
Journal o f  Thermal Analysis, Vol. 35 (1989) 5 -14  

S T U D I E S  ON THERMAL DECOMPOSITION OF RARE EARTH 
E L E M E N T  C O M P L E X E S  W I T H  G L Y C O L I C  A C I D  

W. Brz),ska and W. Ozga 

DEPARTMENT OF INORGANIC AND GENERAL CHEMISTRY, INSTITtYI'E 
OF CHEMISTRY, M. CURIE SKLODOWSKA UNIVERSITY, 20-031 LUBLIN, 
POLAND 

(Received January 20, 1987) 

The rare earth complexes with glycolic acid were prepared as crystalline solids with general 
formula [Ln(CH2OHCOO)aHzO ] .nH20, where n = 0  for La Gd and n = 2  for Y and T b L u .  
During heating the monohydrates of La and Pr-Gd decomposed in two steps to Lu20 a and 
Pr60~l, with intermediate formation of Ln2OzCO 3, monohydrated Ce(lll) glycolate 
decomposed directly to CeO 2. The trihydrated glycolates of Y and Tb-Lu first lost two water 
molecules and the monohydrated complexes then decomposed to Ln203 and Tb407 through 
Ln202CO3~ 

The complexes of glycolis acid with rare earth elements have been prepared by 
addig sodium or ammonium glycolate to a hot solution of a rare earth salt [1]. 
Hydrated salts with a metal to ligand ratio of 1:3 crystallized out. Jantsch and 
Grfinkraut [2-4] prepared anhydrous glycolates of La-Eu and dihydrated 
glycolates of yttrium and heavy lanthanides, and determined the solubilities of 
some glycolates in water. Poweil and Farrel [5] determined the solubilities of the 
rare earth glycolates in water at 293 and 333 K. More recently [6], the stability 
constants of glycolic acid complexes with the rare earth cations (111) from La to Lu 
were determined by potentiometric titration. Ju~ni6 [7] determined the stability 
constants of the Ce(III) complexes with glycolic acid by using the radioisotope 
141Ce. Kostromina [8] studied the complexation reaction in the system LaCI 3- 
glycolic acid by using ion-exchange at pH ~ 3, and confirmed the formation of 
neutral, anionic and cationic complexes. Petrov et al. [9] studied the IR spectra of 
rare earth glycolates with the general formula Ln[CH2(OH)COO]3, where 
Ln = Pr Gd, and Ln[CH2(OH)COO]3-2H20, where Ln = Dy, Er and Tm. 
Analysis of" the IR spectra confirmed the supposition that the Ln(IIl) cation is 
coordinated by the carboxylic and hydroxylic groups of glycolate ion. 

The aim of our work was to obtain complexes of rare earth elements with glycolic 
acid and to examine their thermal stabilities during heating in air atmosphere. 

John Wile), & Sons, Limited. Chichester 
AkadOmiai Kiad(~. Budapest 



6 BRZYSKA, OZGA: STUDIES OF RARE EARTH ELEMENT COMPLEXES 

Experimental 

Complexes of Y, La, Ce(III), Pr(III), Nd, Sm, Eu(III), Gd, Tb(III), Dy, Ho~ Er, 
Tm, Yb and Lu were prepared by dissolving freshly precipitated rare earth 
hydroxides in an equivalent amount of glycolic acid at 333 K and crystallizing. The 
solids formed were heated in the mother solution for 0.5 h, then filtered off, washed 
with water and dried at 303 K to constant mass. 

The contents of carbon and hydrogen in the complexes prepared were 
determined on the basis of elemental analysis, with V20 5 as oxidizing agent. The 
contents of rare earth were determined from the TG curves and by ignition of the 
preparations to oxides Ln203, CeO2, Pr6011 and Tb40 7 at 1173 K. The contents 
of water molecules were determined from the TG curves and by heating the 
complexes isothermally at 473 K. The elemental analysis data are given in Table 1. 

The IR spectra of the prepared glycolates and ofglycolic acid were recorded over 
the range 4000-400 cm -1 with a UR-20 spectrophotometer. The samples were 
recorded as KBr discs. 

X-ray diffraction patterns of the complexes were recorded on a DRON-2 
diffractometer, using CuK~ radiation. The measurements were made by the 
Debye-Scherrer method. 

The thermal stabilities of the complexes were studied by means of TG, DTG and 
DTA techniques (Figs 3-7). The measurements were made with an OD-102 

Table 1 Analytical data 

Ln, % C, % H, % Solubility 
Complex 

calcd, found calcd, found calcd, found m~ 

Y[CH2(OH)COO]B'3H20 24.16 24:20 19.57 19.60 4.07 0.05 5.60 
La[CH2(OH)COO]3-H20 36.37 36.40 18.85 18.88 2.88 2.90 7.60 
Ce[CHz(OH)COO]a.H20 36.57 36.50 18.79 18.80 2.86 2.90 9.01 
Pr[CH2(OH)COO]3.H20 36.70 36.75 18.75 18.70 2.86 2.88 10.03 
Nd[CH2(OH)COO13.H20 37.25 37.20 18.59 18.60 2.84 2.85 fl.30 
Sm[CH2(OH)COO]3.H20 38.55 38.60 18.46 18.55 2.82 2.84 20.82 
Eu[CH2(OH)COO]3.H20 38.48 38.50 18.23 18.30 2.78 2.80 20.34 
Gd[CH2(OH)COO]3.H20 39.28 39.30 17.99 18.00 2.75 2.70 22.28 
Tb[CH2(OH)COO]a-3H20 36.29 36.30 16.44 16.50 3.42 3.40 9.89 
Dy[CH2(OH)COO]3-3H20 36.80 36.85 16.30 1.30 3.39 3.40 6.54 
Ho[CH2(OH)COO]3.3H20 37.15 37.20 16.21 16.20 3.37 3.35 4.60 
Er[CH2(OH)COOI3-3HzO 37.48 37.50 16.13 16.15 3.36 3.35 3.35 
Tm[CH2(OH)COO]3-3H20 37.77 37.80 16.05 16.10 3.34 3.35 2.27 
Yb[CH2(OH)COO]3-3H20 38.27 38.30 15.92 16.00 3.32 3.33 1.82 
Lu[CH2(OH)COO]3.3H20 38.54 38.60 15.86 15.90 3.30 3.32 0.50 
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derivatograph with a sensitivity TG = 100 mg. The samples were heated in ceramic 
crucibles in air atmosphere to 1273 K at a rate of 9 deg" min- 1. The thermal curves 
were also recorded for the glycolates of heavy lanthanides heated isothermally at 
473 K. The analysis and identification of the solid products were performed on the 
basis of the IR spectra. From the thermal curves, the thermal decomposition data of 
the prepared complexes were evaluated; they are presented in Table 2. 

Results and discussion 

The glycolates of Y, La and lanthanides from Ce(III) to Lu were prepared as 
crystalline solids. The complexes of Y, La, Ce(III), Sm, Eu(III), Gd, Tb, Dy, Tm, 
Yb and Lu were white, that of Pr green, and those of Nd and Er pink. They were 
hydrated compounds with a metal to ligand ratio of 1 : 3. The glycolates of La and 
the light lanthanides from Ce(III) to Gd were prepared as monohydrates, and those 
of Y and the heavy leanthanides from Tb to Lu as trihydrates (Table 1). The 
complexes prepared were characterized by a higher degree of hydration than those 
described in the literature [2-4, 9]. 

The IR spectra of the studied complexes are similar to one another. Analysis of 
the IR spectra confirms the suggested compositions of the complexes. When the 
acid is converted into a salt, the COOH group absorption band at 1720 cm -1 
disappears, and two bands arising from symmetric and symmetric vibrations of 
C O 0 -  appear at 1600-1590 cm -1 and 1410-1390 cm -1, respectively. In the IR 
spectra of the prepared glycolates, the absorption bands of the alcoholic OH group 
appear at 1230-1220 cm -1 and 1270-1260 cm -1, the broad absorption band 
indicating the presence of crystallization water with max. at 3100 cm -1 and 
3250-3200cm -~, the absorption bands of C--O at 1005-990cm -1 and 
1080-1050 cm -1, and the bands to the metal-oxygen bonds at 520-510 and 
560-530 cm- 1. In the IR spectra of he prepared glycolates, the absorption bands of 
vC-~O are displaced to lower frequencies and the bands of 6OH to higher 
frequencies with respect to those for the free acid. The shifts in v C ~  are 
10~0cm -1, and those in 6OH are 10-20cm -1. These facts confirm the 
participation of the OH group in the formation of a coordination bond with the 
Ln(III) ion. The shifts are larger for the complexes 0fY and heavy lanthanides than 
those for La and light lanthanides. The larger shifts for the heavy lanthanides 
glycolates may be connected with the higher ionic potential of the Ln(III) cation 
and the higher degree of hydration. The existence of hydrogen-bonds between the 
H20 molecules and the H20 molecules and the glycolate ligand is confirmed by the 
absorption bands with maximum over the range 3100-3250 cm-1. The obtained 
results confirm the suggestion of Petrov et al. [9] that the glycolate ligand 
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Fig. 1 X-ray spectra of Y, La and light lanthanide glycolates 
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Fig. 2 X-ray spectra of heavy lanthanide glycolates 

coordinates Ln ions via both carboxylate and alcoholic groups, forming chelate 
complexes�9 

From the recorded X-ray spectra (Figs 1 and 2), the glycolates of the rare earths 
were found to be crystalline compounds of low symmetry and large unit cells. They 
form groups of isostructural complexes: L a N d ,  Sm-Eu, Tb-Ho and Tm-Lu. 

By analysis of the thermal curves recorded on the prepared complexes, the data 

J. Thermal Anal. 35, 1989 
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and products of thermal decomposition were evaluated (Table 2). The data are 
presented in Figs 3-7. 

The results demonstrated that the glycolates of the rare earth decompose in 
various ways. The monohydrates of the La, Ce(III), Pr(III), Nd, Sm, Eu(III) and 
Gd salts are stable up 593 K, and then lose crystallization water and simultaneously 
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of Y(CH2OHCOO)3 �9 3H20 
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Fig. 6 TG, DTG a n d  D T A  c u r v e s  
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decompose according to the scheme: 

l t 
2 L n [ C H 2 ( O H ) C O O ] a ' H 2 0  ~ L n 2 0 2 C O  3 ~ Ln203  

(Ln = La, Nd,  Sin, Eu and  Gd)  

t t 
6Pr[CH2(OH)COO]3.  H 2 0  ~ 3Pr202CO 3 > Pr6011 

t 
Ce[CH2(OH)COO]3" H 2 0  ~ CeO 2 

The dehydra t ion  and  s imul taneous  decomposi t ion  are connected with a s t rong 

endothermic  effect, and  the igni t ion  of  the organic l igand with an  exothermic one. 

J. Thermal Anal. 35, 1989 
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The trihydrated complexes of  Y, Tb(III), Dy, Ho, Er, Tm, Yb and Lu decompose 
in three steps. In the first step, at 433 K, they lose two water molecules and then 
decompose to the oxides Ln20 3 or Tb40  7 through Ln202CO 3. 

Three endothermic effects are observed in the DTA curves. The first is connected 
with the loss of  two water molecules, the second with dehydration and simultaneous 
decomposition of  glycolate, and the third with decomposition of  Ln202CO 3. 
Ignition of  the organic ligand is connected with a strong exothermic effect. 

The X-ray spectra recorded when the heavy lanthanide glycolates are heated 
isothermally at 473 K are of  the same form as those for the monohydrates of  the 
light lanthanides. They are very stable up to 513-593 K. 

The results indicate that the crystallization water in the monohydrates is inner 
sphere water, while the water molecules in the trihydrates are bound in various 
ways. Two water molecules, relatively weakly bonded, are outer sphere water, 
whereas the water molecule lost during the decomposition process is inner sphere 
water. From these results it is possible to suggest the following formula for the 
prepared complexes: 

[Ln(CH2OHCOO)3 �9 H20] �9 nH20,  

where n = 0 for La -Y and n = 2 for Y and Tb-Lu.  
The temperatures of  glycolates decomposition and oxide formation vs. 

lanthanide atomic number Z are presented in Fig. 8. The temperature of  oxide 
formation varies periodically with increasing Z and ionic potential in the rare earth 
series. The double~louble effect is observed. The temperatures of  decomposition of 
the complexes are lower for the heavy rare earths than for the light ones, which is 
caused by the higher degree of  hydration and the difference in the bonding of  the 
water molecules. 
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Zusammenfassang - -  Komplexe der Seltenerden mit Glykols/iure wurden in Form von kristallinen 

Substanzen mit der allgemeinen Formel [Ln(CH2OHCOO)a-H20] .nH20  mit  n = 0 ffir La~Gd und 

n = 2 flit Y und Tb-Lu  dargestellt. Die Monohydrate  von La und P , r ~ d  zersetzen sich beim Erhitzen in 

zwei Stufen fiber die Zwischenstufe Ln202CO 3 in Ln203 und Pr60  H . Das Monohydrat  von Ce(III) 

glykolat  zerfiel direkt in CeO 2 . Die Trihydrate der Glykolate  von Y und Tb-Lu  gaben zun/ichst zwei 

Molekiile Wasser ab und die so entstandenen Monohydratkomplexe zersetzen sich dann fiber 

Ln202CO 3 in Ln203 bzw. Tb407. 

PeatoMe - -  l-Ioay~enu rprlcTa~irlqeclcrle roMnaercbl pe~lro3eMeJIbnUx 9neMeaTOa C rarlxoaeaofi 

rric~aoTofi 06tuefi qbopMyau [Ln(CH2OHCOO)a �9 H 20  ] �9 nH20,  r~e n = 0 :aaa L a - G d  n n = 2 ~Jla nTTpna 

n Tb-Lu.  Hprl Harpeaannn MonormapaTu ~aaTaaa a P r 4 3 d  pa3aaraioTca a ~ae cTaaua do 

COOTaeTcTayromnx orncaoa  Ln203 rl Pr6011 c 06pa30aanneM npoMex~yToqnoro npo~yrTa 

Ln202CO 3. Monorri~paT rml roaaTa  TpexaaaenTnoro uepna pa3~araeTca npaMo ~0 CeO 2. 

Tpnrn~paT~ ranro~iaTOa nTTpna rl Tb -Lu  cHa,maa Teps~OT ~ae MO~eryau no~bl, a 06pa3ytomneca 

MOnOrn~paTbI 3aTeM paaaaraloTca ~ao Ln203 n Tb407 qepe3 npoMeacyToqnyro cTa~mo 06pa30aanna 

Ln202CO 3 �9 
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