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Abstract

The physico-chemical properties and thermal stabilities in air of rare carth element 4-
chloro-3-nitrobenzoates and 5-chloro-2-nitrobenzoates were compared and the influence of
the positions of the Cl and NO, substituents on their thermal stabilitics was investigated. The
complexes of both series are crystalline, hydrated or anhydrous salts with colours typical of

Ln*". The carboxylate group in these complexes is a bidentate, chelating ligand. The NO,
group in the chloronitro complexes does not undergo isomerization. The thermal stabilities of
the 4-chlore-3-nitrobenzoates of Y and the lanthanides were studied in the temperature range
2731173 K, but those of the 5-chloro-2-nitrobenzoates of these elements were studied onty
at 273-523 K, because they decompose explosively above 523 K. The positions of the Cl and
NO, substituents on the benzene ring influence the thermal propertics of the complexes and
their decomposition mechanisms. The different thermal stabilities of the complexes are con-
nected with various inductive and mesomeric effects of the CI and NO, substituents on the
electron density in the benzene ring,

Keywords: chloro-nitrobenzoates of rare earth elements, lanthanides, rare earth elements, ther-
mal stability of complexes

Introduction

4-Chloro-3-nitrobenzoic and 5-chloro-2-nitrobenzoic acids are white, crys-
talline solids, sparingly soluble in cold water {1, 2] The salts of 4-chloro-3-ni-
trobenzoic acid with Na*, Ag™ Mg®*, Ca®> and Ba’* have been obtained in the
solid state [1]. The salts 0f5 chloro-2-nitrobenzoic acid with K*, Pb™, Ca*" and
Ba®" have been obtained as solids [2].

The literature contains no information on the salts of these acids with Y and
lanthanide elements. We therefore decided to obtain these as solids and to exam-
ine some of their physico-chemical properties with special regard to their ther-
mal stability in air. In previous papers, we presented experimental data on these
complexes [3, 4]. Taking into account the various positions of the Cl and NO;
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groups on the benzene ring, we decided to compare the thermal propertics of the
4-chloro-3-nitrobenzoates and the 5-chloro-2-nitrobenzoates of rare earth ele-
ments in order to investigate the influence of the positions of these substituents
on the physico-chemical properties of the complexes.

Experimental

4-Chloro-3-nitrobenzoates and 5-chloro-2-nitrobenzoates of Y and lantha-
nides were prepared by adding equivalent quantities of 0.1 M ammonium 4-
chloro-3-nitrobenzoate or ammonium 5-chloro-2-nitrobenzoate (pH~5) to a hot
solution containing the rare earth element nitrate {in the case of 4-chloro-3-ni-
trobenzoates) or chloride (in the case of 5-chloro-2-nitrobenzoates) and crystal-
lizing at 293 K. The solids formed were filtered off, washed with hot water to re-
move ammonium ions and dried at 303 K to constant mass. The contents of car-
bon, hydrogen and nitrogen were determined by elemental analysis with V,Os as
oxidizing agent, and the contents of chlorine by the Schéniger method. The con-
tents of rare earth elements were established by the oxalic acid method. The IR
spectra of the prepared complexes, 4-chloro-3-nitrobenzoic acid, 5-chlero-2-ni-
trobenzoic acid, the sodium salts of these acids and sodium nitrite were recorded
in KBr discs on an M-80 spectrophotometer (Carl-Zeiss, Jena) in the range
4000400 cm™ (Table 1). The X-ray diffraction patterns were taken on a

DRON-2 diffractometer, using Ni-filtered CuK, radiation. The measurements
were made within the rance 20= A....Qﬂ hy meanc af the Nahva_Qrharrar 1]

wade within the range 20=4 by means of the Debye-Scherrer-Hull
method in order to investigate their external crystalline form. The thermal sta-
bilities of the 5-chloro-2-nitrobenzoates and 4-chloro-3-nitrobenzoates of the
rare earth elements were determined in air by the use of TG, DTG and DTA tech-
niques. The measurements of the thermal stabilities of the 4-chloro-3-nitroben-
zoates of Y and the lanthanides were made on an OD-102 Derivatograph at a
heating rate of 10 K min~’, The samples were heated in air in the temperature
range 273-1173 K at the following sensitivities: TG - 100 mg, DTA — 1/10, DTG
— 1/5. The measurements on the S-chloro-2-nitrobenzoates of the rare earth ele-
ments were made with a Q-1500D Derivatograph (MOM, Budapest, Hungary) at
a heating rate of 2.5 K min™'. The samples were heated only, in the temperature
range 273-523 K at the sensitivities TG — 50 mg, DTG — 200, DTA - 200 (the re-
sults were recorded via use of the countershaft of an A/C converter manufactured
by Medson). From the preliminary investigations relating to the conditions of the
thermal decompositions of these complexes, it appears that, irrespective of
changes in the experimental parameters, the 5-chloro-2-nitrobenzoates of the
rare earth elements are stable up to 523 K, after which they decompose explo-
sively, whereas the 4-chloro-3-nitrobenzoates do not behave similarly.

The results obtained are presented in Tables 2 and 3 in Figs 1 and 2,
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Fig. 1 TG, DTG and DTA curves of 4-chloro-3-nitrobenzoates of Ho
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Fig. 2 Variation in initial dehydration temperatures of 4-chloro-3-nitrobenzoates and
5-chloro-2-nitrobenzoates of rare earth elements and Y

The 4-chloro-3-nitrobenzoates and 5-chloro-2-nitrobenzoates of the rare earth
elements are crystalline compounds with a metal to ligand ratio of 1:3. The 4-
chloro 3-nitrobenzoates form dihydrates of general formula Ln(CsH;NQ,Cl)3-

H>O [3], whereas the 5-chlore-2-nitrobenzoates of these elements are anhy-
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trobenzoates of the rare earth elements are typical of Ln’*. The compositions of
the complexes were established on the basis of elemental analyses and IR spec-
tral data [3, 4]. They were found to be crystalline compounds characterized by
low symmetry, a large unit cell and different structures, but their structures were
not determined since no single-crystals of these complexes were obtained. In the
series of light lanthanide 4-chloro-3-nitrobenzoates, the complexes of Sm, Fu
and Gd seem to be isostructural [3, 4].

On the basis of the displacements of the absorption bands of the carboxylate
asymmetric and symmetric vibrations of the investigated complexes in compari-
son with those of the sodium salts of the corresponding acids, the carboxylate ion
appears to behave as a bidentate chelating ligand [3—6]. The Vucoo™ bands are
shifted to lower frequencies, whereas the vscoo bands are shifted to higher fre-
quencies as compared to those of the sodium salts (Table 1). The IR spectral
analysis indicates that the positions of the Vicoo and vicoo™ bands change, de-
pending on the positions of the Cl and NO; groups on the benzene ring and their
different inductive and mesomeric effects on the electron density in the aromatic
system. The IR spectral analysis of the complexes and sodium nitrite reveals that
the NQ, group does not undergo isomerization during the preparation of the com-
plexes or under the influence of sunlight or on the increase of temperature during
their dehydration [3, 4, 7-9]. A survey of the literature demonstrates that, under
the influence of sunlight or on increase of the temperature, the transformation of
nitro complexes to nitrito complexes may proceed [7, 8]. It has been found that
isomerization of that nitro group may accompany the process of complex dehy-
dration or be connected with the transformation in its inner sphere [9]. The nitrite
ion may bond as a monodentate ligand either through a nitrogen atom, forming a
nitro complex, or through one of the oxygen atoms, yielding a nitrito complex.
The general effect of coordination via nitrogen is to raise the frequencies of both
Vil NO32) and v{(NO,) from the free ion values of ~1328 and -1260 cm™ [9]. The
results obtained show that the solid 5-chloro-2-nitrobenzoates and 4-chloro-3-
nitrobenzoates of the rare earth elements form nitro complexes; in the IR spectra
of the complexes, the v, NO;) and v{(NQ,) absorption bands at 1540-1530 and
1360-1350 cm ', respectively, are displaced to higher frequencies relative to
those for the free NO; ion. In the IR spectra of these complexes, no bands are ob-
served that would confirm isomerization of the nitro group to result in bonding
through the oxygen atom [3, 4, 7-G].

The thermal stabilities of the 4-chloro-3-nitrobenzoates of Y and the lantha-
nides were studied in the temperature range 273—1173 K, whereas the 5-chloro-
2-nitrobenzoates of these elements were studied only in the interval 273-523 K:
above 523 K, similarly to the 2-nitrobenzoates and 3-nitrobenzoates of these ele-
ments, they decompose explosively [10, 11]. In contrast, the 3-chlorobenzoates
of the rare earth elements do not display such properties [12].

I Therm. Anal. Cal, 55, 1999
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The 4-chloro-3-nitrobenzoates of Y and the lanthanides do not decompose ex-
plosively. Therefore, it is possible to conclude that the positions of the substi-
tuents on the benzene ring determine the thermal stabilities of the complexes;
this is strongly connected with the various inductive and mesomeric effects of
the substituents on the electron density of the system. The influence of the sub-
stitnents on the reactions of aromatic compounds is described by Hammett’s con-
stant 8, whose value depends on the substituent character and its position on the
aromatic ting. The greater its value, the stronger electrons are attracted by the
given substituent. The values of & for the NO; and CI groups are 8,=+0.373 and
8,=+0.227 for Cl, and 8,=+0.712 and 8,=+0.778 for NO, [13, 14].

In the 4-chloro-3-nitrobenzoates, the presence of the Cl substituent in the
para position stabilizes the aromatic ring since the inductive effect of the Cl sub-
stituent tncreases the electron density in the benzene ring. In the case of the 5-
chloro-2-nitrobenzoates of the rare carth elements, the presence of the NO;
group in the ortho position does not stabilize the system because of the steric ef-
fect [13, 14] and the most important is the inductive effect caused by the Cl sub-
stituent.

All these complexes of Y and the lanthanides are stable in air at room tem-
perature and do not undergo mass change during storage. The thermal analysis
results reveal that the 5-chloro-2-nitrobenzoates of La—Nd are anhydrous com-
plexes, those of Y, Sm—Gd and Tm—Lu are monohydrates, and those of Dy—Er are
dihydrates (Table 2). The hydrated 5-chloro-2-nitrobenzoates of the rare earth
elements lose the crystallization water molecules in one step in the temperature
range 411-520 K. The monohydrates of the 5-chloro-2-nitrobenzoates of Y,
Sm-Gd and Tm—Lu lose one water molecule in the range 411-520 K;; the dihy-
drates of Tb, Dy and Ho lose two water molecules in the range 434-507 K. The
dihydrated 4-chloro-3-nitrobenzoates of Y and the lanthanides also lose the crys-
tallization water in one step in the temperature range 363573 K and form anhy-
drous complexes, which in the range 613—-1128 K decompose to Ln,Os through
the intermediate formation of LnOC! (Table 3, Fig. 1). The loss of crystallization
water molecules in both series of the complexes is connected with the endother-
mic effects in the DTA curves [15-17]. The temperatures of initial dehydration
of the 4-chlorp-3-nitrobenzoates of the rare earth elements (363388 K} are
lower than those of the 5-chloro-2-nitrobenzoates (411-501 K) (Fig. 2). The
higher thermal stabilities of the 5-chioro-2-nitrobenzoates result mainly from
the presence of the CI substituent in the meta position on the benzene ring. The
hydrated rare earth element 5-chloro-2-nitrobenzoates have vartous stabilities
(Table 2), which change regularly from Sm te Yb with decreasing ionic radius.
The temperature of initial dehydration is lowest for the Yb complex (411 K) and
highest for the Sm complex (501 K). In the case of the 5-chloro-2-nitrobenzoates
the water molecule is the most weakly bound, while the most strongly bound is
that in the Sm salt. For the 4-chloro-3-nitrobenzoates of Y and the lanthanides,

J. Therm. Anal. Cal,, 55, 1999
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the temperature of initial dehydration is lowest for the Lu complex (363 K) and
highest for the Gd complex (388 K). In the temperature range 403763 K, the TG
curves attain a constant level, which is indicative of anhydrous complex forma-
tion. The anhydrous complexes decompose in the range 613—1128 K. The TG
curves again attain a constant level at 9281253 K. This corresponds to the for-
mation of lanthanide oxide, the ultimate product of decomposition. The tempera-
tures of oxide formation do not vary regularly with increasing atomic number of
the elements: they are higher for the heavy lanthanides than for the light ones,
which is probably connected with the lanthanide contraction. The thermal de-
compositions of the rare earth element 4-chloro-3-nitrobenzoates may be pre-
sented as follows:

1.nL32H,0 — Lnls; = LnOC! — Lna03  (for La=la, Nd-Gd, Dy-Lu, Y)
or

— TbyO7, PrgOy1, CeQy (for Th, Pr, Ce),

where L=C;H,NO,C!

The comparison of thermal stability data obtained under different experimen-
tal conditions for the two series of rare earth element chloronitrobenzoates indi-
cates that the various positions of the Cl and NO; substituents on the benzene
ring may influence the thermal properties of complex decompesition. The vari-
ous mesomeric and inductive effects of these substituents on the electron density
in the benzene ring lead to the 5-chloro-2-nitrobenzoates being stable only up to
523 K, after which they decompose explosively, whereas the 4-chloro-3-nitro-
benzoates do not exhibit such properties.
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