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ABSTRACT

The thermal decomposition in air of benzene-1,3-dioxyacetates of Y, La and lanthanides
from Ce™ to Lu™ was studied. During heating, the hydrated complexes Ln,[CsH(OCH,-
C00),1;-nH,0 (n = 7-12) lose water of crystallisation in one (La-Nd, Eu, Lu) or two steps
(Y, Ce, Sm, Gd-Yb), then decompose directly to oxides (Ce) or with intermediate formation
of oxycarbonates: Ln,0,CO, (La, Pr, Sm-Ho), Ln,0,:0.5CO; (Y, Er-Lu) or two types of
oxycarbonates (Nd).

INTRODUCTION

Rare earth element complexes with benzene-1,3-dioxyacetic acid,
C¢H,(OCH,COOH),, were previously unknown. In earlier work, we pre-
sented the preparation of Y, La and lanthanide (from Ce to Lu')
benzene-1,3-dioxyacetates with the molar ratio of metal to organic ligand of
2:3 and different degrees of hydration [1], their IR and X-ray spectra,
solubilities in water and the conductivity of their water solutions.

As a continuation of our work on the thermal decomposition of rare earth
carboxylates [2-4], we now report on the thermal decomposition of Y, La
and lanthanide benzene-1,3-dioxyacetate hydrates during heating in an air
atmosphere.

EXPERIMENTAL

The thermal stabilities of Y, La and lanthanide from Ce' to Lu'
benzene-1,3-dioxyacetates with general formula Ln,(C,H;O¢), - nH,O (Ta-
ble 1) were studied in air atmosphere. The TG, DTG and DTA curves were
recorded. The measurements were made with a Q-1500D derivatograph at a
heating rate of 10 K min~'. The samples of 100 mg were heated to 1273 K

0040-6031 /90 /$03.50 © 1990 Elsevier Science Publishers B.V.



96

_(00D*HDO)'TH I =T .

O*H-f1%n] oL8 7598 - - - - 6 0€L  8PEl gPb—€1€  OYHOI-*T°n]
O'H9-*T1%9A vv6 66°€6 4 9¢ 109 £05—SSP 4 97  90°€ £€b—81€  OFHOI-*T1°9A
12wy 068 06'88 z 011 6011 £EV~€6€ S SL €61 £6€—€1f OFHL-*T w]
t1lyg 098 £1'98 3 OplL  LSEL SSH—E1p 9 $6  ST6 £Iv—£2¢  O°H6-*1%4d
£1%H 098 80°98 £ oyl  Z6€l ShP—S6€ 9 06 876 S6€-80€ O°H6-*1°%OH
“1%a 598 7098 € SEl 86°€I £8P —€6€ 9 06 €6 £6€-80¢  O°H6-“T%d
O°Hz- 1%L $'68 LO'SS v SYL  €6p1 £9v S0V 9 $6 868 Sop—€1€  O°HTI-“1%al
O'H-*1°PO $'98 1198 4 S€l 68€I 89v—€ 1P L S0T 0801 €IP—€1€ O°HOL-*T°PD
O'Hp-*1tng S'L8 6°L8 - - - - 8 S$TI  80°T1 8sp—€1€  OFHTI-*T1°ng
E1twg $'98 L8 I SET 68T £9v S0P L 1L 0TI SOb-81¢  OYHS-fTfuwg
£17PN 068 9668 - - - - 6 0SI vyl 8.b—-80¢ OFH6-“T1°PN
O*HT-*1%d L8 19%8 - - - - 01 €51 6£SI 80r—80¢ OHII-*T1%4d
t1%) 088 1€°88 - - - - L 07l 6911 29v—80¢  O°HL-*T1%D
t1teq o8 90°v8 - - - - 01 091  ¥6'ST 89p—€1€  OFHOI-*T1°®1
O'H-* 1% 0'v8 LTYS € 091 €LST Shr—£0p 9 0L 6+01 £0p—80€  OYHOL-fT°A

D D

(sajowr) II uoneipAyap (safour) 1 uoneIpAyap

puno,j ) 179 O'H punoq o) J0 23uel O'H punoj o) J0 23ues
spunodwio) (9)anpisar Jo 1ySop  Jo ssOT (%) sso[ySop  aumperodwiay,  Josso| (%) sso[ 1Sy dImjerndwag, « Xo[dwo)n

$918120BAXOIP-¢ * [-SUIZU2q SPIULYIUL] PUR BT ‘X JO UONBIPAYSP U0 BlR(

1d19vL



97

in platinum crucibles with the following sensitivities: TG, 100 mg; DTG,
500 wV; DTA, 500 wV. The paper speed was 2.5 mm min . Al,O, was used
as a standard. The samples were also heated isothermally at 473-493 K and
the thermal curves were recorded to confirm the results. The intermediate
products were confirmed by recording IR and X-ray spectra.

RESULTS AND DISCUSSION

The results, shown in Figs. 1-8 and Tables 1 and 2, indicate that the rare
earth benzene-1,3-dioxyacetate hydrates prepared decompose in various
ways when heated. They are stable up to 308-323 K, and then become
dehydrated in one or two steps. The complexes of La, Ce™, Pr'!, Nd, Eu!
and Lu are dehydrated in one step whereas those of the remaining elements
decompose in two steps, forming the anhydrous complexes of La, Ce, Nd,
Sm, Dy, Ho, Fr and Tm, and the hydrated complexes of Y, Pr™™, Eu™, Gd,
Tb, Yb and Lu (Table 1).

From these results, it is possible to suggest that the water of crystallisa-
tion molecules are bonded in different ways: with an anion (lost at 393-443
K in the first dehydration step); in the inner sphere of the complexes (lost at
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Fig. 1. TG, DTG and DTA curves for Y,(C;,H3O¢);3-10H,0.
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Fig. 2. TG, DTG and DTA curves for Y,(C;oHgOs)5- H,0.

433-503 K); and the coordination water which is strongly bonded with a
metal ion (lost simultaneously with decomposition). Benzene-1,3-dioxyace-
tates of La—Nd are dehydrated in one step, the final dehydration tempera-
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Fig. 3. TG, DTG and DTA curves for La,(C,,H30;);-10H,0.
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Fig. 4. TG, DTG and DTA curves for La,(C,,HgOy)5.

tures indicating cation hydration [5]. Comparing the final temperatures of
dehydration of the various complexes, it is clear that water of crystallisation
molecules are most strongly bonded in Yb and Dy complexes and least
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Fig. 5. TG, DTG and DTA curves for Nd,(C,;H3Og),-9H,0.
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Fig. 6. TG, DTG and DTA curves for Eu,(C,,H04),-12H,0.
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Fig. 7. TG, DTG and DTA curves for Tb,(C,oHz0;);*12H,0.
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Fig. 8. TG, DTG and DTA curves for Lu,(C;oH3zOg)5- 10H,0.

strongly bonded in Tm, Ho, Lu and Y complexes. For a full interpretation
of the nature of the bonding of the water molecules, it is necessary to define
the coordination and molecular structure of the complexes on the basis of an
X-radiographic study of the monocrystals.
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Fig. 9. Relationship between the final temperatures of dehydration Tp,, of the exothermic
DTA peak T, and of the oxide formation T, and the atomic number Z of the metal.
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The decomposition of the ligand begins at 433-503 K. The ignition of the
organic ligand is accompanied by one or two exothermic effects with DTA
maxima at 583-733 K. The complexes decompose during heating to oxides
with the formation of intermediate oxycarboxylates Ln,0;- CO, (Ln = La,
Pr—Ho) at 748-933 K and 2Ln,0;-CO, (Ln=Y, Nd, Er-Lu) at 755-948
K (Table 2). Neodymium complex decomposes to Nd,O, with intermediate
formation of Nd,0,CO; and 2Nd,0; - CO,.

The anhydrous cerium(IIT) complex directly decomposes, as expected, to
the oxide CeO,. The final decomposition products, Ln,0;, CeO,, Pr,O;,
and Tb,0,, are formed in the temperature range 713-1211 K. The tempera-
ture of oxide formation (7;) in the lanthanide series changes irregularly
with increasing atomic number (Fig. 9). The temperature of CeQ, formation
has the lowest value (713 K), whereas the temperature of Tb,O, formation
has the highest (1211 K), as observed during the decomposition of many
other series of lanthanide complexes.

The results indicate that the thermal decomposition of hydrated rare earth
benzene-1,3-dioxyacetates can be presented in the following manner:

Ln2L3 . nHZO il Ln2L3 * mH20 il Ln202CO3 - Ln203

for Ln=La, Pr, Sm-Ho and n > m (1)
Ln,L;-nH,0 - Ln,L; - mH,0 - Ln,0, - 1/2CO, — Ln,0,

for Ln=Y, Er-Lu (2)
Ce,L, - 7H,0 — Ce,L, = CeO, (3)

Nd,L,-9H,0 - Nd,L, — Nd,0,C0, —» Nd,0, - 1/2C0, - Nd,0,  (4)

Generally, it can be suggested that hydrated rare earth element benzene-
1,3-dioxyacetates, when heated in air atmosphere, dehydrate losing all or
some water molecules, and then decompose directly to oxides (Ce) or with
intermediate formation of oxycarbonates of different compositions.

The final temperatures of complex dehydration (Tp), the temperatures of
the exothermic decomposition peak (7)) and the temperatures of oxide
formation (7;) change irregularly with increasing atomic number Z of the
metal (Fig. 9). The results indicate that the ytterbium complex is the most
stable and that of thulium is the least stable. Taking account of the thermal
properties of the yttrium complex, it is possible to group it with the heavy
lanthanides.
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