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The conditions of thermal decomposition of scandium o-nitrobenzoate, o-chlorobenzoate, o- 
methylbenzoate, o-hydroxybenzoate and o-aminobenzoate were studied. On heating, the 
carboxylates decompose in two steps, only scandium anthranilate decomposes in one step. The 
hydrated complexes first lose water of crystallization and then are transformed to Sc203 . The 
dehydration of the complexes is an endothermic process and the decomposition of anhydrous 
complexes is strongly exothermic. Scandium o-nitrobenzoate decomposes explosively. 

Scandium(III) complexes with o-benzoic acids are little known. Crookes [1] has 
obtained basic scandium(Ill) o-methylbenzoate (CH3C6H4COO)2Sc(OH). 3H20 
in the reaction of ammonium o-methylbenzoate and scandium(Ill) nitrate 
solutions. This compound loses water of crystallization at 150 ~ . Crookes has 
prepared also scandium(III) o-methylbenzoate 2(CH3C6H4COO)ScO �9 So(OH)3 
by adding o-methylbenzoic acid to a suspension of scandium(Ill) hydroxide. The 
prepared complex is sparingly soluble in water and ethanol, and soluble in dilute 
acids. 

Prozorovskaya et al. [2, 3] have prepared scandium(Ill) salycilate 
S c 2 ( O H C 6 H , C O O ) s O H ' H 2 0  , recorded its IR spectra, studied the thermal 
decomposition and determined its density and solubility in water. 

Scandium(III) anthranilate was prepared as an anhydrous neutral salt 
Sc(NH2C6H4COO)a [2, 4, 5] and its IR spectra and thermal decomposition were 
recorded. 

The compounds of scandium(III) with o-nitro- and o-chlorobenzoic acids are 
unknown. 

John Wiley & Sons, Limited,~hichester 
Akad~miai Kiad6, Budapest 
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The aim of our work was to obtain o-nitrobenzoate, o-chlorobenzoate, o- 

methylbenzoate  (o-toluate), o-hydroxybenzoate (salicylate), and o-aminobenzoate 
(anthranilate) of scandium(Ill) and study their thermal decomposition in air. 

Experimental 

The o-nitro-, o-chloro-, o-methyl-, o-hydroxy- and o-aminobenzoate of 
scandium(III) were prepared in double decomposition reaction by adding 
equivalent amounts of 0.1 M solutions of ammonium o-nitrobenz, oate (pH 3.5), o- 
chlorobenzoate (pH 4.5), o-toluate (pH 5.1), salicylate (pH 4.8) or anthranilic acid 
(pH 3.6) to a hot solution containing Sc(NO3) 3 (pH 4.0). The precipitates formed 
were heated in the mother liquor for 1 h, filtered off, washed with water to remove 
NH2 ions and dried at 30 ~ to constant weight. 

The carbon, hydrogen and nitrogen content of the prepared complexes was 
determined by elemental analysis using V20 5 as an oxidizing agent. The chlorine 
content was determined by the Sch6niger method. The scandium(III) content was 
determined from the TG curves by converting the complexes to Sc20 3 at 900 ~ The 
water content was determined from the TG curves. The elemental analysis data are 
given in Table 1. 

The obtained data indicate that the scandium(III) o-nitrobenzoate is a 
hernihydrated oxosalt with a metal to ligand ratio of 1:2, o-chloro- and o- 
methylbenzoate are hemihydrated salts with a metal to ligand ratio of 1:3, 
salicylate of scandium 3,5 hydrated salt with a metal to ligand ratio of 2 : 5 and 
anthranilate is an anhydrous salt with a metal to ligand ratio of I : 3. 

The IR spectra recorded for prepared complexes over the range 4000-400 cm- I 
confirmed the elemental analysis results. The prepared scandium o-benzoates arc 
white solids, with the exception of scandium(III) o-nitrobenzoate which is cream 
coloured and o-aminobenzoate, which is brown coloured. The complexes are 
crystalline solids, sparingly soluble in water. 

The thermal stability of the prepared complexes was studied. The TG, DTG and 
DTA curves were recorded. The measurements were made on a derivatograph at a 
heating rate of 9 deg" min -~ and sensitivity TG-100 mg. The samples were heated 
in air atmosphere in ceramic crucibles. The obtained results are given in Tables 2 
and 3, and typical curves 'are illustrated in Fig. 1. 

The studied scandium o-benzoates (with the exception of scandium o- 
aminobenzoate) on heating in air decompose in two steps. In the first step they are 
dehydrated endothermically in the temperature range 40-350 ~ yielding anhydrous 
salts, This is followed by ignition of organic anions, what is connected with 
exothermic effects. Sc20 3, which is formed at 480-690 ~ is the final product of 
decomposition. 

J. Thermal Anal. 34, 1988 
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Fig. 1 TG, DTG and DTA curves of Sc(IlI) o-nitrobenzoatr 

The high temperatures of dehydration of scandium(III) o-nitrobenzoate 
(210-310~ o-chlorobenzoate (240-350 ~ and o-methylbenzoate (230-280~ suggest 
that the water of crystallization is inner sphere water and molecules of these 
complexes exist as dimers with formula: [Sc402(NO2C6H4COO)8.H20], 
[Sc2(CIC~H4COO)6-HzO ] and [Scz(CH~C6H4COO)6. H20], respectively. 

Scandium(III) o-hydroxybenzoate begins tc lose water of  crystallization at low 
temperature and the lost water molecules are lost at high temperature. In the 
temperature range of40-160 ~ it loses two molecules, the remaining water molecules 
are lost at 220 ~ and the anhydrous salt is formed. These results indicate that water 
molecules are bound in different ways. Probably the water of crystallization lost at 
low temperature is outer sphere water whereas the one lost at high temperature is 
coordinated in the inner sphere. These results suggest that scandium(III) o- 
hydroxybcnzoate exists as a dimer [Sc4(OH)~(OHC6H4COO)Io" 3H20]H20. 

The anhydrous scandium(III) o-hydroxybenzoate heated to 325 ~ is transformed 
r to Sc4Oa(OHC6H4COO)6, which has probably a chain structure. 
The composition of this complex is confirmed by elemental analysis and IR spectra 

Sc40~(OHC6H~COO)6 
complex obtained at 325 ~ 

So ,% C , %  H , %  
17.19 48.02 2.88 
17.32 48.10 3.12 

$. Thermal Anal. 34, 1088 
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In the IR spectrum of the complex heated at 325 ~ the positions of absorption 
bands of asymmetrical and symmetrical vibrations of the COO- and the OH 
groups do not change in the comparison with the spectrum of scandium(III) o- 
hydroxybenzoate. The bands characteristic for basic salt (3570 cm- 1) and hydrated 
salt (3430 and 1640 cm- 1) disappear and the band of the Sc43-Sc bond appears at 
600 cm- 1 [6]. 

Shestakova et al. [3], on heating scandium(III) o-hydroxybenzoate monohydrate 
Scz(OH)(OHC6H4COO)3 .H2 O, obtained at 300 ~ a complex with the formula: 
Sc20(OHC6H4COO)4. The intermediate product Sc403(OHC6H4COO)6 ob- 
tained by us during heating o-hydroxybenzoate at 325 ~ arises probably as a 
condensation product of the complex prepared previously [3]. This confirms the 
suggestion that scandium(III) o-hydroxybenzoate described in our work exists as a 
dimer. 

On the DTA curves of studied scandium(III) o-benzoates in the temperature 
range 30-210 ~ an exothermic effect is observed. From the thermal data of 
scandium(III) benzoate [7] it can be concluded that in this temperaure range 
polymorphic transformation takes place. 

For scandium(III) o-hydroxybenzoate the exothermic effect connected with the 
polymorphic transformation is particle masked by the strong endothermic effect of 
the first step of dehydration. 

Anhydrous scandium(III) o-aminobenzoate heated at 30-180 ~ undergoes a 
polymorphic change, at 340 ~ it melts and in the temperature range 310-690 ~ the 
organic ligand is ignited accompanied by exothermic effect. 

Anhydrous scandium(III) benzoates decompose exothermically and 
scandium(III) o-nitrobenzoate explosively (370~ 

References 

1 W. Crookes, Z. Anorg. Chem., 61 (1909) 349. 
2 Z. N. Prozorovskaya, T. W. Shestakova and L. 

N. Komissarova, Tesisy Dokl.-Vses. 
Chugaevskoe Soveshch. Khim. Komplekson. 
Soedin., 12 (1974) 386. C.A. (1985) 171020. 

3 T. W. Shestakova, Z. N. Prozorovskaya, L. N. 
Komissarova and Je. N. Loginova, Koordin. 
Khimia, 1 (1975) 1190. 

4 V. P. Sorgutskiy, V. V. Serebrennikov, N. J. 
Averyanov and O. I. Batdova, Tr. Tomsk. Gos. 
Univ., 204 (1971) 282. 

5 T. W. Shestakova, Z. N. Prozorovskaya and L. 
N. Komissarova, Zh. Neorg. Khim., 19 (1974) 
2671. 

6 I. W. Archangelskiy, E. N. Komissarova, G. Ja. 
Puszkina and E. G. Teterin, Zh. Ncorg. Khim., 
12 (1967) 1756. 

7 W. Brzyska, R. Kurpiel-Gorgol and M. Da, b- 
kowska, J. Thermal Anal., 29 (1984) 1299. 

J. Thermal Anal. 34, 1988 



602 BRZYSKA, KURPIEL-GORGOL: THERMAL DECOMPOSITION 

Zusammcal'assang - -  Die Umstgnde der .thermischen Zersetzung des o-Nitrobenzoates, des o- 
Chlorobcnzoates, des o-Methylbcnza~tes, des o-Hydroxybe~zoates and des o-AminobcazGates yon 
Scandium wurden untersucht. Mit Ausnahme des Scandium-anthranilates, das in einem Schritt zerfdllt, 
zvrsetzen sich die Karboxylate beim Erhitzen in zwei Schritten. Die hydrierten Komplexe geben zuerst 
Kristallwasser ab und formcn dann Sc203. Die Dehydrierung der Komplexe ist ein endothermer 
Prozess, wS.hrend die Zersetzung der anhydrierten Komplexe stark exotherm abl.~uft. Scandium-o- 
nitrobenzoat zvrsetzt sich explosionsartig. 

P ~ l O l t ~  - -  H3yqeHM yCJIOBHJl TcpMllqCCKOFO pa3JIOXeHHg O-HHTpO-, O - X J l o p o %  O-MCTILrl - ,  O-OXCH- H O- 

aMI, IHO~H3OaTOB cKaH~ma. [IpH HarpceaHm~ BCg 6CH3OaTId pa3~ara]oTCa B ~Be ffra~HH, 3a 
HCI~HOqCHEICM auTpaH~L~aTa c~aH~a, pa3~ara~mcroca B O~[Hy CTa~fFO. FH~paTH cHaqa~a TcpmOT 
Iq~Hc~ra.qJlHq~lgyIo BO~[T, a ~9.TeM HpeBpamalOTCg ~O OKCH~a cI(aH~Hg. [ ' [ p o H ~  ~ c r ~ p a T a H H n  

gBJIgL~I'CJl 3H~OTCpMHqCCKHM, a paaJioxeHae 6e3BO~HMX COJIefi - -  CI4JIbHO 3KCOTCpMH~[CCKHM 

llpOIIeCCOM. OpTO-HHTpO~H~OaT CKa~tax~ paaaaracrcs co sap~SOM. 

J. Thermal Anal. 34, 1988 


