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Abstract

Cobalt(II), nickel(IT}, copper(1I) and zinc(I[) complexes of two new Schift-bases, citronel-
lal anthranilic acid and citronellal-5-bromoanthranilic acid have been synthesized. On the ba-
sis of spectral, magnetic and thermal data, octahedral structure was assigned to all complexes
[ML,(H,0),}. Thermal decomposition of these complexes was studied by TG. Kinetic parame-
ters, viz activation energy, E, pre-exponential factor, A, and order of reaction, n, were calcu-
lated from the TG curves using mechanistic and non-mechanistic integral equations.

Keywords: kinetics, Schiff-bases

Introduction

Transition metal complexes of Schiff-bases have important technical applica-
tions. Some workers [ 1-7] have studied thermal stabilities of metal chelates with
azomethine ligands. In continuation of our work [8—11] on thermal decomposi-
tion kinetics of metal chelates, we report here the preparation, characterisation
and thermoanalytical data of cobalt(Il), nickel(IT), copper(Il) and zinc(IT) com-
plexes of two novel Schiff-bases, citronellal anthranilic acid and citronellal-5-
bromoanthranilic acid. Non-isothermal methods have been widely used to study
the kinetics and mechanism of thermal decomposition of solids [12-14]. This
study therefore attempts to establish the mechanism of decomposition of some
selected transition metal complexes of citronellal anthranilic acid and its 5-
bromo derivative from TG experiments. A comparison of the energy of activa-
tion, entropy and relative thermal stability of these complexes has also been
made.

14182874799/ % 5.00 Akadémiai Kiado, Budapest
© 1999 Akadémiai Kiadd, Budapest Kluwer Academic Publishers, Dovrdrecht



818 REHINA, PARAMESWARAN; THERMAL DECOMPOSITION KINETICS

COOH

CH=N

%

Fig. 1 (X=H or Br)

Experimental
Preparation of ligands

The ligand citronellal anthranilic acid was prepared as follows. Citroneilal
(1.8 ml, 0.01 mol) in ethanol was mixed with recrystallised anthranilic acid
(1.37 g, 0.01 mol) and was kept overnight. The yellow crystalline precipitate ob-
tained was filtered, recrystallised from ethanol and dried. Melting point was
found to be 120°C.

Citronellal-5-bromoanthranilic acid was prepared from 5-bromoanthranilic
acid following the same procedure adopted for parent ligand. Melting point was
found to be 195°C. Both ligands were characterised on the basis of CHN analy-
sis, mass and IR spectral data.

Preparation of complexes

Metal complexes of citronellal anthranilic acid (L'H) and citronellat-5-bro-
moanthranilic acid (L"H) were prepared by adding a solution of metal chlorides
dropwise to a refluxing solution of ligand in methanol until the metal to ligand
ratio reached 1:2. Sodium acetate (1 g) was added and heating was continued for
10 min. The separated complexes were filtered, washed with 50% methanol and
dried over anhydrous CaCls. The purity of the samples was checked by elemental
analysis for the metal and C, H, N analysis, spectral and thermal studies.
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Fig. 2 M=Co(1l), Ni{1), Cu(ID) or Zn(II); (X=H or Br)
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Instrumental

Infrared spectra were recorded using a Perkin-Elmer Model 283 infrared
spectrophotometer. Thermal studies were carried out using a Perkin-Elmer 7 se-
ries thermal analysis system. A constant heating rate of 10°C min "', and sample
mass of ~3 mg were employed for the entire study. Computational work was done
with a Horizon ITI minicomputer using the programming language FORTRAN.

Data processing

The decomposition temperature ranges in TG and DTG for the metal chelates
ann mesonbaAd ji Talalna 2 awd A T asvonran Fman A TTY nmamnanlnwran A g 1 Ao
dIC PHCMCHILCU LI 1ADICH O Al 9, LAV CULVED TUL WULLLY CULLIPICASY Ul LWU LLpdlius
show single stage decomposition pattern, while Ni(II) and Zn(II) complexes of
two ligands show double stage decomposition pattern. Cu(Il) complex of
citronellal anthranilic acid shows three-stage decomposition pattern while that
of citronellal-5-bromoanthranilic acid shows two stage decomposition pattern.
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 or-
der parameter n, tor the thermal decomposition of the complexes were deter-
mined from the TG data. Fractional decomposition, o, for respective tempera-
tures was calculated from TG curves.

Determination of the mechanism of reaction from non-isothermal methods
has been discussed by Sestdk and Berggren and Satava [15, 16]. 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.

i—f = Aexp(—E/RT)f(tx) (1)

where A is the pre-exponential factor, ¢ is the time and flot) depends on the
mechanism of the process.
For a linear heating rate, @, d7/ds = ® and substitution into Eq. (1) gives

doo A
f(_) = —exp(—E/RT)dT 2)

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

J. Therm. Anal. Cal., 55, 1999



820 REHINA, PARAMESWARAN: THERMAL DECOMPOSITION KINETICS

o
da

ﬂ) = g(o) = j—exp(mE/RT)dT (3)

where g(a) is the integrated form of f{let). A series of f{ol) forms are proposed, and
the mechanism is obtained from the one that gives the best representation of the
experimental data. Nine probable reaction mechanisms are given by Satava [16].
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
solution and is recommended by several authors [17, 18].
The general form of the equation used is

sl [AR| E 4

In{ = :|—ln|:(DE} RT 4)

Along with the mechanistic equations, three non-mechanistic methods sug-
gested by Coats and Redfern [19], Horowitz and Metzger [20] and MacCallum

and Tanner were also used for comparison [21]. The reaction order can easily be
estimated by comparing the values using n=0.33, 0.5, 0.66 and 1 in equations

n[1-(1-o) ™Y(1-mT?] vs. UT for n=1 (5
}og[—log{l—&)]/T2 vs. YT Tor #u=l (&)
Coats-Redfern equation
rl—(l—oc)] “l TArR(1-2RTY E
In| ———— "~ |=In ~—|——F— ||~ 5% (7N
| (1-n)/T% | ®E| E RT

Horowitz-Metzger equation

1-(1-o)"| . ART® E E8
1 =In -+ 8
n{ (1—n) } " ®E  RTs Ry ®

where @ =7 - Ty,

MacCallum-Tanner

l-(Q-o)'™ 0.449 + 0.217
Iog{-—Lﬂ-—}=iog ARE 0.483E %% [————j——g 100 (9)
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Results and discussion

The structure of the eight complexes was found to be [ML2(H20).}. Analyti-
cal, molar conductance and magnetic data are presented in Tables 1 and 2. The
complexes exhibit molar conductance in the range 1-10 ohm ' mol” em” in ni-
trobenzene. The magnetic and electronic spectral data are also consistent with an
octahedral structure in all complexes.

The electronic spectra of the ligands showed two characteristic bands near
37736 cm ! and 27 400 ¢cm™' . The shift of these bands exhibited in the spectra of
complexes can be taken as a proof of coordination of the ligands to metal ions.

The 4p1,(F) — 412,(F) and 4r11,(F)— 41:,(P) transitions expected for Co(1l)
complexes with octahedral geometry was clear in the spectra at 9 500-10
530 cm™' and 20 000-22 000 cm™, respectively. The band at 10000 cm ' in
Ni(IT) complexes are assignable t0 342,(F}—=31(F) transition and other at 23
000 cm™* to 3a2,(F)—>311,(P) transition of octahedral geometry. The distorted oc-
tahedral geometry for Cu(Il) complexes is indicated by the band at 15 300 cm’”
[22]. In the case of other complexes no absorption bands other than ligand ab-
sorption is seen.

The IR spectrum of the ligand shows a band of medium intensity at about
1500 ¢m™’, which may be attributed to v C=N of Schiff-base [23]. This band
shifts to lower frequencies at 1470 cm”' in the complexes indicating a reduction
of electron density in the azomethine linkage as the nitrogen coordinates to the
metal ion [24].

In all the complexes, the presence of coordinated water is confirmed by the
observation of a broad band at 33 00 cm™' . However, conclusive evidence regard-
ing the bonding of nitrogen and oxygen was provided by the occurrence of M—N
and M-O in the 500-600 ¢cm™" and 400500 cm™' regions, respectively, in the
metal complexes [25]. 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 Fig. 2.

The decomposition temperature ranges for the metal chelates are given in Ta-
bles 3 and 4. Data from independent pyrolytic experiments are also included in
these Tables. The values of E, A, AS and r from non-mechanistic equations
(Coats-Redfern, Horowitz-Metzger and MacCallum-Tanner) and the compara-
ble values obtained from nine mechanistic equations are given in Tables 3 and 6.

The activation energies obtained in the present complexes are comparable to
those of the coordination compounds of 3d transition metals having similar
structure. In all the complexes H2O molecules are lost around 130-150°C. Ac-
cording to Nikolaev er al. [26] water eliminated at this temperature can be con-
sidered as coordinated water. Initial decomposition temperature and inflection
temperature have been used to determine the thermal stability of metal chelates.
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On the basis of our findings the relative thermal stabilities of the metal chelates
can be given as,

[CULZ’{HQO)z]<[ZnL§(HQO)2]<[C0Li(H20)2]<[NiL§ (H20)2]
[NiL3 (Hz20),]<[Cul.y (H20)]<[ZnL} (H20)2]<[CoL} (H20)1]

Decomposition kinetics

The values of kinetic parameters obtained from nine mechanistic equations
show that more than one equation gives good linear curves with high values of
correlation coefficients, so it may become difficult to assign the reaction mecha-
nisms unequivocally from the linearity of the curve alone. In such cases, some
authors have chosen the function f (o), which gives kinetic parameters in agree-
ment with those obtained by the numerical method.

In the present study it is observed that the values of E, A and AS for the single
stage decomposition of [CoL;(H;0),] and [CoL?} (H20),] obtained from Coats-
Redfern with n=2/3 are in good agreement with the corresponding values obtained
for R2 mechanism based on phase boundary reaction, cylindrical symmetry.

For the first stage decomposition of {NiL}(H>0)] and second stage decompo-
sition of [CuL}(H20),] and [ZnL}(H>0).] the values of kinetic parameters ob-
tained for Coats-Redfern equation with n=1 are in good agreement with those
values obtained for F; mechanism based on random nucleation (Mampel equa-
tion). First stage decomposition of [ZnL;(H;0).] follows R, mechanism based

faYsl I"\]"\ ja Yoyl “\n
on phase houndary reaction, cylindrical symmetry.

First and second stage decomposition of [NiL’; (H20):], second stage decom-
position of [CuL (H>0):], and first stage decomposition of [ZnL’ (H»0).] fol-
low F| mechanism based on random nucleation (Mampel equation). First stage
decomposition of [CuL’, (H,0):] follows R; mechanism based on phase bound-
ary reaction, cylindrical symmetry and the second stage decomposition of
[Zn1.; (H,0);] follows R; mechanism based on phase boundary reaction spheri-
cal symmetry.

All these mechanisms are proposed since the values of E, A and AS computed
from the mechanistic equation agree well with those from the non-mechanistic
equation (Coats-Redfern) having maximum correlation coefficient. These val-
ues of E, A and AS obtained for these complexes are comparable. The negative val-
ues for entropy of activation indicates that the activated complexes have a more or-
dered structure than the reactants and the reactions are slower than normal.
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