recorded on an FT-IR Monson 4OOO 
spectrometer using KBr discs. Electronic spectra were recorded on a Perkin-Elmer 550 spectmphotometer 
using aqueous solutions of the complexes. Molar conductances of the complexes in water (lo-’ M) were 
measured using a Model LBR 4OA conductivity meter from Wissenschaftlich-Technische Werkstatten, 
D 8120 Weilheim, Germany. 

Microanalyses for carbon, hydrogen, nitrogen and halogen were carried out at the Microanalytical 
Centre, Cairo University, Giza, Egypt. Attempts to estimate C o w )  in the tellurite complexes either by 
EDTA titrations or by atomic spectrophotometry failed to give good results, and this may be attributed 
to tellurium interference. Tellurium(IV) was reduced to elemental tellurium by potassium sulfite and the 
precipitated tellurium was filtered and estimated gravimetrically. The chemical analyses of the complexes 
together with uncorrected melting points are listed in Table I. 

RESULTS AND DISCUSSION 

New tellurite complexes of Co(II1) with different diamine ligands were prepared. 
The tellurite anion may act either as a bidentate chelate or bridging ligand. This is 
accomplished by the replacement of two chloride ligands coordinated .o the central 
cobalt(II1) cation by the tellurite group as in the case of [Co(en),Td0,]C1.2H,0, 
[Co( 1 2-pn),Te03]C1 - 7H,O and [Co(en)( 1 ,2-pn)Te03]C1 * 5H,O, or the replacement 
of one bromide ligand to form bridging tellurite as in the case of [Co(en),(NH3)- 
(Te03),,JBrz*~KBr- 1+H,O. The Co(II1) complexes are soluble in water without any 
change in their colour. The solubility of the complexes in water supports their ionic 
formulae. 

Attempts to prepare [CO(NH,)~T~O~]+; (x  = 4 or 5 )  by replacing the C0:- group 
with Te0:- in [Co(NH,),CO,]+ were unsuccessful. However, basic Co(I1) tellurite, 
CoTeO,.Co(OH),.nH,O, was obtained in both cases. This was confirmed by ele- 
mental analyses and IR spectra. In contrast, we have succeeded13 in synthesizing 
[Co(NH,),SeO,]+ by replacing C0:- with Se0:- in [Co(NH,),CO,]+; ( x  = 4 or 5).  
A Russian has previously studied the interaction of the [CO(NH,),C~]~+ 
complexes with SeOi-, C0:- and Te0:- anions. They found that the stability of the 
complexes decreases in the order Se0:- > C0:- > TeO:-. The formation of basic 
Co(II) tellurite may be due to the hydrolysis of potassium tellurite and the subsequent 
formation of an intermediate metal hydroxide complex. Then tellurite anions can 
then replace hydroxyl groups possibly via a mechanism previously suggested by 
Stranks et aZ.” 
lR spectra are consistent with the formation of tellurito-amine (or ammine) Co(II1) 

complexes in the solid state. The IR spectra of the complexes are compared with 
those of the starting cobalt(1II) diamine complexes. The spectra show strong simi- 
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TELLURlTO COMPLEXES I19 

larities between the two types of complexes. In addition, high intensity absorption 
bands of the tellunte group are present. 

The free tellurite anion, TeOi-, has C,, symmetry and absorbs in the region 460 
-850 cm-’. There are six fundamental modes of vibration, two pairs of which are 
degenerate, giving rise to four fundamental frequencies v,(A,), v2(A,), v3@) and 
v.,(E) which are infrared active. Table I1 shows the fundamental frequencies of the 
free Te0:- anion as determined by the Raman spectrum determined in solution.22 

If the tellurite ion coordinates with a metal centre through the tellurium atom, 
then the C,, symmetry of the tellurito group would be retained and four fundamental 
frequencies should be observed. On the other hand, if the tellurite ion coordinates 
through either one or two of its oxygen atoms, then the C,, symmetry would be 
lowered to C, and six fundamental frequencies, three stretching and three bending, 
should be observed. 

Vibrational assignments were aided by comparison with the vibrational frequencies 
of the Te0:- anion in K,TeO,, and with the related complexes with SO:- and 
SeO:-.8-’3 The six fundamental stretching and bending frequencies of Te0:- were 
observed in the lower frequency range, 460-860 cm-’. 

The infrared vibrations of the tellurite group in the tellurito complexes showed six 
absorption bands, which indicate that the tellurite ligands are coordinated through 
oxygen atoms. Table I1 lists the stretching vibrations of the Te0:- groups in Co(II1) 
complexes. In these complexes, the Te0:- ions can be regarded as bidentate chelate 
ligands, as all the six distinct bands were observed. Also, in the case of the complex 
[Co(en),(NH,)(Te0,),,]Br2 - +KBr. 1fH20, where the tellurite group acts as a bridg- 
ing bidentate ligand to two Co(II1) cations, six absorption bands are also observed. 
However, in the latter case the stretching vibrations occur at lower frequencies than 
those of the free Te0:- and the other complexes. 

The electronic spectra of the complexes are shown in Table 11. The electronic 
spectra of the Co(II1) complexes show two absorption bands of about equal inten- 
sities and correspond to the spin allowed transitions from the ‘A,, ground state to 
the ‘TI, and ‘T, states. The first transition is broader and occurs in the visible region, 
in the range 19000-19700 cm-’. The other transition has its band in the range 
25250-26900 cm-’. The two spin forbidden bands to the triplet states, ’TIg and ’T2, 
are not observed. The visible spectra of these complexes are consistent with low- 
spin complexes of Co(1II) and thus these complexes are diamagneti~.~~ 

M) are 220 
ohm-’ .cm3 -mole-’ for [C0(en)~(NH,)(TeO,)~~]Br~*fKl3r. 13H20 and 174 ohm-’ * 

cm’.mole-’ for the rest of the complexes, at room temperature. This would be due 
to the formation of 2.5:l and 1:l electrolytes, respectively. 

The molar conductance, AM, of these complexes in water 
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