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SYNTHESIS AND INVESTIGATION
OF SOME RARE EARTHS(IIT) ANTHRANILATES

Abstract: The rare earths(III) anthranilates were obtained as crystal
products, from an aqueous mixture of sodium anthranilate and rare earth(III)
sulphate in molar ratio 6 : 1 at pH 6.5. After filtration, the crystal products
were dried on air and investigated by the methods of X-ray powder diffraction,
IR spectroscopy, thermal analysis and elemental analysis. The results of the
thermal and elemental analysis showed that the compounds obtained have the
general formula Ln(C{H,NH,COO); - H,0 (where Ln = Y, Gd, Dy, Ho, Er).
Also, from the X-ray powder diffraction patterns and the IR spectra, it can be
concluded that the compounds obtained are isomorphous.

Introduction

Recently, great interest has been shown in the synthesis and the inve-
stigation of the physico-chemical properties of rare earths complexes with
organic acids. Anthranilic acid, an important precursor of the aminoacid
triptophan, because of its formation of stable, very sparingly soluble com-
plexes with di- and trivalent metal ions, appears as an important reagent in
analytical chemistry.

A survey of the literature shows that there are some data on anthrani-
late and p-aminobenzoate of Sc [1]. It was found that their empirical for-
mulae are ScR; and ScOHR, - H,0 respectively (R = organic acid anion).

Thermal decomposition of the complexes of Sc with some m-derivati-
ves of benzoic acid and m-aminobenzoic acid with the empirical formula
Sc[NH,C,H,COO]; has been investigated by Brzyska et al. [2]. It was
found that m-aminobenzoate of Sc decomposes in one step from 320 to 810
°C. Recently, Rzaczynska Z. and Brzyska W. have presented the results of
the synthesis, thermal behavior and IR spectra of the complexes of Y, La
and other lanthanides with m-aminobenzoic acid [3].

The synthesis of p-aminobenzoates of rare earths, with the empirical
formula Ln(CH,NH,COO); - nH,0, their IR spectra and thermal behav-
ior, have been investigated by Efremova et al. in order to determine their
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structure [4]. They have found two types of compounds: one from La to
Eu with n = 1 and another from Gd to Lu, with n = 2.

The thermodynamic parameters for Eu(III) and La, Sm, Dy, Ho, Er,
Yb and Lu as monoanthranilate complexes and a discussion of the role of
amino group are reported [5].

Carasev et al. [6] have investigated the complexes of Tb with anthra-
nilic acid and some neutral ligands (pyridine, dimethylpyridine, dimethyl-
formamide, dimethylsulphoxide). By X-ray diffraction and luminiscence
analysis they have found a difference in the structure of the complexes of
the types: Tb(Ant); - H,O and Tb(Ant); - H,O-D (D = neutral ligand,
Ant = anthranilate anion). _

Stability constants of some lanthanides and actinide ions with anthra-
nilic acid are given by Majid Yehya A. et al. [7]. Anthranilates of some
lanthanides with the general formula Ln(C,H,NH,COO), - nH,O where
n=0 for Ln =La, Ce, Pr, Nd, Sm; n =1 for Ln = Eu and Gd, and
n =2 for Ln =Y are obtained by the reaction of Ln(III) hydroxide and
anthranilic acid [8]. These compounds are examined by IR-spectroscopy,
X-ray powder diffraction and derivatographic measurements. On the basis
of the X-ray powder diffraction patterns the authors have discovered that
rare earths(III) anthranilates are isostructural in the groups: La-Sm and
Eu, Gd and Y.

Continuing our work on the salts of rare earths, in this work we have
presented the results of the synthesis, thermal behavior, IR spectra and
X-ray powder diffraction patterns of some rare earths(IIl) anthranilates for
which we have not found any evidence in the literature about the synthesis
and investigation in the solid state.

Experimental

Materials

Rare earths sulfates were used as starting compounds. A solution of
sodium anthranilate was used, obtained by neutralization of anthranilic acid
with an aqueous solution of sodium hydroxide to pH = 6.5.

Procedure

Rare earths(III) anthranilates were obtained as crystal products from
a concentrated mixture of sodium anthranilate and rare earth(IIl) sulfate
in the molar ratio of 6 : 1. After filtration, the crystal products were dried
on air and examined by the methods of X-ray powder diffraction, IR spec-
troscopy, TG and DTA, and elemental analysis. i

Methods

The thermoanalytical curves were obtained on thermoanalyser
NETZSCH SPA409 in a flow of dry air. Experimental conditions: sample
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mass about 100 mg, reference substance for DTA determinations a-AL,Oj;
TG macrosamples holder with Pt-crucibles; heating rate 5 °C/min; tempera-
ture range from 20-800 °C; flow velocity 5 Vh.

For X-ray powder diffraction patterns JEOL X-ray diffractometer was
used with Cu, -radiation, Ni filterred.

IR spectra were done on PERKIN-ELMER 520 IR spectrophotome-
ter in KBr pellets. ; :

Elemental analysis of C and H was carried out by Liebigs methods
on CARBON-HYDROGEN ANALYZER COLEMAN MODEL 33, and
N by Dumas method.

Results and discussion

The anthranilates of La, Ce, Pr, Nd, Sm, Gd, Dy, Ho, Er and Y
were synthesized by the method described in the experimental part. On
the basis of the IR spectra and the X-ray powder diffraction patterns, as
well as from the results of the elemental analysis, it was found that the
anthranilates of La, Ce, Pr, Nd, Sm, Gd are identical with those presented
by Brzyska et al. [8]. Since we have found no evidence about anthranilates
of Dy, Ho and Er and because for Y anthranilate we have established
monohydrate, only the results of the investigations of these anthranilates
are presented. For comparison, the results of Gd anthranilate are given, as
well.

Table I
The results of the elemental and thermal analysis of
Ln(C,H,NH,COO), - H,0
Ln(CH,NH,COO), - H,0 %H,O %C %N %H
oy theor. 3.50 48.95 8.15 3.91
Mr = 515.31 exper. 2.94 49.54 7.62 421
Gd theor. 3.08 4321 7.20 3.45
Mr = 583.65 exper. 3.28 44.12 6.42 3.55
Dy theor. 3.06 42.83 7.13 3.42
Mr = 588.91 exper. 2.93 42.79 6.53 4.04
Ho - theor. 3.05 42.65 7.11 3.41
Mr = 591.34 exper. 3.16 42.76 6.76 3.70
Er theor. 3.03 42.49 7.07 3.40
Mr = 593.67 exper. 3.41 42.45 6.22 3.42

* Y was determined gravimetrically (theoretical value 17.18%, experimental, 17.52%).
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The results of the elemental and thermal analysis (Table I), as well as
the X-ray powder diffraction patterns (Fig. 1), show that the obtained an-
thranilates of Y, Gd, Dy, Ho and Er, have the empirical formula
Ln(C6H4NH2COO)3 . nH:O.

These results are in agreement with the results for Eu and Gd anthra-
nilates given by Brzyska et al. [8], but not for Y-anthranilate. Namely,
from the X-ray powder diffraction patterns (Fig. 1) it is clearly evident that
all compounds are isomorphous. Also, the TG analysis for mass losses in
the first stage of dehydration process (Fig. 2) shows that there is only one
water molecule in the formula unit.

ibiGimiorn
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Fig. 1 - X-ray powder diffraction patterns
of Ln(CH,NH,COO), - H,O
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Fig. 2 - TG and DTA curves of Ln(C¢H,NH,COO); - H,O

Thermal decomposition of the rare earth(IIT) anthranilates monohy-
drates takes place in two clearly separated stages (Fig. 2). In the first
stage, a dehydration process appears at a temperature higher than 120 °C.
So, on the DTA curve, an endothermic peak at 160 °C for Gd and Ho
compounds, at 150 °Cfor Dy an Y compounds and at 140 °C for Er com-
pound can be seen.

The second stage, which is connected with the thermal decomposition
of the anhydrous salts, begins at a temperature higher than 300°C. This
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process is very complex and is connected with exothermic effects (DTA
curve). Since it is not finished at 800°C, we supposed, on the basis of
earlier investigations [2, 8], that the final product would be Ln,O;. The
results of the dehydration, as well as the results of the elemental analysis,
are given in Table L.

In order to obtain some structural data, IR spectra of the obtained
compounds were recorded (Fig. 3) and were compared with the IR spectra
of the pure anthranilic acid and also with the IR spectra of Eu- and Gd
anthranilates [8] which belong to the same isomorphous group.
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Fig. 3 - IR spectra of Ln(C;H,NH,COO), - H;O
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From the IR spectra it can be seen that v,,(COO") absorption appears
at 1508 cm™ and ,(COO~) at about 1395 cm™ as strong bands. v, (NH,)
appears at about 1610 cm™ as a strong band. The shifted NH,- and COO-vi-
brations compared with the same vibrations in pure anthranilic acid
(v (NH;) at 3470 cm™, 3(NH,) at 1610, v,(C = 0) at 1670 cm™., v, (COO")
at 1585 and v,(COO") at 1420 cm™) indicated that rare earth(III) is probab-
ly simultaneously coordinated through amino and carboxilic groups and
that the carboxilate ion is a bidentate ligand. In the spectra of the obtained
compounds the band due to C =0 vibration at 1680 cm™ disappears.
v(OH) can be found at 3480 cm™ as weak and 8(OH) as a shoulder at 1680
cm™. From these results it is evident that coordination number of rare
earth(III) is 9 which is not unusual for rare earths complexes [9]. All these
findings are in agreement with those of the earlier workers [8] .

The financial support of the Research Council of Macedonia is grate-
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B. JOPHTAHOBCKA n C. AIEKCOBCKA

CUHTE3A U UCIIUTYBAE HA AHTPAHUJIATY HA HEKOM PETKY 3EMIU

(Pe3ume)

AHTparmsaTHTe HAa HeKOW JaHTaHuAy 6ea AOGMeHM Of CMeca Ha BOXEHM pacTBopy
HA HATPUyM AHTPAHWJAT ¥ CyncaT Ha COORBETHMOT JAHTAHWUA. M3zABOeHMTe KpMCTaMM
Gea cymeny Ha BO3AYX, a NOTOA MCIMTYBAHM CO METOMTE HA PEHATEHCKA TIPAIIKOBHA
Andpaxmyja, TepMudKa aHamM3a, MHOpPAUPBEHa CIIEKTPOCKOMMja U eJieMeHTapHa aHa-
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sm3a. PeaynTaTuTe Of TepMMYKaTa ¥ eJeMEHTapHaTa aHaJM3a IoKaxaa jieka Jobuennre
coeauHenyuja umaar emrmmpucka gopmyna Ln(CH,NH,COO); - H,O (xage Ln = Y, Gd,
Dy, Ho, Er). Ox peHzireHCKMTE IPAILKOBHM AMMPAKTOIPaMM, KaKO U OF MH(QPALPBEHNTE
CIEKTPY, MOXe Zia ce 3aKJyuy AeKa RobueHuTe coeayHennja ce MefycebHo n3oMopdHN.
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