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The conditions of thermal decomposition of scandium(lIl} hemimelliitate, trimellitate
and trimezinate in air and nitrogen atmospheres have been studied. On heating, the benzene-
tricarboxylates of Sc{ill} decompose in two stages. First, the hydrated complexes lose
crystallization water; heating in air finally yields Sc;03, and heating in a nitrogen atmos-
phere Sc;03 and C. The dehydration of the complexes is associated with strong endo-
thermic effects. The .decomposition of benzenetricarboxylates in air is accompanied by an
exothermic effect and in nitrogen by an endothermic effect.

The activation energies of the dehydration and decomposition reactions have been
calculated for the Sc(111) benzenetricarboxylates.

The salts of benzenetricarboxylic acids are little known. In recent years hemi-
mellitates [1], trimellitates [2] and trimezinates [3]} of Y, La and lanthanides were
obtained as hydrated salts, and their isothermal dehydration was studied. Kasalova
and Petru [4] prepared the trimezinate of Sc as the dihydrate, and those of Y and La
as the hexahydrates, and studied their thermal decompositions. Sc(ill} trimezinate
[4] is dehydrated at 190—270°. Decomposition of the complex begins at 620°. A
search of the available literature show that the hemimellitate and trimellitate of Sc(lll}
have not been studied so far. As a continuation of our work on the thermal decom-
position of scandium(l 1} carboxylates [5—7], we now report the thermal decomposi-
tion of scandium(I11) benzenetricarboxylates in air and nitrogen atmospheres.

Experimental

Scandium(1fl) benzenetricarboxylates were prepared in double decomposition
reactions by adding ammonium hemimellitate (pH 5.8), trimellitate (pH 4.6) or tri-
mezinate (pH 5.6) to a hot solution containing Sc(ill) nitrate (0.1 M). The precipitate
formed was heated in the mother liquor for 1 h, then filtered off, washed with water
to remove NHI ions and dried at 30° to constant mass.
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The content of carbon and hydrogen were determined by elementary analysis,

using V205 as oxidizing agent. The content of scandium was determined by ignition
of the products to Scp03 at 900°. The analysis data are given in Table 1.

Table 1 Analytical data

Scandium(l i1} complexes %, Sc¢ %, C %, H
Name Formula Caled. Found Caled. Found Caled. Found

Hemimellitate CgH3(COO)3Sc - 6H,0 1248 1297 3001 3061 420 458
Trimellitate  CgH3(COO)3Sc+4H,0 1387 1384 3335 3263 342 3.0
Trimezinate CgH3(COO)3Sc+8H,0  11.35 1264 27.28 2743 483  5.19

The results showed that the scandium{l11} benzenetricarboxylates were isolated as
hydrates with various degrees of hydration. The hemimellitate of Sc(l11) was obtained
as the hexahydrate, the trimellitate as the tetrahydrate, and the trimezinate as the
octahydrate. Kasalova and Petru [4] prepared Sc(lll) trimezinate as the dihydrate.

The ‘IR spectra of the benzenetricarboxylic acids and their complexes were re-
corded over the range 4000—400 cm—1. Analysis of the IR spectra confirmed the
results of elementary analysis. Scandium(11}) benzenetricarboxylates are white solids,
not very soluble in water. The hemimellitate and trimezinate of Sc(ill) were prepared
as crystalline compounds and the trimellitate as an amorphous one.
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Fig. 1 TG, DTG and DTA curves of Sc{lil) hemimellitate a} in air, b} in N,
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The thermal stabilities- of Sc(lll) hemimellitate, trimellitate and trimezinate were
studied by the use of TG, DTG and DTA techniques. The measurements were made
with an OD-102 derivatograph at a heating rate of 9 degree/min—1. The samples were
heated in air or nitrogen atmosphere. The recorded TG, DTG and DTA curves are
given in Figs 1-3. From the thermal curves of the benzenetricarboxylates, the tem-
peratures of thermal decomposition were evaluated and are presented in Tables 2
and 3. .
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Fig. 2 TG, DTG and DTA curves of Sc{lil} trimellitate a) in air, b) in N,

The benzenetricarboxylates of scandium(l11) decompose in two stages. On heating
in air, the trimellitate and trimezinate are dehydrated in the temperature range
35—-280° to the accompaniment of a strong endothermic effect, and anhydrous com-
plexes subsequently decompose to ScoO3. The burning of the organic anion is accom-
panied by a strong exothermic effect. Heating of the hexahydrate of Sc(lll} hemi-
mellitate leads to the endothermic loss of 5 molecules of crystallization water, the
resulting monohydrate then decomposing directly to the oxide. The decomposition
and burning of the monohydrate are associated with two exothermic effects, at 560
and 680°.

When heated in a nitrogen atmosphere, the benzenetricarboxylates of scandium(111)
decompose in two stages. The tetrahydrate of Sc(lil) trimellitate is dehydrated in an
endothermic process and the anhydrous complex next decomposes to a mixture of
Scp03 and carbon. The hydrates of Sc(l1l} hemimellitate and trimezinate lose 5 and
7 molecules of water, respectively, yielding the monohydrates, which then are decom-
posed to Scp0O3 and C. The decomposition of the benzenetricarboxylates in nitrogen
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Fig. 3 TG, DTG and DTA curves of Sc(lll) trimezinate a) in air, b) in N
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Fig. 4 Graphic presentation of activation energy of dehydration reaction of: 1 — Sc(lit) hemi-
mellitate, 2 — Scllll) trimellitate, 3 — Sc(l1l) trimezinate

J. Thermal Anal. 28, 1983



BRZYSKA et al.: THERMAL DECOMPOSITION 337

Table 2 Temperature data of dehydration of scandium(111) benzenetricarboxylates
in air and nitrogen atmosphere

. Temperature Peak Endothermic Loss of weight, Lossof Ho0  Activation anergy

Air range of temperature peaks, % lecul of dehydrati

Complex — —_ N
N, dehydration of DTG, Calcd Found reaction,

°Cc °Cc °C . oun n k4 » mol~!
ScL - 6H30{1,2,3] A 40--250 200 210 25.01 25.0 5 5.0
N 30--370 195 200 25.01 25.0 5 5.0
ScL -4 HZO (1.2, 4} A 35-280 130 140 22.23 22.2 4 5.0
N 30--340 126 120 2223 220 4 5.0
ScL «+8H0(1,2,5) A 35242 120 130 36.38 36.0 8 79
N 26-270 110 120 31.80 320 7 7.8

is accompanied by strong endothermic effects at 580—620°. The Scy03 obtained as
final product contains 10.6—13% of carbon.

From the TG and DTA curves the activation energy of dehydration was calculated
by a graphical method [8—11] (Fig. 4, Table 2}. The activation energies of the hemi-
mellitate and trimellitate are the same, 5 kJ * mol—1, while that of the trimezinate,
which is more hydrated, is 7.9 kJ * mol—1, ’

The activation energies for the decomposition of Sc(l11) benzenetricarboxylates in
nitrogen were calculated via the Horowitz and Metzger [9] equation as modified by
Dharwadkar and Karkhanavala [12] (Fig. 5, Table 3). It was found that the decom-
position energies for all the benzenetricarboxylates of scandium are the same.
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Fig. 5 Graphic presentation of activation energy of decomposition reaction of : 1 — Sc{ill) hemi-
mellitate, 2 — Sc(l11) trimellitate, 3 — Sc(l11) trimezinate
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Tabla 3 Temperature data of decomposition of scandium{!!l) benzenetricarboxylates in air and
nitrogen atmosphere

Temperature range Peak Loss of C., Endothermic Exothermic Ty, k Activation
Air of of temperature  weight % peaks, peaks °c energy of
Complex dehydration decomposition of DTG, % °C °C decomposition
N2 °c °c °C Calcd. Found reaction,
kJ - mot~ 1!
ScL*«8H0(1,2,3] A 40-250 405-715 555 80.85 80.0 -~ - B(S)g 715 -~ -
6
N 30-370 405-715 600 8085 68.0 129 580 - 75 23 205
ScL-4H0[1,2,41 A 35-280 405-715 600 78.73 7183 - - ggg 716 - -
N 30-370 405-748 600 78.73 67.0 117 590 - 748 2.3 205
ScL - 8H,0[1,3,5) A 35--242 400663 470 8260 82.0 — - 540 663 — -
N 25450 470650 605 82.60 720 106 620 - 650 2.3 205

L* — CgH3(CO0I3™ [1, 2, 31, 1,2, 4], {1, 3, 5} position of COO™ group
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Zusammenfassung — Es wurden die Bedingungen der thermischen Zersetzung von Scandium(ili)-
hemimelitat, -trimelitat und -trimezinat in Luft und Stickstoffatmosphire untersucht. Beim Er-
hitzen zerfallen die Benzoltricarboxylate des Sc{lil} in zwei Schritten. Zundchst verlieren die
hydratisierten Komplexe Kristallwasser, danach entsteht beim Erhitzen in Luft S¢203 und in einer
Stickstoffatmosphére Sc,03 und C. Die Dehydratisierung der Komplexe ist ein stark endothermer
Prozess. Die Zersetzung der Benzoltricarboxylate ist endotherm in Stickstoff und exotherm in
Luft. Die Aktivierungsenergien der Dehydratisierung und der Zersetzungsreaktionen der Sc(l!1)-
benzoltricarboxylate wurden berechnet.
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Pesiome — W3ayyerbl YCNOBUA TEPMUYECKOFO PasfOKeHUA CKaHAUEBLIX CONeit remnmMensiuTosoim,
TPUMENNUTOBOA U TPUMESMHOBOW KUCNOT B aTtmocdepe BO3ayxa u a30Ta. Bensontpukapbokeu-
Natbl CKaHAVA NpW HarpesaHwuu pasnaralTcA B ABe cTaauu. CHavana ruapatT¥poBaHHbIe KOMM-
neKchbl TEPAIOT KPUCTaNAM3auMOHHYIO BOAY, @ 3aTeM PasnaraloTCA NPWU HarpesaHvumn Ha BO3pyxe
¢ 06pa3oBaHMeM KOHEMHOro npoaykTa Scy03, & Npu HarpesaHuu B aTmoctdepe asota —~ Scy03
W yrnepoaa. [lerMAparauMA KOMIIEKCOB COMPOBOXASETCA CUNLHBIMU  3HAOTEPMUYECKUMMY
achexramu. Pasnorkenne 6eH30NTPMKAPBOKCMNATOB B BO3AYLWHOM aTMOcthepe CONPOBOKAGRTCA
IKCOTEPMUIECKUM 3hdeKTOM, a 8 aTMocdepe 83073 — 3HAOTEPMUYECKUM HpdekToM. Boiuuc-
NeHbl 3HEPryin aKTUBAUWM DPEaKUMV aervapaTauumn u pasnoxeHnA GensonTpukapbokcunatos
CKaHAauA.
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