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The conditions of thermal decomposition of heavy lathanide complexes with 3-hydroxy- 
benzoic acid in air and nitrogen atmospheres have been studied. On heating, the complexes 
of Gd, Dy, Ho, Yb and Lu decompose in three stages. First, the hydrated complexes lose 
crystallization water and the anhydrous salts heated in air are then transformed to Ln203, 
or in a nitrogen atmosphere to Ln20 3 and C. Complexes of Tb(ll l), Ho and Er are de- 
hydrated in two stages during heating, and the anhydrous complexes are converted in air 
to Ln20 3 and Tb40 7, and in a nitrogen atmosphere to a mixture of oxides and C. The 
carbon content in the decomposition product ranges between 9.7% for Gd and 19.6% 
for Ho. 

The dehydration of the complexes is accompanied by endothermic effects. The decom- 
position of 3-hydroxybenzoates is exothermic in air and endothermic in nitrogen. 

The salts of 3-hydroxybenzoic acid are l i t t le known. 3-Hydroxybenzoates of NH 4, 
Li, Na, K, TI(I) and Cd have been obtained as anhydrous salts [1, 2], and those of 
Rb, Cs, Ca, Cu( l l )  and UO22+ as hydrated ones [ 1 - 3 ] ;  they are crystalli.ne, and soluble 

in water and ethanol. The sodium salt fluoresces. The I R spectra of the TI(I) [4] and 
Na [ 4 - 6 ]  salts have been studied. The frequencies of the absorption bands of the 

O C O -  groups indicated ionic bonding in the complexes. A search of the available 

l i terature showed that 3-hydroxybenzoates of rare earths have not been studied so 

far. As a cont inuat ion of our work  on the thermal decomposit ion of rare earth 

carboxytates, we now report the thermal decomposit ion of heavy lanthanide 
3-hydroxybenzoates in air and nitrogen atmospheres. 

Experimental 

Complexes of 3-hydroxybenzoic acid wi th heavy lanthanides from Gd to Lu were 

prepared by dissolving freshly precipitated lanthanide hydroxides in an equivalent 
quant i ty  of 3-hydroxybenzoic acid and crystall izing at room temperature. The pre- 
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cipitates formed were fi l tered off, washed with distil led water and dried at 30 ~ to 
constant weight. 

The carbon and hydrogen contents of the complexes were determined by elemental 

analysis with V205 as oxidizing agent. The rare earth element contents were deter- 
mined by ignit ion of the complexes to Ln20 3 or Tb40  7 at 900 ~ and by thermo- 
gravimetry. 

The results showed that the complexes of heavy lathanides with 3-hydroxybenzoic 
acid were prepared as hydrated compounds with a metal to ligand ratio of 1:3. 
3-Hydroxybenzoates of Gd, Dy, Tm and Yb were obtained as tetrahydrates, and of 

Tb( l l l ) ,  Ho, Er and Lu as pentahydrates (Table 1). Complexes of Gd, Dy, Ho, Tm, Yb 

and Lu were obtained as cream-coloured crystalline solids; that of Tb was greenish, 
and that of Er pale-pink. 

X-ray study confirmed that the complexes are crystalline compounds of low 
symmetry with large unit cells. They are characterized by di f ferent structures and 
dif ferent degrees of crystall inity. 

Table 1 Analytical data 

H,% C,% M,% 
Complex Calcd. Found Calcd. Found Calcd. Found 

Gd (C7H503) 3 

Tb (C-IHsO3) 3 

Dy (C7H503) 3 

Ho (C7H503) 3 

Er (C7H503) 3 
Tm(C?H503)3 

Yb (C?H503) 3 

Lu (C-/H503) 3 

4 H20 3.61 3.24 39.37 40.19 24.53 24.28 

5 H20 3.81 3.34 38.19 39.87 23 .91  23.38 

4 H20 3.58 3.61 39.05 38.90 25.15 24.83 

5 H20 3.78 3.57 37.85 40.70 24.75 24.O1 

5 H20 3.76 3.31 37.72 38.93 25 .01  24.92 

4 H20 3.55 3.35 38.66 38.05 25.89 25.34 
4 H20 3.53 3.33 38.42 38.71 26.35 26.34 

5 H20 3.72 3.24 37.29 37.31 25.87 26.38 

Table 2 Frequency of absorption bands of COC- ion of Na and heavy 
lanthan ide 3-hydroxybenzoates (cm - t ) 

Complex Vas Vsy m ~v VM_ O 

Na 1570 1410 160 475 
Gd 1540 1415 125 425 
Tb 1535 1420 115 430 
Oy 1535 1415 120 425 
Ho 1530 1420 110 425 
Er 1530 1420 110 425 
Tm 1535 1420 115 435 
Yb 1530 1420 110 425 
Lu 1540 1425 115 430 
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The I R spectra of the complexes were recorded in the range 4000- 400 cm-1  
They are similar to one another. Analysis of the I R spectra confirms the compositions 
of the complexes. 

In the IR spectra of the 3-hydroxybenzoates of the heavy lathanides, broad ab- 
sorption bands appear with max. at 3420-3340 cm-1 and sharp bands at 1620-- 
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Fig. 1 TG, DTG and DTA curves of Gd(C?HsO 3 �9 4 H20. a) in air, b) in nitrogen 

1600 c m - 1 ,  confirming the presence of crystallization water in the outer coordination 
sphere. The bands of the asymmetric and symmetric vibrations of the O C O -  group 
appear at 1540-1530  cm - 1  and 1425-1415  cm - 1 ,  respectively (Table 2), and the 
bands of the metal-oxygen bond at 4 3 5 - 4 2 5  c m -  1. 

The displacement of the Vasy m and Vsy m bands of these complexes relative to those 
for the sodium salt indicate that the carboxylate ion behaves as a bidentate chelating 
ligand [7]. 

The thermal stabilities of the complexes were studied. TG, DTA and DTG curves 
were recorded on an OD-102 derivatograph at a heating rate of 9 deg �9 m i n - l .  The 
samples were heated in air and nitrogen atmospheres. The results are presented in 
Table 3 and Figs 1 -3 .  The solid decomposition products were calculated from the 
weight losses in the TG curves and were confirmed by recording the IR spectra. 
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Fig. 2 TG, DTG and DTA curves of  Ho(CTH503)3 �9 5 H20.  a) in air, b) in nitrogen 
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Results and discussion 

When heated in air, the 3-hydroxybenzoates of heavy lanthanides decompose in 
different ways. The hydrates of Gd, Dy, Tm, Yb and Lu decompose in two steps 
(Figs la and 3a). 

They are stable up to 80-900 , then lose crystalline water to yield the anhydrous 
salts, this step being accompanied by a strong endothermic effect. The anhydrous 
complexes are stable up to 210-270 ~ but decompose to oxides at 800-920 ~ 
Lutetium oxide forms already at 800 ~ 

The complexes of Tb( l l l ) ,  Ho and Er decompose in three steps (Fig. 2a). The 
pentahydrates are stable up to 90-100  ~ but are transformed at 190-205 ~ to the 
dihydrates, which are converted to the oxides through the anhydrous salts. The de- 
hydration processes are accompanied by two endothermic effects, but the burning 
of the organic anion by an exothermic one. 

When heated in a nitrogen atmosphere, the hydrated 3-hydroxybenzoates of Gd, 
Dy, Tm, Yb and Lu decompose in two steps, similarly as in air (Fig. lb,  3b); the 
complexes of Tb( l l l ) ,  Ho and Er decompose in three steps (Fig. 2b). The dehydration 
and decomposition processes are accompanied by strong endothermic effects. The 
final products of decomposition of lanthanide 3-hydroxybenzoates in a nitrogen 
atmosphere are mixtures of oxides and carbon. The decomposition products have a 
high carbon content, ranging from 9.7% for Gd to 19.6% for Ho. 
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Zusammenfassung -- Die Bedingungen der thermischen Zersetzung von Komplexen der schweren 
Lanthanide mit 3-Hydroxybensoes~ure in Luft und Stickstoffatmosphw wurden untersucht. 
Beim Erhitzen zersetzen sich die Komplexe von Gd, Dy, Ho, Yb und Li in drei Schritten. Zuerst 
verlieren die hydratisierten Komplexe Kristallwasser, die wasserfreien Salze ergeben dann in Luft 
Ln20 3 und in Stickstoffatmosph~ire Ln203 und C als festen R(ickstand. Komplexe von Tb(lll), 
Hound Er werden w~ihrend des Erhitzens in zwei Stufen dehydratisiert und ergeben bei h6heren 
Temperaturen in Luft Ln203 bzw. Tb40 ? und in Stickstoffatmosph~re eine Mischung der Oxide 
mit Kohlenstoff als festen RLickstand. Der Kohlenstoffgehalt des Zersetzungsproduktes liegt 
zwischen 9.7% f[ir Gd und 19.6% for Ho. Die Dehydratisierung der Komplexe geht mit endo- 
thermen Effekten einher, Die Zersetzung von 3-Hydroxybenzoaten ist exotherm in Luft und 
endotherm in Stickstoffatmosph~ire. 

J Therma/Anal 30, 1985 



BRZYSKA et al.: DECOMPQSlTION OF HEAVY L A N T H A N I D E  337 

Pe310Me -- YCTIOB[4R TepMI44ecKoro pa3nO>KeHHR KOMnJ3eKCOB TRH{eYlblX naHTaHI4/~,OB C 3-OKCVl- 

(3eH3OI4HO~ KHC/'IOTO~f H3yqeHbl 8 aTMOCc~epe BO3/I, yXa H 83OTB. YCTaHOBJleHo, NTO KOMn,qeKc•l 

raAonHHHR, AHcnpo3HR, rof~bMHa, HTTep6Hfl H ,q~3TeU.HR pa3flara~oTcR e TpH CTSAHH. CHa,ana 

FHApaTHpOBaHHble KOMnJleKCbl TepR~OT KpHcTannH3aqHoHHy~O BoAy, a 3aTeM 6e3BOAHble COnH 

npeBpau4a~oTcn (3 aTMOCs BO3Ayx8 P.O OKHCnOB, a 8 aTMOCqbepe a30Ta - /~,00KHCJ]OB H yr~e- 

poAa. /],erHApaTa~HR KOMnJleKCOB Tep6Ha, rOflbMHR H 3p6HR npoTeKaeT 8 ABe CTaAHH 14 o6pa- 

3ytOLU.14eCR 3aTeM 6e3BOAHble KOMnfleKCbl npeBpau4a~OTCR B COOTBeTCTBWOU.lt4e OKHCflbi 8 

aTMOCqbepe Bo3Ayxa, TorAa KaK El aTMOCdpepe a30Ta -- B CMeCH OKHC.rlOB 14 vrnepoAa. CoAep- 

>KaHHe yrnepoAa 8 npoAyKTaX pa3no~eH~R KOMrmeKCOB raAon~H~n H roJlbMklR COCTaBnR/]O 

COOTBeTCTBeHHO, 9.7 ~ 19.6%. ~,erHApaTat4~lFI KOMrlJ'IeKCOB corlpoBo~KAaflacb 3HAOTepMHHec- 

KHMH 3(13Cl3eKTaMVI. Pa3TIO>KeHHe 3-OKCH6eH3OaTO8 B 8TMOCCl3epe 803Ayxa RB/1ReTCR 3K3OTepMH- 

qeCKHM npou.eccoM, a B aTMOcCl:)epe 83OT8 -- 3HAOTepMHHeCKVIM, 

J. Therma/ AnaL 30, 1985 


