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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 Ln,O3,
or in a nitrogen atmosphere to Ln,O3 and C. Complexes of Tb{ill}, Ho and Er are de-
hydrated in two stages during heating, and the anhydrous complexes are converted in air
to LnyO3 and Tb407, 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 little known. 3-Hydroxybenzoates of NHy,
Li, Na, K, TI{l) and Cd have been obtained as anhydrous salts [1, 2], and those of
Rb, Cs, Ca, Cu(ll) and U022+ as hydrated ones [1—3]; they are crystalline, and soluble
in water and ethanol. The sodium salt fluoresces. The IR spectra of the TI(}) [4] and
Na [4—6] salts have been studied. The frequencies of the absorption bands of the
OCO— groups indicated ionic bonding in the complexes. A search of the available
literature showed that 3-hydroxybenzoates of rare earths have not been studied so
far. As a continuation of our work on the thermal decomposition of rare earth
carboxylates, we now report the thermal decomposition of heavy lanthanide
3-hydroxybenzoates in air and nitrogen atmospheres.

Experimental
Complexes of 3-hydroxybenzoic acid with heavy lanthanides from Gd to Lu were

prepared by dissolving freshly precipitated lanthanide hydroxides in an equivalent
quantity of 3-hydroxybenzoic acid and crystallizing at room temperature. The pre-
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cipitates formed were filtered off, washed with distilied water and dried at 30° to
constant weight.

The carbon and hydrogen contents of the complexes were determined by elemental
analysis with VoOg as oxidizing agent. The rare earth element contents were deter-
mined by ignition of the complexes to LnyO3 or ThyO7 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(lI1}, 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 different structures and
different degrees of crystallinity.

Table 1 Analytical data

H, % C, % M, %

Complex Caled. Found Caled. Found Caled.  Found

Gd (C;HsO3)3 * 4H,0 361  3.24 3937 4019 2453 24.28
Tb (C;Hs03)3+5H,0 381 334 3819 3987 2391 2338
Dy(C,Hs0;303+4H,0 358 361 39.056 3890 2515 2483
Ho(CqHgO3)3 + 5 H,0 378 357 3785 4070 2475 2401
Er({C,HsO3)3 -5 H,0 376 331 3772 3893 2501 24.92
Tm{CsHO4)3 - 4H,0 355 335 3866 3805 2589 25.34
Yb(CqHsO3)3 + 4H,0 353 333 3842 3871 2635 26.34
Lu(C;H503)3 -5 H,0 372  3.24 3729 37.31 2587 26.38

Table 2 Frequency of absorption bands of COC~ ion of Na and heavy
lanthanide 3-hydroxybenzoates (cm —1)

Complex Vas Psym Av UM—0
Na 1570 1410 160 475
Gd 1540 1415 125 425
Tb 1535 1420 115 430
Dy 1535 1415 120 425
Ho 1530 1420 110 425
Er 1630 1420 110 425
Tm 1635 1420 115 435
Yb 1530 1420 110 425
Lu 1540 1425 115 430
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The IR spectra of the complexes were recorded in the range 4000--400 cm—1.
They are similar to one another. Analysis of the IR 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—

07G DTG
_ _T\v—_f

Exo
A Iy
| l
AT AT
| !
Endo |CA Endo] DTA

0
16 0 TG
20— 20
= 40 ?‘: 4O
- 0
= 60 a) ~ 60 b)
& 5
ool | | I £ solL L ' J
100 300 600 900 100 300 600 S00
Temperature ,°C Temperature ,°C

Fig. 1 TG, DTG and DTA curves of Gd{C7H503 » 4 H,Q. a} in air, b) in nitrogen

1600 cm—1, confirming the presence of crystallization water in the outer coordination
sphere. The bands of the asymmetric and symmetric vibrations of the OCO— group
appear at 1540~1530 cm—1 and 1425—-1415 cm—1, respectively (Table 2}, and the
bands of the metal—oxygen bond at 435—425 cm—1.

The displacement of the v35ym and vsym 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 * min—1. 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{C7H3503)3 + 5 H,0. a} in air, b) in nitrogen
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Fig.3 TG, DTG and DTA curves of Lu{CyH503)3 - 5 H70. 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 1a and 3a).

They are stable up to 80—80°, 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(lil), 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 exethermic 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. 1b, 3b); the
complexes of Th(lll), 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-Hydroxybensoesdure in Luft und Stickstoffatmosphére 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
Ln,03 und in Stickstoffatmosphére LnyO3 und C als festen Riickstand. Komplexe von Tb(lil),
Ho und Er werden wahrend des Erhitzens in zwei Stufen dehydratisiert und ergeben bei hGheren
Temperaturen in Luft LnyO3 bzw. Tbg0~ und in Stickstoffatmosphére eine Mischung der Oxide
mit Kohlenstoff als festen Riickstand. Der Kohlenstoffgehalt des Zersetzungsproduktes liegt
zwischen 9.7% fiir Gd und 19.6% fiir Ho. Die Dehydratisierung der Komplexe geht mit endo-
thermen Effekten einher. Die Zersetzung von 3-Hydroxybenzoaten ist exotherm in Luft und
endotherm in Stickstoffatmosphére.
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Pesiome — YCNOBUA TEPMUUECKOrO PA3NOKEHUA KOMMNEKCOB TRXKENbIX NaHTaHMRCB C 3-OKcu-
BGeH30HHOW KUCNOTON U3YUEHL! B aTMOCHepe BO3AYXa W 330T3. YCTAHOBAEHO, 4TO KOMMNEKCs!
FagOnNUHNA, GUCNPO3MA, FONMbMUA, NTTEPBUA U fICTeUMA pasnarawTcA B Tpu ctaauun. CHauana
rUAPaTUPOBaHHbIE KOMMIEKCLI TEPAT KPVUCTANNM3auMoHHY0 Boay, a 3aTeM 6e3soaHbie conu
npeBpaWa@TCA 8 aTMOCHhEPE BO3AYXa A0 OKUCNOB, @ B aTMOcdepe asoTa — A0 OKUCNOB y yrne-
poaa. ernapataumA KOMNNeKcos Tepbua, roneMua U 3pbuA nNpoTexaet 8 ase cTagun u obpa-
3yoWwMech 3atem 6e3B8OAHbIE KOMNMEKCHI NPEBPaLEITCA B COOTBETCTBYOILME OKNHCALI B
aTMocdepe BO3AYxa, TOFAA KaK B aTMOcihepe asoTa — B CMECUM OKMCAOB W yrnepoad. Coaep-
XKaHWe yrrepoaa 8 NPOAYKTaxX pasfokeHWA KOMINEeKCOB rajonvHuA # rofibMUA COCTaBRAND
coorsetcTBenHo, 9.7 U 19.6%. [fderuwapatauna KOMIINEKCOB CONpPOBOXAANACh IHAOTEPMUYEC-
Kumu aghextammn. Pasnosxedve 3-oxkcubernsoatos B atmoctdepe Bo3fyxa ABARETCH 3K30TepMu-
YECKUM MPoUEccoM, a B aTMochepe a3oTa -~ IHROTEPMUHECKUM,
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