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Cobalt(II) and nickel(II) complexes of a new Schiff base, acetylacetone-
aminofluorene [LH] have been synthesized. On the basis of spectral, mag-
netic and thermal data, octahedral structure was assigned to both complexes
[ML,(H20)2]. Thermal decomposition of these complexes was studied by TG.
Kinetic parameters, viz. activation energy, E, pre-exponential factor, A, and
order of reaction, n, were calculated from the TG curves using mechanistic
and non-mechanistic integral equations.

Transition metal complexes of Schiff bases have important technical applications.
Some workers'-” have studied thermal stabilities of metal chelates with azomethine
ligands. In continuation of our work®-!! on thermal decomposition kinetics of metal
chelates, we report here the preparation, characterization and thermoanalytical data
of cobalt(Il) and nickel(Il) complexes of a novel Schiff base, acetylacetoneaminoflu-
orene. Interpretation and mathematical analysis of the data and evaluation of the
order of reaction and energy and entropy of activation, based on the integral method

Figure 1.
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using Coats-Redfern equation!? and the approximation method using Horowitz-Metzger
equation,!® are given. Mechanistic integral equations!%!® are also used for evaluating
kinetics and mechanism.

EXPERIMENTAL

Metal complexes of acetylacetoneaminofluorene [LH] were prepared by refluxing
1 M methanolic solution of the metal chloride and 2 M methanolic solution of the
ligand and 1.5 g of sodium acetate for one hour. Precipitates were filtered off, washed
with an ethanolic solution of the reagent and dried in a vacuum desicator. The purity
of the samples was checked by elemental analysis for the metal and C, H, N analyses
and spectral and thermal studies.

Instrumental

Infrared spectra were recorded using a Perkin-Elmer Model 283 infrared spectro-
photometer. Thermal studies were carried out using a Perkin Elmer 7 series thermal
analysis system. A constant heating rate of 10 °C min-! and sample mass ~5 mg were
employed for the entire study. Computational work was done with a Horizon III mini
computer using the programming language FORTRAN.

Data Processing

Instrumental TG curves were redrawn as mass vs. temperature (TG) curves and
also as the rate of loss of mass vs, temperature curve. The decomposition temperature
ranges in DTG for the metal chelates are presented in Table I. The curves for Co(II)
and Ni(II) complexes exhibited a three stage decomposition pattern. Thermograms are
represented in Figures 2 and 3. Mechanistic and non-mechanistic methods were used
to determine kinetic data from TG curves.

Thermal Decomposition Kinetics

Kinetic parameters, viz. activation energy E, pre-exponential factor A, and order para-
meter n, for the thermal decomposition of the Co(Il) and Ni(II) complexes were deter-
mined from the TG data. Fractional decomposition, «, for respective temperatures,
was calculated from TG curves.

TABLE I

Thermal decomposition data

Peak Temp. Loss of mass %
Substance temp. in ranges in
DTG °C DTG °C From TG Theoretical Pyrolysis Probable assignments

[CoL2(H20)2]

I Stage 120 50 - 130 55 58 Loss of H20

II Stage 190 130 - 250 27 27.1 Loss of acetylacetone
III Stage 380 250 - 420 545 54.4 874 Loss of aminofluorene
[NiL2(H20)2]

I Stage (a & b) 100, 150 75 - 175 6 5.8 Loss of H20

IT Stage 220 175 - 280 27 27.15 Loss of acetylacetone

III Stage (a & b) 310, 460 280 - 480 55.2 55.27 88.5 Loss of aminofluorene
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Figure 2. TG and DTG of [CoLy(H30,].
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Figure 3. TG and DTG of [NiLy(H20)2].

Determination of the mechanism of reactions from non-isothermal methods has
been discussed by Sestak and Berggren and Satava.!%!5 The procedure is based on the
assumption that the non-isothermal reaction proceeds isothermally in an infinitesimal
time interval, so that the rate can be expressed by an Arrhenius-type equation

de«

o = Aexp (-E/RT) f(x) (1

where A is the pre-exponential factor, ¢ is the time and f(«) depends on the mechanism
of the process.
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For a linear heating rate, ®, dT//dt = ® and substitution into Eq. (1) gives
T
do A
T [ % exp (-E/RT) 4T @)
0

Integration of the left-hand side of Eq. (2) gives

T

ffi_ = g(«) = [ & exp (~E/RT)dT 3)
0 0

where g(«) is the integrated form of f(x). A series of f(«) forms is proposed, and the
mechanism is obtained from the one that gives the best representation of the ex-
perimental data. Nine probable reaction mechanisms are given by Sataval!® (Table II).
To determine kinetic parameters from the mechanistic equations, the right-hand side
of Eq. (3), the temperature integral which is an incomplete gamma function, was used
in the form given by Coats and Redfern, which produces one of the best solutions and
is recommended by several authors.16:17

TABLE II

Kinetic equations

Function Equation Rate-controlling process

D, x2 =Kt One-dimensional diffusion

D, (1-ox)In(l- )+ <« =Kt Two-dimensional diffusion, cylindrical symmetry

Ds [1= (1 - «)V3]2 = Kt Three-dim.ensional dﬁfugion, spherical
symmetry: Jander equation

Three-dimensional diffusion, spherical
—_— - -~ 2 = t
Da A S8E <) -l =g K symmetry: Ginstling-Brounshtein equation

Fomd-w R G Tt iR e

Ay -In (1 - o:)l/2 =Kt Random nucleation; Avrami equation I

Az -In (1 - «)I/3 =Kt Random nucleation; Avrami equation II

Ry 1-(1-x)2=Kt Phase boundary reaction, cylindrical symmetry
R3 1-(1-x)/3=Kt Phase boundary reaction; spherical symmetry

The general form of the equation used is

g(=) AR 5 Be
Iner == on @

Along with the mechanistic equations, two non-mechanistic methods suggested by
Coats and Redfern and Horowitz and Metzger were also used for comparison. The
reaction order can easily be estimated by comparing the values using n = 0.33, 0.5,
0.66 and 1 in equations
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1-(1-o)!"/1-n)T? wvs. 1/Tforn =1 5)

log [[log 1 - x)] /T2 wvs. 1/Tforn =1 (6)

Coats-Redfern equation

1-(1-x)'".  TAR @=2RT)] - E
o[ g

(1 — n)T2 DE RT 0

Horowitz-Metzger equation

1-(1-x)] ART? E _E®
ln[ (1-n) ]_m ®E _RT, ' RTZ ®)

where ® = T - T,. From the slope and intercept, E, A and AS were calculated.

RESULTS AND DISCUSSION

The structure of the two complexes was found to be [MLy(H;0),]. Analytical, molar
conductance and magnetic data are presented in Table IIL. The complexes exhibit molar
conductance in the range 1-10 ohm™! mol-! cm? in nitrobenzene. The magnetic and
electronic spectral data are also consistent with an octahedral structure in both com-
plexes.

The IR spectrum of the ligand shows a band of medium intensity at about 1610
cm~!, which may be attributed to ¥vC=N of Schiff base.!8 This band shifts to lower fre-
quencies at 1600 cm™! in the complexes indicating a reduction of electron density in the

TABLE III
Analytical Data and Characteristics of [CoLy(H20)s] and [NiLs(H50)o]

Magnetic Molar conductance
Pulisance Mx Uo % N susceptibility B.M. ohm-1 mol-! cm?
[Col;(H 00l 940 16042 b7 <440 5.2 8
(9.52) (69.79) (5.82) (4.52)
[NiLy(H;0)] 9.36 69.78 580  4.48 3.61 5

(9.48) (69.82) (5.82) (4.52)

Hy0

Figure 4. M = Co(I) or Ni(II).
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azomethine linkage as the nitrogen coordinates to the metal ion.!® The C-O stretch
at ~1280 cm™! is redshifted to ~1250 cm-!, which is an evidence of the participation
of phenolic ~-OH in complexation.?.

In both complexes, the presence of coordinated water is confirmed by the obser-
vation of a broad band at 3300 cm~!. However, conclusive evidence regarding the bond-
ing of nitrogen and oxygen was provided by the occurrence of YM-N and vM-O in the
460-560 cm™! and 350400 cm™! regions, respectively, in the metal complexes.?! The
IR data suggest that the ligand behaves as a bidentate chelating agent coordinating
through enolic oxygen and azomethine nitrogen. Its probable structure is shown in
Figure 4.

The decomposition temperature ranges for the metal chelates are given in Table
I. Data from independent pyrolytic experiments are also included in this table. The
kinetic parameters calculated from the nine mechanistic equations are given in Table
IV. The corresponding values of E, A and r from non-mechanistic equations (Coats-
Redfern, Horowitz-Metzger) are given in Table V.

The activation energies obtained in the present complexes are comparable to those
of the coordination compounds of 3d transition metals having similar structure. In
both complexes 2H,0 molecules are lost around 130-150 °C. According to Nikolaev et
al.,”> water eliminated at this temperature can be considered as coordinated water.

Decomposition Kinetics

From Tables IV and V it can be seen that more than one equation gives good
linear curves with high values of correlation coefficients, so it may become difficult to
assign the reaction mechanisms unequivocally from the linearity of the curve alone.
In such cases, some authors have chosen the function f(«), which gives kinetic para-
meters in agreement with those obtained by the numerical method. In the present

TABLE V
Substance Coats-Redfern Horowitz-Metzger n
[COLz(H20)2]
E (kJ mol-1) 48.8698 60.2676
A (S 1.620 x 103 3.5124 x 104
e AS (J mol-'K-1)  _187.284 ~161.6851 1
r 0.9829 0.9836
E (kJ mol-1) 58.4865 70.5551
A (S 1.3772 x 104 1.447 x 103
T Singe AS (J mol-IK-1)  -172.3389 ~191.0833 1/3
r 0.9972 0.9965
[NiLy(H20),]
E (kJ mol-1) 121.1215 123.7760
II Stage A (S 2.2887 x 1010 1.3025 x 101! 1
g AS (J mol-1K-1) ~50.8142 _36.3448
r 0.9738 0.9698
E (kJ mol-1) 46.2638 68.1434
A (S 2.4252 x 105 1.81 x 102
e AS (J mol-1K-1) ~149.3495 -209.3458 E
r 0.9439 0.9326
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case, it is observed that for the second stage of Co(II) complex and for the second and
third stages of Ni(II) complex, the F; mechanism based on Mampel model equation
gives the highest correlation. For the third stage of decomposition of Co(Il) complex,
the R, mechanism based on phase boundary reaction, cylindrical symmetry gives values
that agree with E and A values obtained from the Coats-Redfern equation.
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SAZETAK

Fizikalno-kemijska istrazZivanja i kinetika termalnog raspada
acetilacetonaminofluorenskih kompleksa kobalta(II) i nikla(II)

N. L. Mary i G. Parameswaran

Pripremljeni su kompleksi kobalta(II) i nikla(II) s novom Schiffovom bazom, acetilacetona-
minofluorenom (LH). Na temelju spektralnih, magnetskih i termi¢kih podataka za oba komplek-
sa, MLz (H20),, pretpostavljena je oktaedarska struktura. Termalni raspad kompleksa istrazivan
je TG metodom, a iz TG krivulja izradunani su kineti¢ki parametri: energija aktiviranja, pred-
eksponencijalni faktor i red reakcije.
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