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Abstract The ligand [2-(1,2,3,4-thiatriazole-5-ylimino-

methyl)-phenol] (L) is a schiff base derived from conden-

sation reaction of 1,2,3,4-thiatriazole-5-ylamine and

Salicylaldehyde. Synthesis of the ligand (L) and the com-

plex [Cu(II)(L)2]�2H2O have been studied in our previous

work (Bharti et al., Asian J Chem 23(2):773–776, 2011).

Thermal decomposition behavior of synthesized Cu(II)

complex has been investigated by thermo gravimetric (TG)

analysis at heating rate of 10 �C min-1 under nitrogen

atmosphere. The mechanism of decomposition of Cu(II)

complex has been established from TG data. Kinetic

parameters such as order of reaction (n), activation energy

(Ea), frequency factor (Z) and entropy of activation (DS=)

were calculated by using Freeman and Carroll (J Phys

Chem 62:394–397, 1958) as well as Doyle’s methods as

modified by Zsako (J Phys Chem 72(7):2406–2411, 1968).

Keywords Solid state kinetics � Thermal decomposition �
Thermo gravimetric analysis � [2-(1,2,3,4-Thiatriazole-5-

yliminomethyl)-phenol] � Kinetic parameters

Introduction

In recent years thermal analysis technique is becoming a

useful tool in different fields of study such as chemical

science, polymer science, biological, and medical sciences

[1–15]. The Schiff bases have found wide applications in

the field of co-ordination chemistry. Schiff base ligands

containing strong donor sites like phenoxy oxygen atoms as

well as imine nitrogen atoms, sulphur atoms have special

co-ordination ability with transition metal ions and excel-

lent for catalysis, biological replication [16–18]. Transition

metal complexes of Schiff base ligands have increased

interest in the field of biological activities such as anti-

bacterial, antiviral and antifungal agents [19–21]. Schiff

bases are potential anticancer drugs [22] and when

administered as their metal complexes the anticancer

activity of such complexes is enhanced in comparison to

the free ligand [23]. Thiadiazoles [24, 25], triazoles [26,

27], and their derivatives are also known for there bio-

logical activities [28, 29]. The thermal kinetics and

decomposition products of the complex are apparently of

significance in understanding the biochemistry of the

compounds [30].

This paper deals the solid state kinetics of Cu(II) com-

plex with Schiff base of [2-(1,2,3,4-thiatriazole-5-ylimi-

nomethyl)-phenol] and calculation of kinetic parameters,

i.e., order of reaction, activation energy, entropy of acti-

vation, and frequency factor using Freeman and Carroll as

well as Doyle’s methods as modified by Zsako.

Experimental

The ligand and the complex have already been synthesized

and characterized in our previous studies [1]. The thermal

analysis of synthesized Cu(II) complex of Schiff base [2-

(1,2,3,4-thiatriazole-5-yliminomethyl)-phenol] was carried

out to investigate their degradation patterns and kinetic

parameters such as order of reaction (n), activation energy
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(Ea), and entropy of activation (DS=) were calculated by

using Freeman and Carroll [2] as well as Doyle’s methods

as modified by Zsako [3]. The thermal behaviors of the

compound were investigated using Universal V4.2E, TG

2950 TA Instruments USA. Generally, 20–30 mg of the

complexes were taken in an alumina crucible and then

subjected to a controlled heating rate of 10 �C min-1 in a

temperature range of 30–1000 �C under nitrogen

atmosphere.

Methodology and kinetic analysis

Freeman and Carroll method

The existing percentage mass of the complex at equal

temperature intervals, i.e., 10 �C were noted directly from

TG curve for a particular stage of thermal decomposition.

A plot of [Dlog dw/dt]/[Dlog Wr] versus [DT-1]/[Dlog Wr]

has been drawn for the stage of decomposition under

consideration where Wr = WC - W, WC = total mass loss

on completion of reaction, and W = total mass loss up to

time t.

The straight line obtained is suggestive of the order of

reaction from their intercept on Y-axis and the activation

energy is equal to 2.303 R 9 slope. Freeman and Carroll

had suggested that a good straight line is obtained, how-

ever, in the present cases remarkable deviations have many

times been observed possibly on account of experimental

factors, compactness, particle size, etc., over which there

were no control.

Doyle’s method as modified by Zsako

The validity of this graphical method has been supported

by the Doyle method as modified by Zsako employing

standard deviations in the calculations instead of curve

fitting procedure. Doyle’s equation for TG curve is

F að Þ ¼ ZE

aR

� �
p xð Þ ð1Þ

a ¼ W0 �W

W0 �Wf

ð2Þ

where W = actual mass, W0 = initial mass, and

Wf = Final mass of the sample. F(a) can easily be calcu-

lated with the help of Eq. 2 for different presumed kinetic

equations.

The percentage mass of the complex at equal tempera-

ture intervals, i.e., 10 �C were noted directly from TG

curve for a particular stage of thermal decomposition and

F(a) values are calculated.

The Bi values for different order of reaction were cal-

culated by the following equations.

B0 ¼ log a� log p xð Þ ð3Þ
B1 ¼ logðln 1=1� aÞ � log pðxÞ ð4Þ
B2 ¼ logða=1� aÞ � log p xð Þ ð5Þ

The values of –log p(x) were noted from Zsako table.

Therefore, the values of minimum deviation were calculated

by the

d ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Bi � �Bð Þ2

r

s
ð6Þ

where r is the number of experimental data used for the

calculation of �B.

The values for order of reaction and activation energy

were revised by this method for the particular stage of

transformation as in case of calculations by Freeman and

Carroll procedure. This minimum deviation d min for

particular Bi value and Ea value suggest the order of

reaction and activation energy for the considered stage of

transformation.

The apparent frequency factor and the apparent activa-

tion entropy were also calculated from the equation:

log Z ¼ �Bþ log Rq� log Ea ð7Þ

DS 6¼ ¼ 2:303 log Zh=KT : ð8Þ

where R = gas constant, �B = arithmetical mean of most

consistent series of Bi values, q = heating rate, Ea = acti-

vation energy, h = Planck’s constant, K = Boltzmann’s

constant, AND T = absolute temperature at half of the total

loss in mass for the considered step of paralysis.

Results and discussion

Thermo gravimetric analysis of coordination complex

of [Cu(L)2]�2H2O

The thermo gravimetric (TG) curve, which characterizes

the thermal decomposition of the Cu(II) complex of Schiff

base of salicyaldehyde and 5-amino-1,2,3,4-thiatriazole

(L) in nitrogen atmosphere at a heating rate of 10 �C min-1

are given in Fig. 1. Close examination of the TG curve

reveals that the decomposition of Cu(II) complex occurred

in four steps. In first step, there is mass loss from 100 to

120 �C (obsd: 17.27%; cal: 17.66%), which may be due to

elimination of water molecules (2H2O) and two –CH=N–

moiety. In second step mass loss from 180 to 240 �C (obsd:

51.17%; cal: 51.47%). It may be due to loss of two

( N

NN

S

) moiety. At third step gradual mass loss from 300

to 700 �C (obsd: 81.01%; cal: 81.86%) may be due to mass

loss of two moiety. Residue obtained may be due to
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Cu2O (obsd: 28%; cal: 28%). It can be seen clearly

(Table 1) that the mass losses obtained from the TG curves

and that calculated for the corresponding molecules are in

good agreement. Slight increase in mass above 700 �C is

due to internal oxidation of moiety.

The second stage of transformation was considered for

study of chemical kinetics. The residual mass existing at

equal temperature gaps were read directly from the TG

curve and data were calculated by Freeman and Carroll

method which are given in Table 2.

The plot [Dlog dw/dt]/[Dlog Wr] versus [DT-1]/

[Dlog Wr] (Fig. 2) with the value tabulated above gives a

straight line with an intercept at suggesting the order of

reaction 0.9 and activation energy 18.05 kcal/mol as cal-

culated from Ea = 2.303 R 9 slope.

Further the mass read at different temperatures were

used to calculate data adopting Doyle’s methods as modi-

fied by Zsako for the same step of the reaction.

log F(a) values obtained in Table 3 were used to cal-

culate B0, B1, B2 and d0, d1, d2 values for different acti-

vation energies at different temperature which are given in

Table 2 for different presumed order of reaction. The

minimum value of d indicates the best E value. At the same
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Fig. 1 TG plot of [Cu(L)2]�2H2O complex

Table 1 Thermo analytical data and decomposition temperature for [Cu(L)2]�2H2O complex

S. No. Temperature/�C Species degraded Mass loss/%

Found Cal.

1 100–120 Loss of 2H2O molecule and two

–CH=N– moiety

17.27 17.66

2 180–240
Loss of two N

NN

S

moiety
51.17 51.47

3 300–700
Loss of two moiety

81.01 80.86

4 Above 700 Cu2O formation 28 (residue) 28

Table 2 Data obtained by Freeman and Carroll Method

S. No. Temperature/�C Mass/% [Dlog dw/dt]/[Dlog Wr] [DT-1]/[Dlog Wr]

1 140 81.63 -8.0628 7.3957 9 10-3

2 150 81.13 -7.9549 5.7508 9 10-3

3 160 80.53 -8.2591 4.1622 9 10-3

4 170 79.76 -7.1061 2.8378 9 10-3

5 180 78.72 -4.7909 1.9434 9 10-3

6 190 77.34 -7.7592 1.3055 9 10-3

7 200 75.51 -5.5125 7.7388 9 10-4

8 210 72.86 -2.6489 4.2185 9 10-4

9 220 68.99 -0.5943 2.2610 9 10-4

10 230 64.00 0.2106 1.4740 9 10-4

11 240 59.63 1.1924 1.5401 9 10-4

12 250 57.44 0.9923 1.4762 9 10-4

13 260 56.21 0.2156 8.2043 9 10-5

Initial mass% at 130 �C = 82.06, final mass% at 270 �C = 55.22
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time, the least value d min is a measure of the consistency

of the decomposition process with the presumed function

F(a). Presuming other kinetic equation and calculating the

corresponding d min values, the least value of d min

indicates F(a) among the tested ones which ensure the

maximum consistency with experimental data.

Comparative value of d along with their activation

energies for the presumed order of order of reaction are

given in Table 4.

A comparison of the d min values for different presumed

orders incorporated in the previous table are given in

Table 4 showing that d0 = 0.0649 is the minimum value

which corresponds to the order of reaction b = 1, activa-

tion energy Ea = 18 kcal/mol and �B0 = 10.4144.

With the help of above values, the apparent frequency

factor Z = 4.7770523 9 105 s-1 and apparent entropy of

activation DS 6¼ ¼ �16:9065 e:u: which is calculated for the

considered stage of transformation using following

equations

log Z ¼ �Bþ log Rq� log Ea ð9Þ

and

DS 6¼ ¼ 2:303R log Zh=kT ð10Þ

where T is the absolute temperature, i.e., 503 K at which

the mass lost is half of total mass lost.

Thus resemblance of the value for kinetic terms obtained

for the same stage of decomposition evaluated by two

different methods is comparable and is given in the Table 5
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Fig. 2 Plot of [Dlog dw/dt]/[Dlog Wr] versus [DT-1]/[Dlog Wr]

Table 3 Data of log F(a) values for the complex [Cu(L)2]�2H2O calculated at different temperatures

S. No. Temparature/�C a ¼ ðW0 �Wt=W0 �WfÞ log a log ln 1=1� að Þ log a=1� að Þ

1 140 0.0157 -1.8044 -1.8010 -1.7976

2 150 0.0339 -1.4694 -1.4620 -1.4544

3 160 0.0558 -1.2532 -1.2408 -1.2283

4 170 0.0839 -1.0762 -1.0573 -1.0381

5 180 0.1219 -0.9142 -0.8863 -0.8577

6 190 0.1722 -0.7640 -0.7236 -0.6819

7 200 0.2390 -0.6217 -0.5637 -0.5031

8 210 0.3356 -0.4741 -0.3883 -0.2965

9 220 0.4768 -0.3216 -0.1885 -0.0403

10 230 0.6589 -0.1812 0.0316 0.2859

11 240 0.8183 -0.0871 0.2318 0.6536

12 250 0.8982 -0.0466 0.3589 0.9457

13 260 0.9431 -0.0254 0.4573 1.2193

14 270 0.9792 -0.0091 0.5881 1.6729

Initial mass% at 130 �C = 82.06, final mass% at 270 �C = 55.22

Table 4 Comparative value of d along with their activation energies

for the presumed order of order of reaction

b = 0 b = 1 b = 2

Ea/kcal/mol d0 Ea/kcal/mol d1 Ea/kcal/mol d2

12 0.0869 16 0.0878 22 0.2058

14 0.1084 18 0.0649 24 0.1956

16 0.2243 20 0.1330 26 0.2196

The bold values show the minimum deviation for the activation

energy 18 kcal

Table 5 Orders of reaction (n) and activation energy (Ea) by both the

adopted procedures

Methods Order of

reaction/n
Activation

energy Ea/kcal/mol

Freeman and carroll 0.9 18.05

J. Zasko 1 18
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Conclusions

The results obtained from the TG curve confirm the hydra-

tion and the stoichiometry of the prepared Cu(II) complex

that is established by elemental analysis and spectral analysis

[1]. The statistical way of working up experimental data and

the minimization of standard deviation ensure accuracy in

estimating apparent activation energy which is consistent

with the presumed kinetic equation. Calculations can be

carried out relatively simply using –log P(x) and can be

easily programmed electronic computers.

Since the standard deviation, d, is a quantitative measure

of the consistency between experimental data and the

presumed kinetic equation, the Doyle’s methods as modi-

fied by Zsako can be very useful in testing the validity of

different kinetic equations. The kinetic parameter deter-

mined by using Freeman and Carroll method as well as

Doyle’s methods as modified by Zsako are found to be in

good agreement as shown in Table 5.
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