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The conditions of thermal decomposition of scandium(l I I) hemimellitate, trimellitate 
and trimezinate in air and nitrogen atmospheres have been studied. On heating, the benzene- 
tricarboxylates of Sc(lll) decompose in two stages. First, the hydrated complexes lose 
crystallization water; heating in air finally yields Sc20 3, and heating in a nitrogen atmos- 
phere Sc20 3 and C. The dehydration of the complexes is associated with strong endo- 
thermic effects. Thedecomposition 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(I I I) benzenetricarboxylates. 

The salts of benzenetr icarboxyl ic acids are l i t t le known. In recent years hemi- 
mellitates [1], tr imell i tates [2] and trimezinates [3] of Y, La and lanthanides were 
obtained as hyd.-ated salts, and their isothermal dehydrat ion was studied. Kasalova 
and Petru [4] prepared the tr imezinate of Sc as the dihydrate, and those of Y and La 
as the hexahydrates, and studied their thermal decompositions. Sc( l l l )  tr imezinate 
[4] is dehydrated at 190-270  ~ Decomposit ion of  the complex begins at 620 ~ A 
search of the available l i terature show that the hemimell i tate and tr imel l i tate of Sc( l l l )  
have not been studied so far. As a cont inuat ion of our  work on the thermal decom- 
position of scandium(I l l )  carboxylates [ 5 - 7 ] ,  we now report the thermal decomposi- 
t ion of scandium(l I I) benzenetricarboxylates in air and nitrogen atmospheres. 

Experimental 

Scandium(I l l )  benzenetricarboxylates were prepared in double decomposit ion 
reactions by adding ammonium hemimell i tate (pH 5.8), t r imel l i tate (pH 4.6) or tr i- 
mezinate (pH 5.6) to a hot solut ion containing Sc ( l l l ) n i t ra te  (0.1 M). The precipitate 
formed was heated in the mother l iquor for  1 h, then f i l tered off ,  washed wi th  water 
to remove NH~ 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 Sc20 3 at 900 ~ The analysis data are given in Table 1. 

Table 1 Analytical data 

Scandium(I II) complexes %, Sc %, C %, H 
Name Formula Calcd. Found Calcd. Found Calcd. Found 

Hamimellitate C6H3(COO)3Sc �9 6 H20 12.48 12.97 30.01 30.61 4.20 4.58 
Trimallitate C6H 3(COO) 3Sc �9 4 H 20 13.87 13.84 33.35 32.63 3.42 3.20 
Trimezinate C6H3(COO)3Sc �9 8 H20 11.35 12.64 27.28 27.43 4.83 5.19 

The results showed that the scandium(I l l )  benzenetricarboxylates were isolated as 
hyd rates w i th  various degrees of hyd ration. The hemimell i tate of Sc( II I) was obtained 
as the hexahydrate, the tr imel l i tate as the tetrahydrate, and the tr imezinate as the 
octahydrate. Kasalova and Petru [4] prepared Sc( l l l )  tr imezinate as the dihydrate. 

The q R spectra of the benzenetr icarboxyl ic acids and their  complexes were re- 
corded over the range 4 0 0 0 - 4 0 0  cm - 1 .  Analysis of the I R spectra confirmed the 
results of elementary analysis. Scandium(l I I) benzenetricarboxylates are whi te solids, 
not very soluble in water. The hemimell i tate and trimezinate of Sc( l l l )  were prepared 
as crystall ine compounds and the tr imel l i tate as an amorphous one. 

E ~ 

4C 

6( 

o 

�9 TG 

i 

20O 4OO 6O0 80O 
Temperature ~C 

r--J 

En6o ~ 

o] 
2c 

~ 6o 

2OO 4OO 6O0 8OO 
Temperature ~~ 

Fig. 1 TG, DTG and DTA curves of Sc(lll) hemimellitate a) in air, b) in N 2 
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The thermal stabilities-of Sc(ll l) 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 o f  Sc( l l l )  t r imel l i ta te a) in air, b) in N 2 

The benzenetricarboxylates of scandium(l I I) 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 Sc203 . The burning of the organic anion is accom- 
panied by a strong exothermic effect. Heating of the hexahydrate of Sc(l l l) 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(l I I) 
decompose in two stages. The tetrahydrate of Sc(l l l) trimellitate is dehydrated in an 
endothermic process and the anhydrous complex next decomposes to a mixture of 
Sc203 and carbon. The hydrates of Sc(l l l) hemimellitate and trimezinate lose 5 and 
7 molecules of water, respectively, yielding the monohydrates, which then are decom- 
posed t o  S c 2 0  3 and C. The decomposition of the benzenetricarboxylates in nitrogen 
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Fig. 3 TG,  DTG and D T A  curves o f  Sc( l l l )  t r imezinate a) in air, b) in N 2 
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Fig. 4 G r a p h i c  presentat ion o f  act ivat ion energy o f  dehydrat ion react ion of :  1 - Sc( l l l )  hemi- 
mel l i tate, 2 - Sc( l l l )  t r imel l i tate,  3 --  Sc( l l l )  t r imezinate 
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Table 2 Temperature data of dehydration of scandium(l I I) benzenetricarboxylates 
in air and nitrogen atmosphere 

337 

Complex 

Temperature Peak Endothermic LoB of weight, Loss of H 20 Activation energy 
Air range of temperature peak=, % molecules, of dehydration 
N2 dehydration of DTG, reaction, 

~ ~C o c Celcd. Found n kJ �9 too l -  1 

SoL �9 5 H20 |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 �9 4 FI20 I1, 2, 4 l  A 35-280 130 140 22.23 22.2 4 5.0 
N 30-340 125 120 22.23 22.0 4 5.0 

ScL �9 8 H20 I1,2,  5] A 35-242 120 130 36.38 36.0 8 7.9 
N 25--270 110 120 31.80 32.0 7 7,9 

is accompanied by strong endothermic effects at 5 8 0 - 6 2 0  ~ The Sc20 3 obtained as 
f inal product contains 10.6-13% of  carbon. 

From the TG and D T A  curves the activation energy of  dehydrat ion was calculated 
by a graphical method [ 8 - 1 1 ]  (Fig. 4, Table 2). The activation energies of  the hemi- 
mell itate and tr imel l i tate are the same, 5 kJ �9 mo1-1,  whi le that of  the tr imezinate, 
which is more hydrated, is 7.9 kJ �9 t o o l -  1. 

The activation energies for  the decomposit ion of  Sc( l l l )  benzenetricarboxylates in 
nitrogen were calculated via the Horowi tz  and Metzger [9] equation as modif ied by 
Dharwadkar and Karkhanavala [12] (Fig. 5, Table 3). It was found that the decom- 
posit ion 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 ( l l l )  hemi- 
mellitate, 2 - Sc(I I I) trimellitate, 3 -- Sc(ll I) trimezinata 
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Table 3 Temperature data of decomposition of scandium(Ill) benzenetricarboxylates in air and 
nitrogen atmosphere 

Temperature range Peak Loss of C, Endothermic Exothermic Tk, k 
Air  of of temperature weight % peaks, peeks ~ 

Complex dehydration decomposition of DTG, % ~ ~ 
N2 ~ ~ ~ Calcd, Found 

Activation 
energy of 

decomposition 
reaction. 

kJ �9 m o l -  1 

S c L * "  6 H20  [1 ,2 .31  A 40--250 405--715 555 80.85 80.0 - -- 500 715 -- 
68O 

N 30 -370  405 -715  600 80.85 68.0 12.9 580 - 715 2.3 

S c L - 4 H 2 0 [ 1 . 2 . 4 J  A 35 -280  405 -715  600 78.73 78.3 - - 535 715 - 
68~ 

N 30 -370  405--748 600 78.73 67.0 11.7 590 - 748 2.3 

ScL �9 8 H20 [1, 3, 5] A 35--242 400--663 470 82.60 82.0 -- 540 663 -- 
N 2 5 - 4 5 0  470--650 605 82.60 72.0 10.6 620 650 2.3 

205 

2O5 

2O5 

L *  - C6H3(C00)  ~ -  [1, 2, 3], [ I ,  2, 4], 11, 3. 5~ position of COO-  group 
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Zummmenfa=ung - Es wurden die Bedingungen der thermischen Zersetzung von Scandium(lll)- 
hemimelitat, -trimelitat und -trimezinat in Luft und Stickstoffatmosph~;re untersucht. Beim Er- 
hitzen zerfallen die Benzoltricarboxylate des ScUll) in zwei Schritten. Zur~chst verlieren die 
hydratisierten Komplexe Kristallwasser, danach entsteht beim Erhitzen in Luft Sc20 3 und in einer 
Stickstoffatmospl~re Sc20 3 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(lll)- 
benzoltricarboxylate wurden berechnet. 
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Pe31oMe -- H3yqeHbl yCJlOBHR TepMHqeCKOrO pa3no>KeHHR CKaH/~HeBblX cone~l reMHMenJ1HI"OBO~, 
TpHMennHTOBO~ H TpHMe3HHOBO~I KHCnOT B aTMOCCl~epe BO3/3,yxa H 83OTa. 6eN3ogTpHKSp6OKCH- 
JlaTbl CKaH.0,HR npH HaI'peBaHHH pa3Nal'a~TCR B ABe CTa/~MH. CHaqana rHApaTHpOBaHHble KOMrl- 
NeKCbl TepR~OT KpHcTaR,qH3aU, HOHHylO BoAy, a 3aTeM pa3naramTCR npH HarpeBaHHH Ha BO3Ayxe 
C o6pa3oI3aHHeM KOHeqHoro npoAyKTa Sc20 3, a npH HaI'peBaHHH B aTMOc~epe a30Ta -- Sc20 3 
H yrnepo/~a. ~erHApaTaUHR KOMI'IneKCOB COrlpOBO)KAaeT~CR CHRbHblMH 3H/~OTepMHqeCKHMH 
3dpdpeKTaMH. Pa3noH<eHi4e 6eH3OnTpHKap6OKCHnaTOB B Bo3AyLUHO~ aTMOCdpepe conpoBO~K/~aeTCR 
3KCOTepMHNeCKHM 3d~3eKTOM, a 8 aTMOCd~epe a30Ta -- 3HAOTepMHqeCKHM ~(~eKTOM. BbI~HC- 
geHbl 3HepI'HH aKTHBa~HH peaKU, HH ~erH/~paTau, HH 14 pa3RO>KeHHR 6eH3ORTpHKap~OKCl4JlaTOB 
CKaH~HR. 
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