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ABsrEwcr 

Preparation in aqueous medium of all the lanthanoid (except Ce and Pm) 

and yttrium tellurates is described- Chemical analyses, solubiiities at 25°C in water and 
thermograms of all the products prepared were determined_ X-ray di&tcto~~ms and 
DTA and DTG curves of La, Gd and Yb tellurates were obtained and commented_ 
Partial volatilization of ianthanaid is observed in the thermal ana.&is of tellmates_ 

I?TIRODUCTiON 

The literature on the preparation and properties of Ianthanoid sulpbates1-6 
and seienates’- g is wther extensive_ 

However, very few references are found about lanthanoid tellurates, Natan- 
sohn” describes the synthesis of 14 rare-earth telhnates (Ln2TeG6) by reacting 
equimohr quantities of rare-earth sesquioxides, Rz03, and otthotelluric acid,Te(OH),, 
at elevated temperatures (8O&looO”C)_ Blasse’ r prepares 6 rare+zu-tb tellurates 
(Ln,TeO12) by heating a mixture of Ln,O, and Te0, in oxygen, first at 900°C and 
then at 1100°C 

The only reference found about the preparation of ianthanoid telluxates in 
aqueous medium is the work OP Montignie”, where Ce,(TeO,), is obtained by 
double decomposition of sodium tellmate and arous nitrate. 

This work presents data on the preparation in aqueous medium of all the 
lantbanoid (except Ce and Pm) and yttrium telhn-ates having the formula Ln,(TeO,),, 
which have not been described in the literature to date. 

Reagents 

All the chemic& used were analytical grade, without further purification. 

Prepration of teihrales 

Double decomposition of solutions of KITeOa and L&Is (33r2), at pH c 4, 
was unsuccastuL 
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TABLE I 

aii%ucxr_ AI;AI_YSIS OF 4 Gd ASD Yb rEt_i_I;RATEs 

ffcmenfs GddTeO& Ybr(TeO& 

Theor_ BP- iView_ fiP- 
(%J (‘A (;@ m 

TCIlUliU~l 44-9 45.1 43.1 42.7 41.6 41.0 
LanrItancid 32.6 3L9 35.4 35.0 37.6 37.9 

Other tentatives, also unsuccessful. were made by the reaction of an aqueous 
suspension of Ln,(CO& freshly prepared with a solution of teliuric acid (La:Te = 

2:3)_ 

?le method that succeeded was the addition of NH,OH to a soiution of 
LnCI, and Te(OH), (Ln :Te = 2 : 3 or2 : 6) up to pH = 4.5 when a gocculent precipitate 
was observed. 

This precipitate was filtered, washed and dried in vacua at 50°C Chemical 

analysis of fanthanoid (oxalate precipitationr3) and tellurium (reduction to elemental 

telhn-ium with SO2 + hydmzine“), performed on the salts of La, Gd and Yb, gave 
the results indicated in Table 1. 

Analysis of water (Karl Fisher method) and ammonium (Nessler method) in 

these salts, revealed only traces, showing that the drying was complete and the 
absence of possible double salts of Ln and NH;. 

Stoppered glass tubes containing SO ml of water and 0.2 g of salt were fixed 

to a rotating wheel and immersed in a thermostatic water bath, at 25”C, for 7 days. 
Aliquots of the filtered solution wcrc taken for determination of tellurium” and 

lanthanoid (arsenazo III method ’ 5)_ 

Srhermogravimerry 

Thermograms were obtained with a Mettler Thermoanalyzer 2. 

X-raF diflraczion 

X-ray difkxtion patterns were obtained on a Philips PW diffractometer using 
CuK, radiation. 

RESL’LTS AND DISCLSSIOS 

Synthesis of ail the lanthanoid (with exception of Ce and Pm) and yttrium 

tellurates, was accomplished under the conditions described_ 
Typical analyses of teliurates of La, Gd and Yb, given in Table 1, are consistent 

with the generaI formutation Ln,(TeOJ,. 



Y 60 -A-b 20 
La 20 Dy 36 
Pr 28 Ho 42 
Nd M 274 

Sm 6 FirI 78 
ELI 64 Yb 20 
Gd 58 Lu 1st 

Ammonium hydroxide was preferred to sodium or potassium hydroxides fo 
increase the PI-I of the solution in the preparation of tellurates because, due to the 
low solubility of Na and K tellurates, -precipitation of these salts or formation 
of double teliura*z was possible_ As referred formerly, contamination with NHf was 

not observed. 
Increasing the pH above 4.5 would certainly improve the yield of the synthesis, 

but there was the possibility of competition between OH’ and TeO$‘, with formation 

of hydroxo-tellurates_ 
In a recent paper’ 6, where Al, Ga ar.d In tellmates are prepared by a method 

similar to that used in the present work, it is noticed that ir is imposjible to prepare 

tellurates by the interaction of freshly precipitated Ga hydroxide with telluric add 
(at 25 and IOO°C)_ 

All the tellurates are rather insoluble in water, as shown in Tabie 2. 

These very low solubilities suggest the possibility of using teliurate as a 
quantitative precipitatin_e asnt of Janthanoids- 

Thermo_aams of all the tellurates (Fig_ 1) exhibit a similar shape, with two 
well-defined plateaus at -5O’C and 70&85O’C_ A third plateau. not weil defined 
in some thermo_grams, is observed in the range 52odoo”C. 

Above 800-85O’C a net loss of weight is noticed up to 1000cC, the maximum 

temperature obtainable in our thertnoanalyser. 
In order to unders+ad the mechanism of the thermal decomposition, three 

ttllurates were used to take samples for analysis after heating up to 400, 750 and 

IMW’C. Tellurates of La, Gd and Yb were chosen, as representatives of the three 
groups of lanthanoids. Their thermograms and points where the samples were taken 
are represented in Fig, 2 

Ianthanoid and tellurium contents of those samples are gi\ren in Table 3. 
Corresponding formal compositions are given in Table 4_ 

As may be observed in Fig. 2, the composition of the samples taken does not 
con-pond to the plateaus where they were taken_ In most cases, it was observed 
that loss of weight is much higher than revealed by chemical analysis_ Obviously, 



this means that the lanthanoid is partiaUy volatilizxI_ In or&r to check this assump- 

tion, _WOUS products obtained from the heating of sampks were condensed and 
anaIysed_ Tehrium and lanthanoid were found in this condensate, 

Analyses performed using the total amount of sample used, confirmed &s of 
lanthanoid as well as tclhrium by volatilization, The ioss of each clement, exprkxd 

zs percent of initial content, is given in Table 5. The loss of oxysn on heating 
bismuth tclhrate” and telluric acid’*, with consequent partiai reduction of T$ (VI) 
to Te (IV), bas ~CXSI noticed. In the present case, an experimental confirmation of 
‘&is partial reduction was made, analysing total Te and TecIv)‘* present in a sample 
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FikZ ~ofYb.GdarrdLartllurataHithindiationofpoints(l.53)~~wmples 
wuc mku~ Composition of cafh point is indicalai abow a suaight line that correspon dstoLhcloss 
of weight that should be observed if the was no voIatilkation of lanthanuid, 

TABLE 3 

ASALYSFS OF ECERMEDUTE PILOOtXXS OET- BY THERMAL D-S OF 4 Gd ASD yb 

-TES 

LnrcTeolh 326 449 35-4 43.1 37A 414 
Heated up to 4oo’C 36.3 43.5 39.7 39.7 39.5 38.1 
Heated up to 750°C 36.9 443 402 408 40.7 399 
Heated up to IOOOT 37.1 449 40.7 40.7 41Al 40.5 
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TABLE 4 

FOE&XL o(u(-S OF THE PXODlXlS OF TABLE 3 

Lanrhanum Godolinim Ytterbium 

Lnzcrewt J.&TCSO!~ 
Humi up to 4OO’C La:TCSOYS 
Heated up to 75O’C kTCSOS.9 
Heated up to IOCIO’C LatTeSOS.4 

of Laz(TeG,), heated at IOOO’C it w% found that about 70% of tellurium present 
was Te(lv). 

However, the volatilization of lanthanoid is a very interesting fact not yet 
noticed by other authors. It seems that up to the first plateau (ca_ 4MkUO”C), there 
is loss of oxygen, tellurium and small amounts of the heavier lanthanoids (Gd and 
Yb). Above this temperature and up to IoO”C, it is curious to notice that the ratio 
Ln :Te of the residual product remains constant with a value of about 2:2.6. This 

means that this same ratio should be observed in the volatile products_ 
As may be observed the volatilization of the lanthanoid increases with the 

increase of atoillic number. We have no explanation for this anomalous observation. 

fig 3_ m of GdtCTeOJh at three heating rates: (A), at 05% min-r; (B), at 4’Cm in-‘; 
Q. at 25 ‘C mirI_ 
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TABLE 5 

UXS OF U?‘ZHASXD, TELLbiL’H AhD OXYGEX AT EACH POiSf 1KDICATED IS FE. 2 (aS pcrcCn1 Of 

initial ckmmt present) 

Inirital coknpound Lozr of eicmenr(~~j Loss of nvigk! ( ‘%I 

Poitir I Poinl 2 Poiiu 3 
(4ml’cj (7SOTj (IoIw)‘Cj 

dJa 
NJ-e 
A0 
dGd 
.ilTC 
LJO 
AYb 
Lrrc 
Cl0 

0 z4 4.8 
123 15.0 16.3 
18.8 28.1 33-J 

I.2 5.7 13.8 
18.9 21.4 29.1 
15-S 26.4 349 

5-a 82 IS-8 
17.5 18.6 27s 
28 20.8 33.6 

There is no notice in the literature of volatile oxygenated salts of lanthanoids. The 

extensive work of Flahaut” about sulphides, selenides and tellurides of rare+xrths 
and the corresponding oxy-sahs, does not mention any volatile compounds of this 
type. The only reference found” is about partial vaporization of La&, at 13CKL 

1400°C Se!enides and teliurides should vaporize at lower temperatures than sulphides, 
but, without further experimental evidence, it is daring to try to explain the vaporiza- 
tion by reduction of tellurate to tellurite and finally to a volatile telluride. 

If the hypothesis of the formation of a telluride is admitted, the higher volatiiiza- 
tion of the heavier lanthanoids could be explained by the decrease from 9 to 6 in 

coordination number of lanthanoids in tellurides through the series19_ On the ocher 
hand, as the valence ;2 of lanthanoids is favoured in their chalcogenides when 
going from sulphides to tellurides, the probable formation of YbTer9 could be 
another reason for the higher volatilization of this element 

The fact that the six-valent S and Se oxy-acids are four-coordinated, while 
those of Te are six-coordinated, may explain the quite different thermo_mvimetiic 
behaviour of selenates’ and sulphates3 when compared with-that ofteliurates described 
in this paper_ 

The influence of heating rate may be observed in Fig. 3. Although the general 
shape is maintained, it is observed that the ioss of weight is favoured, either in the 
first zone (up to 200°C) or in the last one (800-IOCWC) by a slow heating rate_ 

This fact may be explained if an isothermal loss of oxygen is observed as it is 
cited by Bart et a!_’ ’ in thermal decomposition of telhnic acid, 

figure 4 represents DTG and DTA curves for Gdr(TeOJ3. These may be 
considered representative of all other tellurates as the eneral shape and peaks 
observed are about the same_ Maximum rates of decomposition were observed at 
230~480,640 and 1000°C. 

The DTA curves do not exhibit sharp peaks_ As the loss of oxygen and crystal 
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Fig. 5.. X-ray difketugtams of lzlntbnum tekrate heated 4 h at 750°C (A) aft& iOUYC (B)- 

re-arrangement are exothermic according to Bartx8, the shape of this curve is not 
surprising The small endothermic peak observed at 200-240°C may be due to the 
loss of about 112 TeO,(or TeO,) per mole of tetiurate afready noticed (see Table 41, 
which corresponds to the peak of the DTG curm This loss should be endothermic 
by analog with selenatw 2 ‘. Another possibIe endothermic effect is noticed at about 
600°C which may be related to some transition occurring during the transformation of 
amorphous to cxystaliirte product, as detested by X-ray diffraction. 

X-ray diffraction patterns were obtained for al! telfurates and samples taken at 
points 1,2 and 3 (Fi_e 2)). OnIy sampIes taken at points 2 and 3 (heated at 740 and 
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1CKWC, respectively) exhibit a qstalline pattern, all the others being amorphous. 
The patterns given by the A.S_T.M. Joint Committee on Powder DiEaction Standards 
refer to three lanthanum tellurates (La2Te30g, La,Tk06 and La,Te,O, I). However, 
none of these are similar to the diffractograms obtained with the products described 
in the present paper and shown in Fig_ 5. 
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