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Abstract

The course of the thermal degradation of (3-CsH;),Ti(SB) complexes (SB, Schiff base)
has been investigated using thermogravimetric (TG) and differential thermal analysis (DTA)
techniques. The order of reaction and activation energy were calculated from the TG curves
and the enthalpy change was calculated from the DTA curve. From the evaluated kinetic
parameters, a mechanism was suggested for the thermal degradation. Spectral studies (IR,
"H-NMR and UV-visible) indicate that these complexes are tetradentate and octahedral.

INTRODUCTION

In recent years, metal complexes with nitrogen and oxygen donor ligands
have been extensively studied as one of the most interesting topics in the
field of coordination chemistry and many reports have been documented
on the properties and reactivities of such complexes [1-3].

In earlier works [4-6], TG and DTA studies of various nitrogen, oxygen
and sulphur donor ligands were carried out under dynamic temperature
conditions in order to confirm the purity of the complexes and the correct
temperature ranges in which the resulting intermediate decomposition
steps attain constant weight, thereby affording gravimetric evaluations of
the metal ions. ‘

This paper reports extensive thermoanalytical investigations of tetraden-
tate complexes of bis(n’-cyclopentadienyl)titanium(IV) with the O and N
donor ligands as Schiff bases derived from 2-hydroxynaphthalene-1-
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carbaldehyde and diamines (ethylenediamine, propylenediamine and hex-
amethylenediamine).

The present work includes the kinetics of thermal decomposition of
these complexes measured under dynamic temperature conditions by both
(thermogravimetric) (TG) and differential thermal analysis (DTA) tech-
niques. Evaluation of the kinetic parameters has been performed by means
of the Coats—Redfern [7], Piloyan—Novikova [8] and Horowitz—Metzger [9]
methods assuming a rate law of the type dx/d¢t=K(1—a)" and an
Arrhenius equation of the type K =Z e £/RT to be valid, where « repre-
sents the fraction transformed, n the order of reaction, K the rate constant
and E the activation energy; the graphs for log(—log(l1 — a)/T?) versus
1/T %X 103, log(a/T?) versus 1/T X 10° and log(—In(1 — @)) versus 1/T X
10° gave straight lines with slopes FE/2.303RT, E/2303RT and
E6/2.303T2 for the Coats-Redfern, Piloyan-Novikova and Horowitz—
Metzger methods respectively, where @ is a reference temperature, 7 — T,
T, is the peak temperature and R the gas constant.

This paper reports the elucidation of the reaction mechanism on the
basis of the evidence provided by the thermoanalytical methods.

EXPERIMENTAL

The TG and DTA curves were recorded simultaneously for powdered
samples on a Rigaku 8150 thermoanalyser at the heating rate of 15°C
min~!; the chart speed was maintained at 2.5 mm min~!. A platinum
crucible was used with alumina as the reference material. IR spectra were
recorded on a Shimadzu IR spectrophotometer (IR-435) for measurement
of IR spectra in the range 4000-400 cm~! and on a Shimadzu (UV-Vis)
model (431) for spectra in the 109-900 nm range; the 'H-NMR studies
were carried out on a Hitachi-R-600 F-7 NMR spectrophotometer at a
sweep width of 900 Hz and sweep time of 300 s. Schiff bases were derived
from the diamines and hydroxyaldehydes in 1:2 molar ratio by refluxing for
an hour in ethanol and cooling the mixture in ice bath. The yellowish-brown
precipitated mass was separated and recrystallised in ether. The complexes
were synthesised in non-aqueous medium in refluxing tetrahydrofuran
(THF) in the 1:1 stoichiometric ratio of (°-CsH,),TiCl, and Schiff base
in the presence of triethylamine.

The precipitate of Et;N-HCl was removed from the mixture and the
filtrate was evaporated to half volume in a vacuum at room temperature
and crystallised in normal hexane. Finally the product was recrystallised
from ether and stored in a vacuum desiccator.

RESULTS AND DISCUSSION

The thermal decomposition of (7°-C5sH5),Ti(SB) complexes follows three
steps as shown by the representative scheme below for the thermal decom-
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position of the complex, (7°-CsH,),Ti(N,N’-bis(2-hydroxynaphthalene-1-
carbaldene)propylenediamine:
Step 1

OCH; + N, + 14CO, + 4H,0
(C5H5)2T1<OC 3 2 2 2

3
Step 11

_OCH,
(C5H5)2Ti\OCH +160, —> Ti(CO,), + 10CO, + 8H,0
3

Step 111
Ti(CO,), — TiO, + CO,

The degradation pattern of all the complexes is similar. Volatilisation of
the complexes ceases, leaving titanium oxide in the crucible of the ther-
mobalance. The percentage weight loss for every step, determined from the
TG curves, and the corresponding temperature range for the complexes are
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Fig. 1. TG curves: Curve D, 73-Cp,Ti(N,N'-bis(2-hydroxynaphthalene-1-carbaldene)eth-
ylenediamine); curve E, 5>-Cp,Ti(N,N "-bis(2-hydroxynaphthalene-1-carbaldene)propylene-
diamine); curve F, 55-Cp,Ti(N,N '-bis(2-hydroxynaphthalene-1-carbaldene)hexamethylene-
diamine).
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Fig. 2. DTA curves: curve D, 5°-Cp,Ti( N, N "-bis(2-hydroxynaphthalene-1-carbaldene)ethyl-
enediamine); curve E, %°-Cp,Ti(N,N’-bis(2-hydroxynaphthalene-1-carbaldene)propyl-
enediamine); curve F, 1°-Cp,Ti(N,N’-bis(2-hydroxynaphthalene-1-carbaldene)hexamethyl-
enediamine).

presented in Table 1. From the plots of the thermal effects of the DTA
curves, it is shown that Step 1 of the decomposition is endothermic while
Steps II and III are exothermic in nature. The TG and DTA curves are
shown in Figs. 1 and 2 respectively.

The following IR absorption bands were assigned: approx. 3100 cm ™,
v(C-H); 1450 cm™!, »(C-C); 1015 cm™!, &(in plane)C-H); 810 cm ™},
8(out of plane)}(C-H); 440 cm™!, v(Ti~C,Hj) vibrations; approx. 1625
cm ™!, (-HC=N-) azomethine group; and 1320-1310 cm™!, C-O stretch-
ing.

Bands appearing in the UV-visible spectra at 250, 320 and 385 nm are
due to 7 — 7 * (benzoid), w — 7 * (azomethine) and 1 — 7* (azomethine)
electronic transitions. The presence of a single band in the 402-412 nm
range corresponds to the (n — 1) d°, nS° electronic configuration of tita-
nium [10]. The 'H-NMR studies of these complexes reveal a sharp singlet
at approx. 6 8.4 ppm for the resonance of C;H; about the metal axis. The
downfield shift relative to the free ligand indicates coordination of nitrogen
through the metal atom [11]. The disappearance of phenolic signals from
the complexes indicate that the oxygen participates in bond formation with
the metal atom [12]. The above information suggests a tetradentate nature
for the ligands and an octahedral geometry for the complexes.

The TG and DTA curves indicate that the first step of decomposition is
endothermic which may be caused by the adiabatic expansion of liberated
N,, CO, and water vapour, while the second and third steps are exother-
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Fig. 3. TG curves plotted by the Coats—Redfern method [7]: curve D, 7°-Cp,Ti(N,N -bis(2-
hydroxynaphthalene-1-carbaldene)ethylenediamine); curve E, %°-Cp,Ti(N,N '-bis(2-hy-
droxynaphthalene-1-carbaldene)propylenediamine); curve F, n°-Cp,Ti(N,N '-bis(2-hydroxy-
naphthalene-1-carbaldene)hexamethylenediamine).
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Fig. 4. TG curves plotted by the Piloyan-Novikova method [8]: curve D, 1°-Cp,Ti(N,N’-
bis(2-hydroxynaphthalene-1-carbaldene)ethylenediamine); curve E, 73-Cp,Ti(N,N '-bis(2-
hydroxynaphthalene-1-carbaldene)propylenediamine); curve F, 7°-Cp,Ti(N,N '-bis(2-hy-
droxynaphthalene-1-carbaldene)hexamethylenediamine).
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Fig. 5. TG curves plotted by the Horowitz-Metzger method [91: curve D, 7°-Cp,Ti(N,N’-
bis(2-hydroxynaphthalene-1-carbaldene)ethylenediamine); curve E, 7°-Cp,Ti(N,N'-bis(2-
hydroxynaphthalene-1-carbaldene)propylenediamine); curve F, 5°-Cp,Ti(N,N'-bis(2-hy-
droxynaphthalene-1-carbaldene)hexamethylenediamine).

mic, probably due to cleavage of -OCH; and CO3~ into CO3~ and O?~
and metal oxide in the second and third steps respectively.

From the TG curves, the order of reaction n, the fractional weight loss «
and the activation energy E for the final step of the thermal reaction have
been determined from plots of the Coats—Redfern (Fig. 3), Piloyan-
Novikova (Fig. 4) and Horowitz—Metzger (Fig. 5) methods, while the value
of the entropy of activation AS* was computed from the equation

KT AS*

Z=rep

where K is the Boltzmann constant and A the Planck constant. Z was
calculated after calculating the energy of activation E from the slope of the
respective plots and Z was determined from the equation

E

RT2P P Rr

7 =
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Fig. 6. Plots of the fractional weight loss versus temperature: curve D, #°-Cp,Ti(N,N'-
bis(2-hydroxynaphthalene-1-carbaldene)ethylenediamine); curve E, %°-Cp,Ti(N,N "-bis(2-
hydroxynaphthalene-1-carbaldene)propylenediamine); curve F, #°-Cp,Ti{N,N’-bis(2-hy-
droxynaphthalene-1-carbaldene)hexamethylenediamine).

where B is the rate of heating. Finally AS* was determined from each plot
for the final step. The comparative kinetic parameters are listed in Table 2.
The values of the heat of reaction AH, in microvolts, were obtained
directly from the computer fitted to the thermoanalyser; it was converted
to kJ mol™?! using the relationship

AH (kJ mol~!) = AH (V) X 60 X molecular wt.X 10~¢ /1000

The temperature-dependent calibration constant was obtained from the
Currell equation [13]. The plots for fractional weight loss of the complexes
versus temperature, Fig. 6, represent the comparative temperature-endur-
ing capacity of the complexes for the final step of the decomposition
reaction.
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