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ABSTRACT 

The preparation in aqueous medium of hydrogen and neutral tellurites of lanthanum, 
gadolinium and ytterbium is described. 

Chemical analysis, solubilities in water, TG and DTA curves were determined and 
commented upon. 

INTRODUCTION 

The literature on the preparation and properties of lanthanoid sulphites 
[l-6] and selenites [7-111, as well as scandium selenites [12-171, is rather 
extensive. 

Very few references were found, however, about lanthanoid tellurites. 
Compounds obtained by solid-state reaction were described by Redman et 
al. [18] and Weber et al. [19]. The only references found about preparation 
of lanthanoid tellurites in an aqueous medium were the works of Dobrowol- 
ski [20] and of Voloshina et al. [21], where some tellurites were obtained by 
the double decomposition of sodium tellurite and lanthanoid nitrates. 

The preparation of tellurites (other than lanthanoids) in an aqueous 
medium is referred to by several authors. The methods used may be divided 
into two groups: double decomposition of solutions of metal salts (chloride 
or sulphate) and sodium (or potassium) tellurite [22-281 or dissolution of 
TeO, in hydroxide solutions [29-331. The first method was used for Mg, Sr, 
Ba, Cu, Cd, Pb, Cr, Fe, Mn, Ni, Co and Zn tellurites, while the second 
method was used for Li, Na, K and Ba compounds. 

Dobrowolski [20] describes the preparation by double decomposition of 
solutions of Ln,(NO,) 3 and Na,TeO,, using an excess of 10% of the 
tellurite necessary to give Ln,(TeO,),. Then, he says, “the liquid above the 
precipitate gave always an alkaline reaction and contained Na,TeO,“. In 
these conditions the precipitates obtained always had the composition 

Ln ATeOA. 
This same composition was determined by some physico-chemical meth- 

ods by Voloshina and Oblonchik [21] in a recent work, when the preparation 
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was made at pH >, 8.5. However, as these authors say, these compounds, as 
well as the methods of preparation, are insufficiently studied. 

The purpose of this work is to study carefully the preparation in an 
aqueous medium of some lanthanoid tellurites. Lanthanum, gadolinium and 
ytterbium were chosen, as representatives of the three groups of lanthanoids. 

EXPERIMENTAL 

Reagents and preparation of tellurites 

All chemicals used were analytical 
Tellurium dioxide behaves as an 

grade, without further purification. 
ampholyte with an isoelectric point, 

corresponding to the minimum solubility, occurring at pH 3.5-4.2 [34,35]. 
The lowest solubility observed [33] was 2.1 mg 1-l at pH 4.04. This very low 
solubility limits sharply the concentration of a H,TeO, solution in the pH 
range of 3 to 6. 

On the other hand the precipitation of lanthanoid hydroxides from an 
acid solution of its salts, begins when the pH reaches 6 to 8, depending on 
the lanthanoid and its concentration. 

When the preparation of the lanthanoid tellurite is made by adding a 
solution of lanthanoid salt to a solution of tellurous acid, it is fundamental 
to define the concentration of the solutions and the final pH. Indeed if the 
final pH is on the acid side, it is possible that the precipitate will be a 
mixture of lanthanoid tellurite and H,TeO,. If the final pH is on the 
alkaline side it is possible that the precipitate will be lanthanoid tellurite 
contaminated with Ln(OH), (basic tellurites) or the corresponding alkali 
tellurite (double tellurites). 

It was decided to prepare an acid solution of TeO, (ca. 1.0 g dme3) in 1.0 
M HCl and take aliquots from this which were adjusted, with NH,OH, to 
pH 7.0, 8.0 and 9.0, respectively. Solubilities of TeO, at these pH were 
determined previously (Table 1). 

Lanthanoid chloride solutions (ca. 0.005 M) in 10V3 M HCl, were 
adjusted, with diluted NH,OH, up to pH 6.8. 

TABLE 1 

Solubility of TeO, in water with pH adjusted with NH,OH 

Initial pH Solubility of TeO, 

(lo4 x mol dmd3) (mg dmp3) 

7.0 0.98 15.6 
8.0 1.67 26.6 

9.0 2.35 37.5 
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Aliquots of lanthanoid and tellurium solutions corresponding to several 
ratios Te/Ln (1.5/l to 6/l) were mixed, in every case adjusting the final 
pH of the mixture to the initial pH of the tellurium solution. 

The flocculent precipitates formed were filtered the following day and 
washed with water adjusted to the same pH used in the preparation. 

The precipitate was dried in a vacuum at 50°C until constant weight. 

Chemical analysis 

The chemical analysis of lanthanoid was performed by a spectrophoto- 
metric method with arsenazo III [36], and total Te by reduction to elemental 
tellurium with SO, + hydrazine [37]. 

After solubilization of the salt with diluted HCl (1:lO) tellurium was 
separated by the described method [37]. 

Lanthanoid was determined in the filtrate by arsenazo III method [36], 
after destroying hydrazine by evaporating to a small volume, adding con- 
centrated H,SO, + HNO, (5 ml + 2 ml), evaporating to dryness, heating 
until no more white fumes of SO, were evolved, diluting with small amount 
of HCl, evaporating to dryness again and diluting with 3 M HCl. 

An analysis of Te(IV) was done by the method described by Bart et al. 

1381. 

Solubiiity 

Stoppered glass tubes of 60 ml, containing 50 ml of water and 0.2 g of 
tellurite, were fixed to a rotating wheel and immersed in a thermostatic 
water bath at 25°C for 7 days. 

Aliquots of the filtered solution were taken for determinations of Te [37] 
and Ln [36]. 

Thermogravimetry and X-ray diffraction 

Thermograms were obtained with a Mettler Thermoanalyzer 2. 
X-ray diffraction patterns were obtained on a Philips diffractometer using 

Cu K, radiation. 

RESULTS AND DISCUSSION 

Preparation of tellurites 

According to the results shown in Table 2 the salts obtained at pH = 7.0, 
after being dried in a vacuum at 50°C are hydrogen tellurites with the 
general formula Ln( HTeO, ) 3. 
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TABLE 2 

Chemical analysis of La, Gd and Yb tellurites prepared at pH = 7.0 and dried at 50°C under 

vacuum 

EIements 

Tellurium 
Lanthanoid 

Laf HTeO, ) 3 Gd(HTeO, > 3 Yb(HTeC13f, 

Theor. Exp. Theor. Exp. Theor. Exp. 

(S) (%) (W) (W) (5%) (W 

57.06 57.50 55.54 55.34 54.30 54.40 
20.77 20.79 22.89 22.88 24.61 24.63 

Salts prepared at pH = 9.0, dried in the same way, are neutral tellurites 
with the general formula Ln,(TeO,), - xH,O, as shown in Table 3. 

At pH = 8.0, a lanthanum hydrogen tellurite was prepared with a com- 
position approximately LnH(TeO,), (or Ln2(TeU,), - H,TeO,). 

The only lanthanoid tellurites prepared in an aqueous medium [20,21] 
were obtained in alkaline medium (alkalinity not specified) and had the 
general formula Ln,(Te0,)3. xH,O (x = 4 to 6). 

Hydrogen tellurites had yet to be referred to in the literature either for 
lanthanoids or other elements, because most of the authors [2U--331 worked 
in alkaline media, where T&z- species predominate. 

Nabivanets et al. [39] presents a diagram illustrating the state of Te(IV) in 
perchlorate solutions, where it can be seen that between pH 4 and 7 the 
species HTeO, is predominant to about lOO%, at pH 8 the ratio of species 
HTeO; : TeUi- = 1: 1, and at pH 9 the same ratio is 1: 9, The composition 
of the tellurites presented in this work (Tables 2 and 3) confirms the diagram 
of Nabivanets. 

In the preparation of tellurites at pH 9 the molar ratio Te : Ln must be 
higher than the theoretical 3 : 2, in order to prevent the possible formation of 
basic tellurites of the general formula xLn,fTeO,) 3 - yLn(UH),, which were 
described for Cu, Ni and Co salts f23,25] when preparation was made at 
high pH values. 

The literature on rare earth selenites show that salts obtained with Se(IV) 
are similar to those described in the present work with Te(IV). Giesbrecht et 

TABLE 3 

ChemicaI analysis of La, Gd and Yb tekrites prepared at pH = 9.0 and dried at 50°C under 
vacuum 

Elements La,(TeQ)s-6H@ Gd,(Te03)3-6H20 

Theor. bP* Theor. EXP. 

(a) (Q (S) (W 

Yb,(TeO,),-5H,O 

Theor. fiP* 
(Q (W 

Tellurium 52.47 52.61 50.44 50.62 49.72 50.02 
Lanthanoid 35.70 35.63 38.19 38.31 40.93 40.98 
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TABLE 4 

Solubility in water at 25°C of Ln(HTeO,), and Ln,(TeO,),axH,O 

Ln 

La 
Gd 
Yb 

Ln(HTe0,) 3 Ln,(TeO,),.xH,O 

Solubility (X 103) (g dme3) Solubility (X 104) (g dm-3) 

12.5 36.9 
21.8 41.5 
12.2 51.5 

al. [ 91 prepared Ln *( SeO,) 3 - n H,O ( n = 4 to 5) by mixing stoichiometric 
quantities of LnCl, and Na,TeO, solutions, while Immonen et al. [ll] and 
Giesbrecht et al. [S] obtained hydrogen selenites (LnH(SeO,), - 2.5H20) 
when using an excess of selenious acid in the preparation. 

Znamenskaya et al. [12-15,171 refer to the preparation in an aqueous 
medium of scandium selenites Sc,O(SeO,) 2 - 3H,O and Sc,( SeO,) 3 - 5H,O 
obtained in alkaline media, and ScH(Se0,) 2 - H,O and Sc(HSe0,) 3 obtained 
in acidic media. 

Solubilities 

The solubility in water (see Table 4) of the prepared tellurites was 
determined by the method described earlier [40]. 

Yb u 0 

2 

4 

--- 6 
---- 
------ 8 

0 ax ho0 600 800 

Temperature (“cl 

Fig. 1. TGA curves of hydrogen tellurites- Ln(HTe0,) 3. 



Thermal analysis 

TGA curves of hydrogen tellurites (Ln(HTeO,),) 
The loss of weight up to 400-500°C observed in the thermograms of Fig. 

1 may be assigned to hygroscopic water (ca. 2 moles in the case of La and 
Gd salts, and 3 moles in the Yb salt) and to decomposition of the dry salt 
according to 

ZLn(HTeO,), + Ln,O, - 6Te0, + 3H,O 

It was observed that these salts are very hygroscopic which justifies the 
high levels of humidity absorbed during the weighing of the samples and 
initial stabilization of the thermoanalyzer. 

The slope of TG curves may be interpreted by the following scheme 

2La(HTeO,), ‘~~~~La,(TeO,), - 3Te0, - 2H,O 
2 

200-45O’C 
_2; o La2(TeOd3. 3Te02 

2 

2WHTeOJ3 _1,5H o 1W-?0CGd2(Te0,), - 3Te0,. lSH,O 
2 

2~~~~~ Gd, (TeO,), - 3Te0, 
2 

2Yb(HTeO,), ‘yiy: Yb, (TeO,), - 3Te0, 
2 

Between 450-600°C there is a well-defined plateau where the elemental 
composition is given in Table 5. 

In the case of the Gd salt an increase in weight of about 0.3% was noticed 
between 550 and 78O”C, while La and Yb salts exhibit only a slight 
tendency to weight increase, which may be explained by partial oxidation of 
Te(IV) to Te(V1). 

Indeed Sokolov et al. [27], Frit and Hagenmuller [41] and Frit and Jaymes 
[42] observed that on heating Cr, Al or In tellurites between 570 and 720°C 

TABLE 5 

Chemical analysis a of La, Gd and Yb hydrogen tellurites after heating at 600°C for 2 h 

Elements La,(Te0,)3.3Te02 Gd,(TeO,),.3TeO, Ybz(Te0,),.3Te0, 

Theor. Exp. Thwr. Exp. Theor. Exp. 

(W (5%) (5%) (W (W (W) 

Tellurium 59.65 59.66 58.00 57.86 56.64 56.56 
Lanthanoid 21.65 21.35 23.82 23.56 25.60 25.61 

’ The analysis showed that all the tellurium is Te(IV). 
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an increase in the weight occurred, which was interpreted as an oxidation of 
one third of the tellurium present according to the reaction 
2Cr,Te,O, + 0, + Cr,TeO, + 4Te0, 

If the mechanism proposed is applied to Gd tellurite 
2Gd,O, - 6Te0, + 0, + 2Gd,O, - TeO, + lOTe0, 

an increase of 1.2% in weight should be observed. 
As the observed increase was only 0.3% this means that the proposed 

reaction is only partly accomplished, or the loss of TeO, observed in that 
range of temperature compensates for the increase that should be observed. 

Above 700°C a loss of weight was observed in all TGA curves which was 
due probably to the volatilization of TeO,. In order to confirm this assump- 
tion a sample of 100 mg of Yb(HTeO,), was heated for 40 min at 1000°C 
and analysed for Yb, Te(IV) and Te (total). No loss of Yb occurred, 17% of 
total Te was lost and 23% of the remaining Te was oxidized to Te(V1). 

Voloshina et al. [43] studied lanthanide tellurites by IR spectroscopy but 
they did not detect (in samples heated up to 700°C) the characteristic peaks 
of the Te0,6- ion, concluding that there is no oxidation of Te(IV) to Te(V1) 
on heating. 

TGA curues of neutral tellurites (Ln,(TeO,),) 
The loss of weight up to 500°C observed in 

0 zol LOO 600 800 ml 

Temperature (“C) 

TGA curves (Fig. 2) of the 

Fig. 2. TGA curves of neutral tellurites-Ln,(TeO,),.xH,O. 
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+xlOO 

10.0 

10.2 

10.6 

10.6 

10.8 

11.0 
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: \--:------_: _ 

350 600 650 500 0 30 60 90 120 150 
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Fig. 3. Partial TGA curve of Gd,(TeO,),.6H,O up to 5OO’C (AT = 2°C min-‘) followed by 
150 min of isothermal heating at SOO’C. 

three tellurites studied, may be assigned to the loss of 6 water molecules of 
La and Gd salts, and of 5 water molecules of the Yb tellurite. 

From the shape of the curves it seems that the last molecules of water are 
more strongly bound than the others. In fact at 200°C it may be observed 
that La tellurite still retains 2 molecules of water and Gd and Yb salts retain 
1.5 molecules. 

At 500°C all the tellurites are anhydrous, but between 500°C and 800°C 
slight increases of weight are observed which may be explained by the 
mechanism described for TGA of hydrogen tellurite of Gd, i.e., by a partial 
fixation of oxygen. 

In Table 6 the compositions of the tellurites heated up to 500°C and left 
to cool in the thermobalance are given. 

According to the figures and the detection of Te(V1) in the samples, the 
slight increase in weight may be explained by the partial oxidation of Te(IV) 
to Te(V1). 

600 500 600 700 

Temperature (‘cl 

Fig. 4. Partial TGA curves of Laz(Te0,),.6H,0 using different atmospheres: (A) air; (B) 
nitrogen ( > 99.5%); (C) pure nitrogen ( x- 99.7%). 
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Products obtained at 500°C are unstable at that temperature as shown by 
the experiment represented in Fig. 3, where a sample of Gd,(TeO,), - 6H,O 
was heated up to 500°C (AT= 2°C min-t) and then maintained isother- 
mally at that temperature for 150 min. An increase in weight of about 0.4% 
was observed and the analysis of the product showed that 13% of the total 
tellurium was present as Te(V1). 

Another evidence for the presence of oxygen being fu~d~ental for the 
increase of weight is given in Fig. 4, where it can be seen that the weight 
increase depends on the oxygen content of the gas used in the TGA. 

Above 800°C the steep slope of TGA curves indicates loss of tellurium as 
TeO,. 

DTA curues of hydrogen and neutral ~e~~urit~s 
Figure 5 shows the DTA curves of hydrogen tellurites of lanthanum and 

ytterbium. 
The first endothermic peak with a minimum at about 100°C is probably 

due to the loss of hygroscopic water. 

I 

0 ZOO m 600 800 IO00 

Temperature Kf 

0 200 LOO SM 800 1000 

Temperature WI 

Fig. 5. DTA curves of YbfHTeO,), and La(HTe03)3; heating rate = 2*C min-‘. 
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Fig. 6. DTA curve of La2(Te0,),-6H,O; heating rate = 2°C mm-‘. 

The exothermic peak at about 250-300°C is probably due to the re- 
arrangement of the molecules and is immediately followed by an endother- 
mic peak resulting from the loss of molecules of water. 

At 400-450°C a slight exothermic peak can be seen that could be 
assigned to a rearrangement of the structure of the molecules; according to 
Bart et al. [38] this is a possibility. 

The slight exothermic peak at 500°C in the Yb salt could be justified by a 
slight fixation of oxygen which was observed in the TGA curves. 

Above 600°C a sharp endothermic peak resulting from the loss of TeO, 
was observed. 

Figure 6 shows the DTA curve of the neutral tellurite of lanthanum. 
It seems that the loss of the first 3 molecules of water is endothermic and 

the rearrangement of the molecule and loss of the last 3 water molecules is 
exothermic. 

From about 500 to 800°C a slight exothermic peak can be seen which 
may be assigned to the apparent fixation of oxygen with partial oxidation of 
Te(IV) to Te(V1). 

X-r&y diffraction 
Hydrogen tellurites of La, Gd and Yb were observed by X-ray diffraction 

immediately after the preparation and after 1 month. In all the cases the 
salts were amorphous. 

After heating at 6OO’C all gave crystalline patterns. 
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