
Thermochimica Acta, 203 (1992) 311-320 
Elsevier Science Publishers B.V., Amsterdam 

311 

Evaluation of the kinetic and thermodynamic 
parameters for the thermal decomposition 
of bis( q 5-cyclopentadienyl) titanium( IV) N, N ‘- 
bis( 2-hydroxynaphthalene-1-carbaldene) alkenediamines 

Virendra Joshi, SK. Jain and N.K. Kaushik 

Department of Chemistry, University of Delhi, Delhi-110007 ‘(India) 

(Received 24 August 1991) 

Abstract 

The course of the thermal degradation of ($-C,H,),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 [l-3]. 

In earlier works [4-61, 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($-cyclopentadienyl)titanium(IV) with the 0 and N 
donor ligands as Schiff bases derived from 2-hydroxynaphthalene-l- 
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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/dt = K(l - aY’ and an 
Arrhenius equation of the type K = 2 eWEIRT to be valid, where (Y repre- 
sents the fraction transformed, IZ the order of reaction, K the rate constant 
and E the activation energy; the graphs for log( - log(1 - a)/T*) versus 
l/T x 103, log(a/T*) versus l/TX lo3 and log( - ln(1 - cu)) versus l/TX 
i03 gave straight lines with slopes E/2.303RT, E/2.303RT and 
E8/2.303Tz for the Coats-Redfern, Piloyan-Novikova and Horowitz- 
Metzger methods respectively, where 8 is a reference temperature, T - 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 (q5-C5H5)2TiC1, 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 ($-C,H,),Ti(SB> complexes follows three 
steps as shown by the representative scheme below for the thermal decom- 
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position of the complex, ($-C,H,),Ti(N,N’-bis(2-hydroxynaphthalene-l- 
carbaldene)propylenediamine: 
Step I 

(C,H,),TiC,,H,,O,N, + 160, --+ 

(C,H,),Ti< 
OCH, + N, + 14C0, + 4H,O 

OCH, 

Step II 

(C,H,&Ti< 
OCH, 

OCH, 

Step III 

+ 160, - Ti(CO,), + lOC0, + 8H,O 

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 

100r 
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Fig. 1. TG curves: Curve D, 175-Cp,Ti(N,N’-bis(2-hydroxynaphthalene-l-carbaldene)eth- 
ylenediamine); curve E, $‘-Cp,Ti(N,N ‘-bis(2-hydroxynaphthalene-l-carbaldene)propylene- 
diamine); curve F, 775-Cp,Ti(N,N’-bis(2-hydroxynaphthalene-l-carbaldene)hexamethylene- 
diamine). 
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Fig. 2. DTA curves: curve D, 115-Cp,Ti(N,N’-bis(2-hydroxynaphthalene-l-carbaldene)ethyl- 
enediamine); curve E, 175-Cp2Ti(N,N’-bis(2-hydroxynaphthalene-1-carbaldene)propyl- 
enediamine); curve F, 175-Cp,Ti(N,N’-bis(2-hydroxynaphthalene-~-carbaldene)hexamethyl- 
enediamine). 

presented in Table 1. From the plots of the thermal effects of the DTA 
curves, it is shown that Step I of the decomposition is endothe~ic 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-‘, v(C-C); 1015 cm-‘, 6(in plane)(C-HI; 810 cm-‘, 
G(out of plane)(C-H); 440 cm-‘, v(Ti-C,H,) vibrations; approx. 1625 
cm-‘, (-HGN-) 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 w -+ rr * (benzoid), v + P * {azomethine) and q + rr* (azomethine) 
electronic transitions. The presence of a single band in the 402-412 nm 
range corresponds to the (a - 1) do, nSQ electronic configuration of tita- 
nium [lo]. The ‘H-NMR studies of these complexes reveal a sharp singlet 
at approx. S 8.4 ppm for the resonance of CSH, about the metal axis. The 
downfield shift relative to the free ligand indicates coordination of nitrogen 
through the metal atom (111. 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 
endothe~ic 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 171: curve D, n5-Cp2TiW,N’-bis(2- 
hydroxynaphthalene-l-carbaldene)ethylenediamine); curve E, n5-Cp2Ti(N,N’-bis(2-hy- 
droxynaphthalene-1-carbaldene)propylenediamine); curve F, n5-Cp,TiW,N’-bis(Zhydroxy- 
naphthalene-1-carbaldene)hexamethylenediamine). 

fx IO’ - 
I .o I .2 I.4 I.6 I 

-5.3 
.a 2.0 2.2 2.4 , I I I I I I 1 

-5.5 

-5.7 t 

-5.9 - 

q-6.1 - 

E 

-63-:-B, 

F 

-6.5 - 0 

-6.7 - 0 

E 

-6.9 L 

Fig. 4. TG curves plotted by the Piloyan-Novikova method [Sl: curve D, n5-Cp,TW,N’- 
bis(2-hydroxynaphthalene-l-carbaldene)ethylenediamine); curve E, n5-Cp,TiW,N’-bis(2- 
hydroxynaphthalene-l-carbaldene)propylenediamine); curve F, n5-CpZTi(N,N’-bis(2-hy- 
droxynaphthalene-l-carbaldene)hexamethylenediamine). 
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Fig. 5. TG curves plotted by the Horowitz-Metzger method [91: curve D, q5-Cp2TiW,N’- 
bis(2-hydroxynaphthalene-l-carbaldene)ethylenediamine); curve E, $-Cp,Ti(N,N’-bis(Z 
hydroxynaphthalene-l-carbaldene)propylenediamine); curve F, T5-Cp2Ti(N,N’-bis(2-hy- 
droxynaphthalene-l-carbaldene~hexamethylenediamine~. 

mic, probably due to cleavage of -OCH, and CO:- into CO:- and 02- 
and metal oxide in the second and third steps respectively. 

From the TG curves, the order of reaction n, the fractional weight loss (Y 
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 = hexpR 

where K is the Boltzmann constant and h 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 



T
A

B
L

E
 

2 

K
in

et
ic

 
pa

ra
m

et
er

s 
of

 t
he

 c
om

pl
ex

es
 

fo
r 

th
e 

fi
na

l 
st

ep
 

Sa
m

pl
e 

N
O

. 

1.
 

2.
 

3.
 

C
om

po
un

d 
C

al
ib

ra
tio

n 
E

qu
at

io
ns

 
O

rd
er

 
of

 
E

 
A

S*
 

co
ns

ta
nt

 
K

 
re

ac
tio

n 
0c

J 
m

ol
-‘

) 
:-

“I
) 

(k
J 

m
ol

-“
1 

&
I 

cm
d2

) 
n 

(7
15

-C
,H

,)
,T

i(
N

,N
’-

bi
s(

Z
- 

C
oa

ts
-R

ed
fe

rn
 

1 
15

.4
65

 
0.

14
7x

 
lo

-”
 

- 
47

8.
59

1 
hy

dr
ox

yn
ap

ht
ha

ie
ne

-l
- 

0.
11

53
5 

Pi
lo

ya
n-

N
ov

ik
ov

a 
1 

8.
62

7 
0.

50
7 

x 
10

-1
2 

- 
27

8.
06

7 
ca

rb
al

de
ne

)e
th

y~
en

ed
ia

m
in

e)
 

H
or

ow
itz

-M
et

zg
er

 
1 

11
.7

20
 

0.
46

8 
x 

lo
- 

l2
 

- 
45

3.
31

3 
(r

15
-C

,H
5)

2T
i(

N
tN

’-
bi

s(
2-

 
C

oa
ts

-R
ed

fe
rn

 
1 

14
.3

86
 

0.
13

7 
x 

10
-1

1 
-4

79
.1

61
 

hy
dr

o~
na

ph
th

ai
en

e-
1~

 
0.

11
26

2 
Pi

lo
ya

n-
N

ov
ik

ov
a 

1 
7.

68
9 

0.
92

2x
 

lo
-”

 
- 

27
0.

10
2 

ca
rb

a~
de

ne
~r

op
yl

en
ed

ia
m

in
e)

 
H

or
ow

itz
-M

et
zg

er
 

I 
12

.9
87

 
0.

67
2~

10
-‘

~ 
- 

46
0.

41
2 

(~
5-

C
,H

5)
2T

i(
N

,N
’-

bi
s(

2-
 

C
oa

ts
-R

ed
fe

rn
 

1 
9.

75
4 

0.
11

3x
 

lo
-”

 
- 

56
8.

39
0 

hy
dr

ox
yn

ap
ht

ha
le

ne
-l

- 
0.

12
58

5 
Pi

lo
ya

n-
N

ov
ik

ov
a 

1 
6.

50
3 

0.
43

9 
x 

lo
-‘

* 
- 

29
0.

34
6 

ca
rb

al
de

ne
)h

ex
am

et
hy

le
ne

- 
H

or
ow

itz
-M

et
zg

er
 

1 
7.

45
6 

0.
53

4x
 

lo
-l

2 
- 

48
9.

23
0 

di
am

in
e)

 

a 
B

ol
tz

m
an

n 
co

ns
ta

nt
 

= 
1.

38
05

 x
 1

0V
z3

 J
 K

-‘
; 

Pl
an

&
s 

co
ns

ta
nt

 
= 

6.
62

~ 
1O

-3
4 

J 
s.

 



319 

0.9 r 
0.8 

0.7 

0.G 

t 

0.5 

x 0.4 

0.3 

0.2 

0.1 

Of I I I I I I 
273 373 473 573 873 773 873 

TfKl- 

Fig. 5. Plots of the fractional weight i5s.s versus temperature: curve D, $-CpJiCNJJ’- 
bis(2-hydroxynaphthaIe~e-l-carbaldene) curve E, ~5-Cp~T~(~,~‘-bis~~- 
hydro~n~phthale~e-~-carb~dene~ropyienediami~e~ curve F, q5-Cp,Tif.i’?,N’-bis(2-hy- 
droxynaphthalene-l-carbaidene)hexamethylenediamine). 

where /? 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- 1 using the relationship 

AH fk.l mol-I) = AH (FV) X 50 X molecular wt. X Ift-5/1000 

The temperature-de~ndent cahbration constant was obtained from the 
Currell equation 1131. 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 decompasition 
reaction. 
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