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2-AMINO-4-CHLOROBENZOATES

M. Sikorska

Department of Inorganic and General Chemistry, Faculty of Chemistry, Marie Curie
Skicdowska University, 20—031 Lublin, Poland

Abstract

The 2-amino-4-chlorebenzoates of Y(III), La(lll), Pr(IIl), Sm(IIl), Gd(IIT), Dy{III}
Tm(III) and Lu(Ill} were prepared. Their general formula is Ln{CI,NIH,CICOO)+H,0. X-
ray analysis demonstrated that all the prepared complexes are isostructural. This indicates the
same mode of coordination of water and organic ligands throughout the whole series of lantha-
nide(I1D) 2-amino-4-chlerobenzeates. The dehydrations of the complexes were studied under
non-isothermal conditions in air. From the thermogravimetric data on the dehydrations, the ki-
netic models best fitting the experimental TG curves were selected. These models suggest that
the dehydration is governed by diffusion processes. Kinetic parameters such as the activation
energy and pre-exponential factor were calculated by means of the differential and integral
methods.
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Introduction

The dehydration reactions of crystal solids have been the subject of many ki-
netic studles [1-4]. The interdependence between the course of the thermal de-
hydration and the structure of the investigated compound is obvious. However, it
is impossible to predict the course of the thermal decomposition reaction on the
basis of the crystal structore,

Previous papers [35, 6] reported studies on some properties of lanthanide com-
pounds with 2-amino-4-chlorobenzoic acid. The compounds are isostructural,
with the general formuld Ln(C¢H:NH,CICOO)3-H,O. Analysis of the complexes
indicated the same mode of coordination throughout the whole series of 2-
amino-4-chlorobenzoates of the lanthanides(IIT) and it has been suggested that
the crystallization water molecule is bonded directly to the metal ion. The similar
structures and properties of the investigated compounds suggested similar ther-

mal behaviour. In the present paper, the thermal dehydrations of yttrium(III) and
some lanthanide(I1T) 2-amino-4-chlorobenzoates have been investigated. For all
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the investigated compounds, the same conditions of thermal decomposition were
applied as concerns sample mass, crystal grain size, heating rate, crucible size,
etc. In this way, an attempt was made to eliminate the influence of the experimen-
tal conditions on the thermal reactions, The differences in thermal behaviour ob-
served between the individual lanthanide complexes are then caused primarily
by differences in compound properties. The results of non-isothermal kinetic
analyses of the thermal dehydrations of the complexes are also reported.

Experimental
Materials

The preparation and properties of the 2-amino-4-chlorobenzoates of Y(III),
La(IID), Pr{III), GA(III), Dy(I1II), Tm(III} and Lu(lll) were described in a pre-
vious paper [5].

Methods

The thermal dehydrations of the complexes were studied by means of simul-
taneous TG-DTG-DTA techniques under non-isothermal conditions. The mea-
surements were made with a Paulik-Paulik-Erdey Q-1500D Derivatograph at
293-573 K, with a linear heating rate of 10 deg min™" in static air. The sample
mass was 100 mg and the sieve mesh was <0.05 mm. The DTA reference material
was o- Al,Oz. Ceramic crucibles (99 mm) were used both for the samples and for
the reference material,

Results and discussion
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lanthanides(III) lose the crystallization water molecule, with a sharp endother-
mic effect at about 470 X in the DTA curve. The dehydration is completed at
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Fig. 1 Complementary extent of reaction {1-c) as a function of temperature 7 {or the dehydra-
tien reactions of yttrium{I{I} and lanthanide(III} 2-amino-4-chlorobenzoatcs
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about 490 K. The anhydrous products were identified by elemental analysis and
IR spectroscopy. Powder diffraction analysis revealed that all the anhydrous
complexes are amorphous. Data on the dehydration process are presented in Ta-
ble 1 and the shape of the TG curves is illustrated in Fig. 1.

Table 1 Thermoanalytical results on dehydration of LnL, H,0 (L=C H NH,CICOOQ™)

Complex Temp. range of ~ Temp. of DTG Temp. of DTA Mass loss/%
dehydration/K peak/K peak/K found caled.
YL, H,0 448-496 483 483 3.00 2.91
LaL,H,0O 407-465 453 455 2.80 2.70
Pri,H,0 408-475 464 468 297 2.68
SmL, H,0 414-485 473 473 2.75 2,65
GdL,-H,0 440-482 468 473 2.54 2.60
DyL, H,0 440-490 478 483 272 2,60
TmlL,-H,0 430490 468 473 2.60 2.57
LuL,H,0 422-497 480 483 2.50 2.55

Kinetic analysis of the experimental TG curves obtained under non-isother-
mal conditions was performed by means of the differential method [7] (Eq. (1)}
and the modified Coats-Redfern integral method {7, 8] (Eq. (2))

do ‘ A E
lr{d_T}— In|flo)] = ln(-g]— 7{7]: (N
gloy|  TAR 2RT E
In{f?z }_m{BE 1= }}"WRT (2)

where o is the degree of conversion, A is the pre-exponential factor, £ is the acti-
vation energy, R is the gas constant, f3 is the heating rate, and T'is the temperature.
The o values were obtained from the ratio of the mass loss at any instant to the
total loss in mass in the plateau region at about 500 K in the TG curves. The alge-
braic expressions of the functions f{or) and g(¢) for the investigated kinetic mod-
els are presented in Table 2.

If the left side of Egs (1) or (2) is plotted against 1/7, the activation energy can
be obtained from the slope, and A from the intercept. Estimated values of £ and
A and the linear regression coefficient r are listed in Table 3. The values pre-
sented were obtained from the tested equations which best fitted the experimen-
tal TG curves,

From Table 3, it can be seen that the kinetic models selected as best fitting the
dehydrations of the complexes, were the same with the two tested methods. The
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Table 2 Kinetic equations examined

Equation type floy glce)
Based on order of reaction

F1 first-order (1—o) ~In(1—r)

F2 second-order (i-o* 1o

F3 taird-order 0.5(1-o)’ [LAT-o)?
Based on diffusion mechanism

D1 one-dimensional 12¢ o’

D2 two-dimensional (¢ 1-c)]™ {1—o0ln(1—o)+o
D3 three-dimensional ].5(1——0&)2"‘}’[1—{1—01)1/3]"1 [lf(lﬁot)m]2
D4 Ginstling-Brounshtein 1L.5[(1-) Yo (1—20!/3')—(1—05)2/3
Based on geometrical models

R2 coniracling area 2(1-00) 1-(1-cy™?
R3 contracting volume 3(1-00™* 1-(1-a}'?

activation energy values calculated for a particular model with the differential
and the integral methods are not the same, but they are close to one another. The
activation energies calculated for a particular complex with the different kinetic
models differ, in some cases significantly. For example, the activation energy ob-
tained for the Pr(TII) complex with the D3 model is twice as high as that obtained
with the R2 model (Table 3), However, the E values obtained with the diffusion
models D2, D3 and D4 for a particular complex are in good agreement. The dif-
ference does not exceed 15%.

The diffusion processes (D3, D4 or D2) seem to be the most appropriate as the
rate-controlling step. This is to be expected because the dehydrations of lantha-
nide 2-amino-4-chlorobenzoates proceed at temperatures above 400 K. At tem-
peratures higher than the boiling point of water, the rate of evaporation of water
from solid compounds is very rapid and the diffusion of water molecules through
the product layer controls the rate of reaction [91. The shapes of the (1-0) vs. T
curves (Fig. 1) are in good agreement with the theoretical curves presented by
Elder [10] for diffusion kinetic models, with E=220kJ mol™ and logA=
15.10 min™". Only the shapes of the curves obtained for the Y (I1I), Gd(IIl) and
Tm{IIl) complexes are a little different, and this finds expression in the kinetic
results (Table 3). However, in these cases the diffusion model D3 is suitable, too.

The activation energy values calculated on the basis of the diffusion equations
are high (140-280 kJ moi ™). This fact, the high temperatures of dehydration and
the shapes of the DTA curves (the sharp endothermic effect in the dehydration
temperature range} {Table 1) confirm the assumption that the water molecule in
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the complexes is strongly bonded in the inner coordination sphere, in a hydro-
gen-bonding system.

The kinetic parameters of the dehydrations depend on many structural fac-
tors, e.g. the lengths of the metal-oxygen bonds, that undergo splitting the sys-
tem of intra- and intermolecular hydrogen-bonds, the lattice energy, ete. [11, 12].
In general, the differences between the reactant and the product of the dehydra-
tion have the most important effect on the activation parameter value. In conclu-
sion, the similar structures of the studied complexes are reflected by the similar
mechanisms of dehydration. However, the activation energy values for the indi-
vidual compounds differ significantly. This confirms earlier observations that it
is impossible to estimate the values of kinetic parameters on the basis of the
structure of the complex.
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