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The conditions of decomposition of Y, La and lanthanide (from Ce(IIl) to Lu) salicylates
have been studied. On heating, the hydrated salicylates of Y and lanthanides from Nd to Lu lose
crystallization water in one step to yield the anhydrous salts. The anhydrous complexes of Y, La,
Ce(III), Pr, Nd, Sm, Eu(IfI), Gd and Tb subsequently decompose in several steps to the oxides
Ln,0;, CeO,, Pr,0,; and Tb,O,. The anhydrous complexes of the remaining lanthanides
decompose directly to the oxides Ln,0;.

The structures of some rare earth complexes with salicylic acid have been
investigated by spectroscopic [1-15] and X-ray [15] methods by many authors. The
proposed composition of the complexes is, in general, Ln(C,H,OHCOO), [1-7],
except in the work of Kanekar et al. [8], who suggested that the formula for the
ytterbium complex is Yb,(C¢H,0COO),. Lewandowska et al. [16] have prepared
complexes of Y, La and all lanthanides except promethium with the general
formula Ln(C4H,OHCOO), - nH,0 (n is not given). Some authors [1-4, 9, 10, 14]
are of the opinion that the lanthanide-salicylate bond is formed by replacing the
proton from the COOH group only, whereas others [5, 8] have suggested that both
the carboxylic and the phenolic groups are involved. Sinha and Irving [3] have
suggested the formation of a coordination bond between the central ion and the
oxygen of the phenolic group. The bonding mode between the central ion and the
carboxylic group can be monodentate [12] or simultaneously monodentate and
bidentate [9]. According to Kanekar [8], the salicylic anion behaves as a tridentate
ligand and the coordindtion number of Ln3* is 9. Burns and Baldwin [14] have
investigated the crystal structure of samarium salicylate,
Sm(CsH,OHCOO);-H,0. The X-ray data indicate that both the carboxylic and
the phenolic oxygen atoms participate in the coordination. Thus, there 1s no
uniform opinion concerning the structures of these rare earth complexes.
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The thermal decompositions of Y, La and Nd salicylate hydrates [4, 17] have
been studied. It was found that dehydration takes place in the range 313433 K,
and decomposition at 433-1023 K [17].

Systematic studies on the thermal decompositions of rare earth complexes with
salicylic acid have not been reported.

The aim of our work was to obtain rare earth complexes with salicylic acid in the
solid state and to study their thermal decompositions on heating in air atmosphere.

Experimental

The complexes of Y, La and lanthanides (from Ce(I1]) to Lu) with salicylic acid
were prepared by adding an equivalent amount of a saturated solution of
ammonium salicylate to a hot solution of the rare earth chloride (Ce(I11) was used
as nitrate). The precipitate formed was heated in the mother liquor for 0.5 h, then
filtered off, washed with hot water to remove NH; ions and dried to constant
weight at 303 K. The rare earth salicylates were prepared as crystalline solids with
the weak colours characteristic of the Ln3" ions. ‘

The compositions of the prepared complexes were established on the basis of
elemental analysis. The contents of carbon and hydrogen were determined by
elemental analysis, with V,05 as oxidizing agent. The contents of rare earth

Table 1 Analytical data

H, % C, % M, %
Complex

caled. found dalcd. found caled. found
Y(CcH,OHCOO),-4H,0 405 444 4407 4426 1553 1574
La(C¢H,OHCOO), 274 290 4584 4630 2524 24.72
Ce(C,H,OHCOO), 274 324 4573 4529 2540 25.01
Pr(C,H,OHCOO), 273 3.03 4547 4593 2551 24.58
Nd(C,H,0HCOO0), H,0 298 379 4397 4305 25.14 24.85
Sm(C,H,0HC00),-H,0 295 341 43.50 43.14 2594 2544
Ew(CH OHCOO};-H,0 294 340 4339 4260 26.14 2590
Gd(CH,OHCOO);-H,0 . 292 304 43.00 4330 26.80 26.88
TH(C¢H,OHCOO),-H,0 291 317 4287 4199 27.02 2693
Dy(C,H,OHCOO),-H,0 289 325 4261 4205 2745 2744
Ho(C¢H,OHCOO),-H,0 2.88 291 4244 4197 2775 2793
Er(C,H,0HCO0);-4H,0 356 3.67 3876 38.46 2586 2595
Tm(C¢H, OHCOO);-4H,0 355 369 38.66 37.33 25.89 25.33
Yb(CcH,OHCOO),-4H,0 3.53 3.68 3842 3854 2635 2634
Lu(C,H,0HCOO),-4H,0 3.67 3.75 38.31 38.03 26.57 2594
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elements were determined by ignition of the complexes to the oxides at 1173 K and
from the TG curves. The contents of crystallization water were determined from the
TG curves and by heating the complexes at suitable temperatures. The results are
given in Table 1.

The salicylates of La, Ce(I1I) and Pr(II1) were prepared as anhydrous complexes,
those of Nd, Sm, Eu(Ill), Gd, Tb, Dy and Ho as monohydrates, and those of Er,
Tm, Yb, Lu and Y as tetrahydrates, with a molar ratio of metal to ligand of 1:3.

The IR spectra of salicylic acid and the complexes were recorded over the range
4000-400 cm ™. Analysis of the IR spectra confirmed the elemental analysis data.
When the acid is converted to a salt, the absorption band of the COOH group at
1655 cm ™! disappears and the absorption bands of asymmetric and symmetric
vibrations of the COO™ group appear at 1590-1560 cm ! and 1400-1380 cm ™1,
with the absorption band of the metal-oxygen bond at 490-470 cm ™. In the
spectra of the hydrated salicylates a strong broad absorption band is observed with
maximum at 3420-3320 cm ™!, and a sharp band at 1620-1600 cm 1, which
confirm the presence of crystallization water. In the spectra of salicylic acid and of
the prepared salicylates, the absorption band of the phenolic group is present at
1480 ¢cm ™!, which indicates that the OH group does not take part in coordination
to the metal ion. The IR spectra of all lanthanide salicylates have been studied in
detail by Lewandowska et al. [16]. Our results are comparable to those obtained by
Lewandowska.

The thermal stabilities and decomposition products of the rare earth complexes
were studied on heating in air atmosphere. On OD-102 derivatograph was used to
record the TG, DTG and DTA curves. The samples were heated in ceramic
crucibles at a heating rate of 9 deg/min~!. The decomposition products were
determined from the derivatographic curves and by recording IR spectra. The
results are presented in Figs 1-3 and Tables 24.

Results

The results demonstrated that the anhydrous salicylates of La, Ce(ITI) and Pr are
stable up to 448-463 K. On heating, they decompose in several steps. During the
decompositions of the La and Ce(IIl) complexes, the unstable products
Ln,(C4H,0COO0); and Ln,0;(CcH,OCOO), formed; the cerium intermediates
decomposed directly to CeO,, whereas those of lanthanum gave La,O; via the
intermediate formation of La,0,CO;, which was stable in the range 843-963 K
(Fig. 1, a, b, ¢, Tables 2 and 3).

The monohydrated salicylates of Nd, Sm(II1), Eu(III), Gd, Tb, Dy and Ho and
the tetrahydrated salicylates of Er, Tm, Yb, Lu and Y are fully dehydrated in one
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Fig. 1 TG, DTG and DTA curves of salicylate of:'a) La, b) Ce(IlI), ¢) Pr(1lI)
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Fig. 2 TG, DTG and DTA curves of Nd salicylate
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step in the range 313-493 K to the accompaniment of an endothermic effect. The
anhydrous salicylates of Nd and Sm are very unstable, whereas those of the
remaining rare earth are stable in the range 408-493 K. The stability range differs
for the complexes of the various rare earth elements.

When heated, the anhydrous salicylates of Y, Pr, Sm(III), Gd and Tb decompose
to Ln,O5, PrgO;; and Tb,O,, with the intermediate formation of unstable
Ln,(CsH,0COO0); and Ln,O(C¢H,OCOOQ),. Anhydrous neodymium salicylate
decomposes to Nd,O;, with the intermediate formation of unstable
Nd,(C¢H,0COO0);, and Nd,O(CsH,O0COO0), and Nd,0,CO,, whereas the
europium complexes decomposes first to Eu,0,C0;, and then to Eu,05;. On
heating, the anhydrous salicylates of the heavy lanthanides Dy, Er, Tm, Yband Lu
decompose directly to Ln,0;.

The results permit the conclusion that the temperatures of complex dehydration
and oxide formation vary periodically with increase of the atomic number of the
metal. The hydrated salicylates of the heavy lanthanides from Er to Lu are less
stable than those of the previous elements. The temperature of CeQ, formation is
the lowest, and that of La,O; formation the highest.

The dehydration process is accompanied by an endothermic effect, and the
ignition of the organic ligand by an exothermic one (Figs 1-3).

J. Thermai Anal. 34, 1988



904 BRZYSKA, KULA: RARE EARTH SALYCILATES
b)
Exo
E:o )
| DTA
l AT
AT l
| Y
\J Endo
Endo
U7G
T
0
20
“ s ol
7]
° 2
- L~ 60
£ e
[=4 =
3] [
0 L | 80 1 ! I
=8 473 673 873 1073 = 473 573 273 1073
Temperature, K Temperature ,K
Exo
T
AT
Y
Endo
"
7]
o
z
o
2 80
= L1 T
473 673 873 1073

J. Thermal Anal. 34, 1988

Temperature ,K

Fig. 3 TG, DTG and DTA curves of salicylate: a) Sm, b) Tm, <Y




905

RARE EARTH SALYCILATES

BRZYSKA, KULA

"0%1d 709D pu (W] ‘wi, ‘ig ‘O ‘AQ ‘QL ‘PO ‘Ng ‘w§ ‘PN ‘€ ‘A = u) LLO7U

§6C 170 3% $'68 L0'68 ELY-8TY 4 £6€-€6C ng
00¢  To0g £L8 S06 10'68 €982y 14 £6E-€67 qAx
062 96T £96 $'68 96'88 891801 L4 £1€-€6¢ wp
$'6C Or6C £16 $68 £6'88 £8-8TY 4 8YE-€6C i
0C€ 08°1¢ 1343 §SE  6bsE 8.8-£€8 0'L6  L6'96 tLY-8SY I 81v—€67 OH
S$1€ 08°1¢ £16 0'L6 9696 8Ly ! 8TH—£6¢ Aa
01€  or'ig 816 0'L6 V696 t6v—tLy 1 £Er-£6L qL
0'1E  16°0€ I£6 0'L6  £6'96 8L1—89Y I 1ev-€6C PD
00€ 8T0t ££6 07e  68'I¢ $68-€98 0L6 1696 E8h—¢€LY I £IY-£6T ng
$6T 80°0¢ £16 $'96 6896 cov 1 £SY-€6C wg
06T PE6T £L6 0ve  89°¢E 896-£68 $96 9896 74 1 8¥v—£67 PN
o€ £8°0¢ £86 8¥—-€6¢ id
§0E TTIE £08 8SH—£67 D
06C 16T Y411 0te  19°¢e 896-¢V8 £9-£6T L |
00T €L6l £56 088 - 1¥L8 89814 4 8YE-£6T A
punoj ‘poyes punoj -pofes punoj ‘pores
M ‘8uer ‘dway N ‘98ues dway,
(A % % N ‘ofuex "durog, u ‘O°H ¥ ‘ofuws “dway ug
Lot fF0D'0%u1 *(OODHOH D)1 O*H¥-*(OOOHOH®D)u1

azsydsownye e w sponpoid uonsodwiossp

31qess oY) pue satelAotjes apruByIUE] pue v ‘X Jo AN[IqeIs [euusy) jo sFuer samesedwa 1 7 dqeL

J. Thermal Anal. 34, 1988



906 BRZYSKA, KULA: RARE EARTH SALYCILATES

Table 3 The temperature range of formation of unstable intermediate products of Y, La and lanthanide
salicylate decomposition

Ln,[CH(0O)COO], Ln,0{C¢H,(0)COO0], Ln,04[{C¢H(0)COO0],
Ln % % " %

Temp., K ————— Temp,K ———— Temp, K ————

calcd. found caled. found caled. found
Y 583 51.20 520 - 693 40.71 420

La 573 62.34 620 733 4597 46.0

Ce 573 6243 63.0 693 46.09 450
Pr 578 6248 61.0 683 51.60 51.5
Nd 563 60.73 61.0 673 50.26 51.0
Sm i 583 61.16 61.5 673 50.79 '51.0
Gd 563 61.61 620 663 51.36  53.0
Tb 573 61.72 63.0 693 5151 525

A comparison of the stabilities of the rare earth salicylates (2-hydroxybenzoates)
with those of the 3-hydroxybenzoates reveals that the salicylates are less stable than
the 3-hydroxybenzoates [18, 19] and the rare earth oxides are formed at lower
temperatures. This is connected with the different position of the phenolic groups
with respect to the carboxylic group, the different polarisation of the ligand, and the
differences in bonding energy.
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Zusammenfassung — Die Zersetzungsreaktionsbedingungen von Y-, La- und Lanthanid-(Ce(III) bis
Lu) salizylaten wurden untersucht. Beim Erhitzen geben hydrierte Salizylate von Y und der Lanthanide
Nd bis Lu Kristallwasser in einem Schritt ab und bilden wasserfreie Salze. Die wasserfreien Komplexe
von Y, La, Ce(III), Pr, Nd, Sm, Eu(llI), Gd und Tb zersetzen sich in mehreren Schritten und bilden die
Oxide Ln, 05, CeO,, PryO, , und Tb,0,. Die wasserfreien Komplexe der iibrigen Lanthaniden zerfallen
direkt in Ln,0; Oxide.

Pesiome — V3ydeHbl YCNOBHS Da3OXKCHNA CAJHOHMANATOB MTTPHA, JAHTAHA M JIAHTAHOMAOB OT
TPeXBAJICHTHOTO liepys A0 JroTenus. [MApaThi CATHMIMIATHEIX KOMILIIEKCOB HTTPHSA H JTaHTAHOMOB OT
HEOAMMA IO JIFOTEIMS IPY HArPEBAHUH TEPAIOT KPUCTAUTH3AIMOHHYIO BOAY B OJIHY CTaIHIO, AaBas [IPH
atoM 0Oe3BoAHBIC COJH. be3BojHBIE KOMIUIEKCHI HTTPHS, JaHTaHa, TPCXBAJICHTHOIO UEPHS,
[Ipa3eoguMa, HEOOUMA, CAMAPHSl, TPEXBAJICHTHOTO EBPOIHS, T30 IMHHS ¥ TepOHsA MOCAeI0BATENBHO
pa3nararoTcs B HECKOJBKO CTaauil, xasas okucu Ln,0,, CeO,, PrsO,, u Tb,0,. Bbe3pomusie
KOMILJEKCBI OCTaBLIUXCSl TAHTAHOHOB pasaraoTcs NpsMo 1o okucedl Ln,O;.
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