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The conditions of thermal decomposition of the thiodiglycolates of Y, La and light
lanthanides from Ce to Gd have been studied. On heating, these complexes decompose in various
ways. Hydrated thiodiglycolates of La, Ce(I1I), Pr(III) and Gd lose crystallization water in one
step, while those of Y, Nd, Sm and Eu(Ill) do so in two steps. Thc anhydrous complexes
subsequently decompose in several steps to the oxysulfates Ln,0,_,(SO,),.

The salts of thiodiglycolic acid are little known. In recent years the stability
constants of thiodiglycolic acid complexes of Ca(Il), Pb(Il), Zn(II), Cd [1, 4],
Cu(1I), Ni(IT), Co(II) [1, 3-5] and rare earth ions [2] have been determined. The
thiodiglycolic acid complexes of Cu(II), Ni(II) and Co(II) [1, 3-5] are stronger than
those of diglycolic acid. Substitution of an oxygen atom in diglycolic acid by a
sulfur atom changes the complexing properties of the ligand.

Thiodiglycolates of rare earth elements in the solid state have not been studied so
far. As a continuation of our work on the thermal decompositions of rare earth
carboxylates [6-8], we now report the thermal decompositions of Y, La and light
lanthanide thiodiglycolates.

Experimental

The thiodiglycolates of Y, La, Ce(IIl), Pr(IIT), Nd, Sm, Eu(IIl) and Gd were
prepared by dissolving freshly precipitated rare earth hydroxides in an equivalent
amount of hot thiodiglycolic acid and crystallizing. The solids formed were filtered
off, washed with water and dried at 30° to constant weight.

The contents of carbon and hydrogen were determined by elemental analysis.
The contents of rare earth elements were determined by dissolving the obtained
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Table 1 Analytical data of Ln complexes with thiodiglycolic acid

BRZYSKA, HUBICKA: THERMAL DECOMPOSITION OF Y, La

Ln, %

Hydrogen, %

Carbon, %
Complex -
Caled. Found. Calcd. Found. Caled. Found

Y(C,H0,8); TH,0 23.76 23.83 19.26 18.96 3.50 3.46
La,(C,H,0,S),-2H,0 36.64 36.48 19.00 18.87 2.13 2.69
Ce,(C,H,0,S),-3H,0 36.01 41.48 18.52 18.61 2.33 2.39
Pr,(C,H,0,8),-3H,0 36.12 40.29 18.47 18.74 2.33 2.22
Nd,(C,H,0,8),-3H,0 36.62 36.35 18.29 18.69 2.30 2.49
Sm,(C,H,0,9),-5H,0 36.02 36.41 17.25 16.70 2.65 2.76
Eu,(C(H,0,S),-5H,0 36.25 35.75 17.18 17.08 2.64 2.61
Gd,(C,H,0,S);-5H,0 37.04 36.76 16.98 16.60 2.61 3.28

complexes in HCl solution, precipitating the oxalates and igniting these to oxides at
960°. The clemental analysis data are given in Table 1.

From the results, the thioglycolates of Y, La, Ce(III), Pr(III), Nd, Sm, Eu(III)
and Gd were found to be hydrated complexes with the general formula
Ln,(C,H,0,S);-nH,0. The thiodiglycolate of La was obtained as the dihydrate,
those of Ce(III), Pr(III) and Nd as the trihydrates, those of Sm, Eu(III) and Gd as
the pentahydrates, and that of Y as the heptahydrate. The complexes are soluble in
water.

The IR spectra of thiodiglycolic acid and the prepared thiodiglycolates were
recorded over the range 4000400 cm ™ !. Analysis of the IR spectra confirms the
elemental data.

The thermal stabilities of the complexes were studied by means of TG, DTG and
DTA techniques. The measurements on the Pr(III), Nd and Sm complexes (Figs
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4-6) were made with an OD-102 derivatograph with a sensitivity TG 200 mg, and
those on the Y, La, Ce(IlIl), Eu(Ill) and Gd complexes Figs 1-3, 7, 8 with a
Q 1500 D derivatograph with a sensitivity TG 200 mg. The samples were heated in
ceramic crucibles in air atmosphere at a heating rate of 10 deg min ™!, and that of
Lain a nitrogen atmosphere (Fig. 9) and at a heating rate of 5 deg min " ! (Fig. 10)

additionally.

The analysis and identification of the solid products of decomposition were
performed on the basis of elemental analysis and IR and X-ray spectra.
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Results
From the thermal curves of the thiodiglycolates, the temperatures of dehydration

and thermal decomposition were evaluated and are presented in Tables 2 and 3,
respectively, where:

AT, = temperature range corresponding to the endothermic loss of a given
number of crystallization water molecules (°C),

T = peak temperature of DTG (°C),

T in = temperature corresponding to minimum in the DTA curve (°C),

nH,0 = loss of n H,0,

AT, = temperature range corresponding to decomposition of the anhy-
drous complex until the formation of oxysulfates (°C), and

T, = temperature of oxysulfate formation (°C).

Table 2 Temperature data of dehydration of Y, La and lignt lanthanide thiodiglycolates

Loss of weight, %

Complex ATy, °C 7.°C Toin» °C H,0
Caled. Found.
55-115 85 96 2
Y,(C4H,0,8);-7H,0 125212 165 17 5}7 16.85 16.8
La,(C,H,0,S);-2H,0 180 260 240 245 2 475 438
Ce,(C,H,0,5);-3H,0 185 250 220 235 3 6.95 6.8
Pr,(C,H,0,S);-3H,0 145 250 180 192 3 6.93 7.0
80- 130 102 118 1
Nd,(C,H,0,S),-3H,0 180-275 200 235 2}3 6.86 8.0
\ . 90-160 125 150 2
Sm,(C,1i,0,8);-5H,0 170240 200 218 3}5 10.78 11.0
Eu,(C,H,0,S);-5H,0 132_;33 :gg :gz i}S 10.74 10.8
Gd,(C,H,0,S);-5H,0 55-140 90 110 5 10.61 10.8

The results demonstrated that the thiodiglycolates of Y, La and light lanthanides
decompose in various ways (Figs 1 9). The hydrated thiodiglycolates of La, Ce(III),
Pr(I1T} and Gd lose crystallization water in one step, to the accompainment of an
endothermic effect. These hydrated complexes are very stable. Dehydration begins
at 145 160°. The hydrated complexes of Y, Nd, Sm and Ew(IIT) undergo
dehydration in two stages, accompanied by two endothermic effects. The
thiodiglycolate of Gd is very unstable and begins to lose crystallization water at 55°.

When heated to 1000°, the anhydrous complexes decompose exothermically to
the oxysulfates Ln,0; -, (80,),(0<x<3). These complexes, of variable com-
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Table 3 Temperature data of decomposition of Y, La and light lanthanide anhydrous thiodiglycolates

Loss of weight, %

Complex AT, - - - 7, Decomposition product
Calcd. Found.

Y,(C,H,0,S);-7TH,0 280-700  64.05 64.0 700 Y,0,46(S04)0.54
La,(C,H,0,8); 2H,0 260-900  46.48 47.2 900 La,0,(S0,)
Ce,(C,H,0,9), 3H,0 285 850  48.20 48.0 850 Ce,0,05(504)0.95

r C,H,0,8), 3H,0 320-780  46.96 47.0 780 Pr,0, ¢5(S04); 05
Nd,(C,H,0,5);-3H,0 320-900  51.60 52.0 900 Nd,0; 44(S04)6.56
Sm,(C,H,0,S),-5H,0 320-850  52.48 52.0 850 Sm,0, 44(SO)0.60
Eu,(C,H,0,8), 5H,0 300645  50.30 51.2 645 Eu;0,,,(504)0.70
Gd,(C,H,0,8);-5H,0 290-715  50.88 51.2 715 Gd,0, 3,(50,4)0.6s

position, are known in the literature. They arc obtained by the thermal
decomposition of sulfates or hydroxysulphates at 700-1000° [9].

The anhydrous thiodiglycolates of Y, La and light lanthanides decompose in
several stages. On heating they are carbonized, and are next reduced by carbon to
sulfides. At the same time they are partially oxidized to sulfates (in the solid product
there are both sulfide and sulfate ions). During heating in air atmosphere, the
sulfides are oxidized to sulfates. The oxysulfates Ln,05_ ,(SO,), (Table 3) are the
final products of decomposition. They do not contain sulfide ions. In the TG curves
of the La, Pr(I11I), Nd and Sm complexes it is possible to observe an increase in
weight (small for Gd) in the temperature range 710-900°, which is connected with
the oxidation of sulfide ions to sulfate. The increase in weight is lower during
heating at 5 degmin~' (Fig. 10). This process is not observed in nitrogen
atmosphere (Fig. 9).
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Zusammenfassung - Bedingungen der thermischen Zersetzung der Thiodiglycolate von Y, La und den
leichten Lanthaniden von Ce bis Gd wurden untersucht. Beim Erhitzen zersetzen sich diese Komplexe
auf verschiedene Weise. Hydratisierte Thiodiglycolate von La, Ce(111), Pr(IIT) und Gd verlieren das
Kristallwasser in cinem Schritt, die von Y, Nd, Sm, und Eu(III) dagegen in zwei Schritten. Die
wasscrfreien Komplexe zersetzen sich in mehreren Schritten zu den Oxysulfaten Ln, 0, _,(SO,)..

Pestome - W3yucHbl YCJAOBHS TEPMHYECKOFO PA3.IOXKEHHS THOUMIJIMKONATOB MTTPHA. JAHTAHA M
JIETKHX JJAHTAHW/IOB OT [IEPHS /10 TAA0.THHHA, DTH KOMILIEKChl PA3;IHYHLIM 06pa3oM pa3.1araloTcs NpH
HarpeBaHui. 'HAPATHl THOAHIIXAKOISTOB JAHTAHA, TPCXBAJICHTHBIX IEPHA, 1IPA3COANMA U TAJOTHHUHA
TEPAIOT KPUCTALIM3AUHOHHYIO BOAY B OJHY CTAilHIO, 4 KOMILIEKCH HTTPHS, HEOIMMA, CAMADHS M
€BpONUs B ABE CT41MH. Be3BO/IHBIE KOMILICKChI HOCICAOBATENLHO PA3/1araloTCs B HCCKOJILKO CTa MM
obpasys oxcucyabdars Ln,0;_ (SO,),.
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