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THERMAL DECOMPOSITION OF Y, La AND
LANTHANIDE BENZENE-1,2-DIOXYACETATES IN AN
AIR ATMOSPHERE
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Abstract

The thermal decompositions of Y, La and lanthanide (from Ce(IIl) to Lu(IiI) benzene-1,2-
dioxyacetates with general formula Lnz(C1oHsOs)3:nH20 were studied. The hydrated complexes
first lose water of crystallization in one or two steps to yield anhydrous compounds or hydrates
containing coordination water molecules, and then decompose to the oxides LnyO3, CeOs, PreOy;
and Tb4O7 with formation of intermediates, carbonates and oxycarbonates (La, Pr-Eu), oxycar-
bonates (Y, Tb—Lu) or carbonate (Gd) only. Anhydrous cerium(III) benzene-1,2-dioxyacetate de-
composes on heating directly to CeO,.
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Introduction

The complexes of rare earth elements with benzene-1,2-dioxyacetic acid
CesHs(OCHCOOQH), are little known. The formation constants and thermody-
namic parameters of the complexes of rare earths with benzene-1,2-di-
oxyacetate [La(C1oHsOg)a]®* (where Ln=La, Y, Ce-Lu, n=1 and 2) have
been determined using potentiometric titration and calorimetry [1]. Formation
constants have also been determined by NMR for 1:2 complexes of Pr(III),
Eu(IIl), Yb(III) [2]. Single crystals of Na[La(C10HsOs)2(H20);]-H,O have been
prepared by overnight evaporation of an aqueous solution containing the sodium
salt of the acid and lanthanum chloride and its lattice parameters and molecular
structure have been determined [3]. It has been established that the complex an-
ion corresponds to the deca-coordinated species. In a previous work we have
presented the preparation of Y, La and lanthanide (from Ce(III) to Lu) benzene-
1,2-dioxyacetates with a metal to organic ligand molar ratio of 2:3 and different
degrees of hydration [4], their IR and X-ray spectra, solubilities in water and
conductivities of their aqueous solutions.

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

0368-4466/96/ $ 5.00 John Wiley & Sons, Limited
© 1996 Akadémiai Kiadd, Budapest Chichester



BRZYSKA, KROL: LANTHANIDE BENZENE DIOXYACETATES

HO0DTHOONHID ~ T »

een]  TS8  TOS8 € 8Pl 86H1 E8Y-ETY L Tl 601 €IrElE OCHOI-#Tan]
OHT*TAA  9'¢8  Ip'S8 € vyl 6SVI SLY-€TH L 801 IZ01  €Tr-8IE OfHZI-*T74X
eRwl, TL8 ISL8 T 8Tl 8YTI ELV-€TY 9 88 9€6 SIv-si¢ OPHS-“TFWL
O'H*T3d  p18 9¢'98 ¢ 9°€l  99°€l £9-€TP S 08  65'L £TrTIE OPHOT-*T4d
OHEYT°H 918 0088 ¢ v'Zl 00°T1 SLY—€Th 9 76 006 ge-11e OPHII-*TPoH
OHE®TAA gg8 8¢s8 + TPl T9%1 1Ly-€Th 9 88 LL'S gzy-sze  OFHELFTAQ
O'HTSTAL 18 69'L8 T 8zl 1€721 ILYy-€TY 9 88 €T6 £Tr-81E OHOI-*TaL
O'HL*TPD 998 6718 ¢ yEL ILTT £9P—€I¥ L 9'6 886 €1-81¢€ OPHOT-¥T°PD
e1tng 898 PIL8 € TEl 98Tl 8Ly—ETY s 08 08 £Zr-81€ OfH8-*T*nd
O'H9*T*WS 098 pL'S8  — - - - o1 0¥l  9T¥l  89b-¢€ee  OTHOLFTAWS
“I’PN  9°L8 OFP'88 I 71 09'11 SLy-EEY 9 v01 66 £EV-81€ O HL-TPN
OH*TMd 18 60°L8 ¥ 9°¢l  16TH SSr-€ob ¥ 9  St'9 €0-87€ O%H6*Td
€9 088 1€88 € 0zl 6911 SOv—-80% v 89  STL 80t—-8T€ OPHL¥T%D
O'HEST®T 98 8148 S 9°€l  68°¢€l OLY-vOY 4 ¥9 819 £0-€€€ OHZI-£T%%]
O'HV*T*'A 898 60'Ss8 € TSI S6vI 8LY-€TY 9 00T 966 £T-82€ OCHETs*T°A
punoj ‘pofeo  Jow  punoj ‘po[Ed b | jow  punoj ‘pojes b |
spunodwo) % Ny3rom /0*H %/W8Pm /1] uoleIpAysp  /OCH %/uSem /] uoneIpAyop xadwo)
Jenpisoy Jo sso Jo sso] Jo o8uvux 'dwof, jo sso] Jo sso] Jo o8ues -duioj,

1688

$91E130RAYOIP-T* [-0USZUq SPTUBYIUE] PUE ¥ ‘X JO UORRIPAYaP SY) IO BYeq T AAKL

J. Thermal Anal., 46, 1996



BRZYSKA, KROL: LANTHANIDE BENZENE DIOXYACETATES 1689

Experimental

The thermal stabilities of Y, La and lanthanide (from Ce(III) to Lu{III) ben-
zene-1,2-dioxyacetates with the general formula Lny(C10H3O6)s:nH20 (Table 1)
were studied in an air atmosphere. The TG, DTG and DTA curves were re-
corded. The measurements were made with Q-1500 D derivatograph at a
heating rate of 10 K min™". The 100 mg samples were heated to 1273 K in plati-
num crucibles chart speed. Al;0; was used as a reference material. The samples
were heated also at 480-523 K isothermally and the thermal curves were re-
corded to confirm the results. The intermediates were studied by recording IR
and X-ray spectra.

Results and discussion

The results indicate that rare earth benzene-1,2-dioxyacetates hydrates de-~
compose during heating in various manners, in several steps (Figs 1-6,
Tables 1, 2). They are stable up to 311-333 K and are then dehydrated in two
steps, except the samarium(IIl) complex which is dehydrated in one step. The
hydrated complexes of Ce(IlI), Nd(III), Eu(Ill), Tm(III) and Lu(III) lose waters
of crystallization and yield the anhydrous compounds at 455-483 K to whereas
the complexes of the rest of the rare earths lose some of the water molecules and
are transformed at 498-523 K to hydrates containing less water (Table 1). The
results permit the conclusion that the water molecules are bonded in the studied
complexes in various ways. In the complexes there are [4]:

— waters of crystallization bonded to the anion (lost at 311-468 K)
- waters of crystallization coordinated in the inner sphere of the complex [6]
(lost at 405-433 K).

The temperatures of the end of the first (7;) and the second (73) step of de-
hydration change irregularly in the lanthanide series (Fig. 7), having the highest
value T; for Sm and Nd, and 7> - for Y, Eu and Lu.

The completely or partially dehydrated complexes are stable up to
498-538 K and decompose on further heating accompanied by two exothermic
peaks with maxima between 598-655 K. The exothermic peaks are due to the
oxidation of the organic ligands and escape of carbon and carbon monoxide. In
this temperature range unstable intermediates difficult to identify are formed,
which is clearly shown by the TG curves of the lanthanum, Pr and Nd com-
plexes recorded at a heating rate of 5 K min™', In the TG curves of the rest of
the rare earth complexes studied only a curve bending is observed. The com-
plexes of light lanthanides from Pr(Il) to Eu(Ill) and La(lll) (Table 2)
decompose on heating to yield the oxides, Ln;O; and PrsO1;, with formation of
carbonates at 645-750 K and then oxycarbonates at 768-950 K as intermedi-
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Fig. 1 TG, DTG and DTA curves of Lay(C;oHgO¢)3-12H-0
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Fig. 2 TG, DTG and DTA curves of Ndy(C;oHsO¢)3-7TH20
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Fig. 3 TG, DTG and DTA curves of Nd2(C1oHsOs)3
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Fig. 4 TG, DTG and DTA curves of Gdy(CyoHsO¢) 16H20
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Fig. § TG, DTG and DTA curves of Luy(C oHsO¢)3-10H20

ates. The oxides are formed at 833-1073 K (Fig. 7). The anhydrous cerium(III)
complex decomposes directly to CeO, at 723 K. Gadolinium(IIl) benzene-1,2-
dioxyacetate heptahydrate forms the carbonate at 705 K, which decomposes to
Gd,0; at 925 K. The complexes of heavy lanthanides from Tb(III) to Lu and Y
are decomposed to Ln,O; and Tb4O7 at 833-1181 K with formation of oxycar-

bonates as intermediates at 701-743 K. In general, the thermal decomposition
of the prepared complexes can be described as follows:

Ln;Ls-xH,0 — anLa-yﬁzo o 4 an(C03)3 - Ln,0,CO5 - Ln203, PrsOn
Ln = La, Pr-Eu, y = 0-6

Ln2L3'XH20 - Lnng-szO - Ll’lezCOs - anos, Tb407
Ln = La, Tb-Lu, y = 0-3

C62L3'7H20 - Ce2L3 o 4 CeOz

Gd,L3-16H20 — GdzLs-7TH20 — Gd2(COs); — Gd20s
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Fig. 6 TG, DTG and DTA curves of Y2(CioHsO¢)3-13H,0
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Fig. 7 Relationship between temperatures of the beginning and end of dehydration (T},T2)
and oxide formation (7i) and atomic number Z of metal
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The temperature of oxide formation changes irregularly in the lanthanide se-
ries. CeO; is formed at the lowest (723 K), whereas TbsO; at the highest
(1181 K) temperature (Fig. 7). The temperatures of formation of Y,Os, La,0s
and Dy,O; are also high (higher than 1000 K).

On the basis of the results obtained it is possible to suggest that the tempera-
tures of the beginning of dehydration (the first and the second step) and of the
decomposition of the complexes are similar for the entire lanthanide series,
which indicates their similar stabilities.
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