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ABSTRACT 

Schiff’s bases (4-((Furan-2-ylmethylene) amino) benzene sulfonamide (FMABS) and 4-((thiophen-2-ylmethylene) 

amino) benzene sulfonamide (TMABS)) were prepared from the condensation between 2-furaldehyde, 2-

Thiophenecarboxaldehyde and 4-aminobenzene sulfonamide. These were characterized by microanalysis, FT-IR 

and NMR (1H and 13C) techniques. Thermal decomposition of FMABS and TMABS was studied by TG/DTG under 

dynamic oxygen atmosphere at different heating rates of 10, 15 and 20 K min
-1

 using under non-isothermal 

conditions and compounds were decomposed into two steps as evidenced from the DTG curve. The kinetic 

parameters were calculated using model-free and model-fitting methods. Einv and Ainv values are coincided with the 

average Ea values are determined by Friedman and KAS isoconversional methods. Each decomposition step is 

followed in different kinetic models, the thermal decomposition of FMABS was described by F2 and F1 models 

(stages I and II) and for TMABS, A3 and F2 models (stages I and II). Thermodynamic data clearly show that the 

decomposition processes are absorption of heat and non-spontaneous nature. 

Keywords: Schiff’s bases; Thermal decomposition; Solid state kinetics; Invariant kinetic parameters; Kinetic 

models 

_____________________________________________________________________________ 

INTRODUCTION 

Sulfonamides and its derivatives are used as pharmaceutical agents [1], biological activities [2], antimicrobial 

properties [3-6], bactericidal [7,8] and fungicidal activities [9,10], antioxidant [11], therapeutic agents [12], 

antitumor [13], anti-inflammatory [14], antiviral activities [15] and cytotoxic properties [16]. The colletotrichum 

gloeosporioides spores germination data showing that some of synthesized sulfonamide compounds can be taken 

into further studies to evaluate the leads of potential antifungal agents [17]. Sulfonamide Schiff’s bases are good 

corrosion inhibition efficiency against corrosion of mild steel [18], acid-base indicator [19] and electrical 

conductivity [20]. Therefore, the achieved ANN (artificial neural network) model can be able to estimate the log K 

of sulphanilamide Schiff bases as the inhibitor activity, properly. Also, advantages of the obtained ANN model are 

simplicity and reasonability. The selected different quantum chemical descriptors are very easy to computation and 

physico-chemically interpretable in the developed ANN model and different structure of sulphanilamide Schiff 

bases can participate in their inhibitor activity [21]. In the heterocyclic sulfonamide Schiff’s base compounds are 

acts as a neutral, bidentate ligand towards the metal ions coordinating through azomethine nitrogen and furan 

oxygen [22]. Literature survey reveals that no work has been reported on thermal decomposition of 4-((Furan-2-

ylmethylene)amino)benzenesulfonamide and 4-((thiophen-2-ylmethylene)amino) benzenesulfonamide under non-

isothermal decomposition in the presence of dynamic oxygen atmosphere.  



J Venkatesan et al   J. Chem. Pharm. Res., 2017, 9(9):199-209 

__________________________________________________________________________________________ 

200 

 

EXPERIMENTAL SECTION 

Apparatus 
Analytical TLC was performed on pre-coated plastic sheets of silica gel G/UV-254 of 0.2 mm thickness. Melting 

points of the synthesized compound was determined in open-glass capillaries on a Mettler FP51 melting point 

apparatus and recorded in °C without correction. Elemental analyses were performed in EURO VECTOR EA 3000 

at Central Leather Research Institute (CLRI), Chennai, India. FT-IR measurement was done as KBr pellet for solids 

using SHIMADZU-2010 FT-IR spectrophotometer. The 
1
H and 

13
C NMR spectra were recorded in DMSO-d6using 

TMS as internal standard using Bruker 400 MHz and 100 MHZ high resolution NMR spectrometer, respectively. 

The simultaneous TG and DTG curves were obtained with the thermal analysis system model Perkin Elmer TGA 

4000 V1.04. TGA/DTG at National Institute of Technology, Triuchirapalli, India. The TG analysis of FMABS and 

TMABS was carried out under dynamic oxygen atmosphere (100 mL min
-1
) in a 180 μl ceramic pan with a sample 

at the heating rates of 10, 15 and 20 K min
-1

 from 308 to 973 K. The temperature of the sample was controlled by 

thermocouple and no systematic deviation from the preset linear temperature programme. The kinetic parameters Ea 

and A were calculated using Microsoft Excel Software®. 

 

Chemicals and Reagents 
In the present work, 2-furaldehyde, 2-thiophenecarboxaldehyde and 4-aminobenzene sulfonamide were purchased 

from Aldrich chemicals; glacial acetic acid, ethyl acetate, hexane and other reagents procured from S.d.Fine 

Chemicals and were used as received. 

 

Synthesis of 4-((Furan-2-ylmethylene)amino)benzenesulfonamide (FMABS) and 4-((Thiophen-2-

ylmethylene)amino)benzenesulfonamide (TMABS): 

The Schiff’s base was obtained by refluxing equimolar quantities of 2-furaldehyde (0.83 mL, 0.01 mol L
-1

) or 2-

thiophenecarboxaldehyde (0.93 mL, 0.01 mol L
-1

), 4-aminobenzene sulfonamide (1.72g, 0.01 mol L
-1

) and few 

drops of glacial acetic acid in 25 mL of ethanol and heated on a water bath for 8-10 h. After the completion of the 

reaction, as monitored by TLC (ethyl acetate-hexane mixture (10:90%)), the resulting solution was cooled to room 

temperature, and then poured into crushed ice with constant stirring. The precipitate was filtered and washed with 

cold water. The solid product was collected through filtration and then dried using drying oven at 80°C, 

recrystallized using ethanol to obtain the yield of products (Scheme 1) are 87% FMABS and 85% TMABS. 

 

R-CHO + SH2N

O

O

NH2
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Reflux, 8-10 h

R C
H

N S

O

O

NH2

R =

O

,

S

(Scheme 1)  

Scheme 1: Synthesis of 4-((Furan-2-ylmethylene)amino)benzenesulfonamide (FMABS) and 4-((Thiophen-2-

ylmethylene)amino)benzenesulfonamide (TMABS) 

4-((Furan-2-ylmethylene)amino)benzenesulfonamide (FMABS): Brown powdery solid; mp 131°C; Calculated 

(%) for C11H10N2O3S: C, 51.54; H, 3.88; N, 10.52 Found (%): C, 51.79; H, 3.93; N, 10.58. FT-IR (KBr) (cm
-1

): 3242 

(NH
2
), 3010 (CH), 1620 (C=N), 1462 (C=C), 1157 (O=S=O),835 (C-S), 

1
H-NMR (DMSO-d6), δ ppm: 8.45 (s, 1H, 

CH), 6.73-7.97 (m, 7H, Ar-H), 7.51 (NH2); 
13

C NMR (DMSO-d6), δ ppm: 116.83, 119.50, 120.11, 122.65, 124.56, 

127.83 (aromatic carbons), 142.93 (C-S=O), 151.79(C-N), 151.04(C=N). 

 

4-((Thiophen-2-ylmethylene)amino)benzenesulfonamide (TMABS): Yellow crystalline solid; mp 148°C; 

Calculated (%) for C11H10N2O2S2: C, 49.61; H, 3.78; N, 10.52 Found (%): C, 49.60; H, 3.79; N, 10.54. FT-IR (KBr) 

(cm
-1

): 3288 (NH
2
), 3001 (CH), 1608 (C=N), 1506 (C=C), 1151 (O=S=O), 842 (C-S); 

1
H-NMR (DMSO-d6), δ ppm: 
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8.80 (d, 1H, CH), 6.59-7.74 (m, 7H, Ar-H), 7.56 (NH2); 
13

C NMR (DMSO-d6), δ ppm: 113.32, 128.35, 129.31, 

133.00, 135.48, 142.09 (aromatic carbons), 142.91 (C-S=O), 156.73 (C-N), 154.55(C=N). 

 

Theoretical Background 

 

Model free methods: 

Friedman method [23] is a differential method and is one of the first isoconversional method. The model according 

to logarithmic form is given as: 

 [
d 

dt
]   exp (-

 

 T
) f  )   (1) 

ln [ 
d 

dT
]   ln[  f  )]  

 a  

 T 
 (2) 

Thus, constant degree of conversion, activation energy (Ea) obtained from the slope of the linear plot between 

ln[ d /dT] vs. 1/T. The isoconversional integral methods suggested independently by Flynn and Wall [24] and 

Ozawa [25] uses Doyle’s [26-28] approximation of p(x), Kissinger-Akahira-Sunose Equation 4 is [29,30]. 

log     log
  a

 g  )
- 2  15 - 0  56 

 a

 T
 (3) 

ln [
 

  
]  ln [

  

 ag( )
] -

 a

 T
 (4) 

Thus for  = constant, the plot of ln ( /T
2
)  or log   versus (l/T) should be a straight line whose slope can be used to 

evaluate the apparent activation energy. This method gives quite satisfactory values of Ea at x>13. 

 

Model fitting method: 

There are several non-isothermal model-fitting methods are available, and the most popular one is the Coats-Redfern 

method [31] which has been successfully used for studying the kinetics of dehydration and decomposition of 

different solid substances [31,32]. The kinetic parameters can be obtained from modified Coats-Redfern Equation 5, 

ln [
g  )

T2
]  ln [

  

  a
(1- (

2 Texp

 a
))]  

 a

 T
 (5) 

 ln [
  

  
a

]   (
 a

 T
) 

Where g  ) is an integral form of the conversion function  the expression of which depends on the kinetic model 

occurring of the reaction  If the correct g  ) function is used, a plot of ln [g  )/T
2
] against l/T gives a straight line, in 

further particular reaction model whose slope and intercept allow us to calculate Ea and the pre-exponential factor A. 

 

Invariant kinetic parameters (IKP) method:  

The values of the activation energy obtained for various f  ) for single non-isothermal curve are correlated through 

the compensation effect [33]. 

ln inv  a    b  inv (6) 

The above Equation 6 represents a linear relationship between lnAinv and Einv [34], any increase in the magnitude of 

one parameter is offset, or compensated, by appropriate increase of the other. The compensation effect parameters a  

and b  were obtained from intercept and slope of linear plot between lnAinv versus Einv at different heating rates. 

These parameters follow an Equation 7. 

a   ln inv- b  inv (7) 

The plot of a  versus b  gives the true values [35] of Einv and lnAinv obtained from the slope and intercept of the plot, 

respectively. 

 

Determination of Pre-Exponential (frequency) Factor and Decomposition Kinetic Model 
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Based on the apparent activation energy (Ea) and reaction  conversion) model [g  )]    value can be calculated from 

Equation 8  in accordance with dependence g  ) versus Eap x)/    

g  )   
  a

  
 p x) (8) 

Where g  ) is the integral form of the reaction model and p x) is the temperature integral  for x    a/RT, which does 

not have analytical solution. For calculating the value of A for the investigated decomposition process, the fourth 

rational expression of Senum and Yang [ 6] for p x) function was used  From the plot of g  ) versus  ap x)/    

frequency factor (A) can be determined from the slope of the linear plot. 

 

Thermodynamic Parameters 

The kinetic parameters, energy of activation (Ea) and pre-exponential factor (A) are obtained from Kissinger single 

point [29,37,38] kinetic method which uses the Equation 9, 

ln [
 

T 
 ]  ln [

  

 a
] -

 a

 T 
 (9) 

where Tm is temperature that corresponds to the maximum of d /dT. This ‘model-free’ kinetic method can be 

applied with a reasonable approximation without being limited to n-order kinetics [39], providing a single Ea value 

for each decomposition step. This is known as a Kissinger single point method. The reaction proceeds under 

conditions where thermal equilibrium is always maintained  and then a plot of ln   /Tm
2) versus1/Tm gives a straight 

line with a slope equal to –Ea/R. The thermodynamic parameters are determined according to literature method [39-

41]. 

RESULTS AND DISCUSSION 

Non-Isothermal TG and DTG Analysis 

The TG and DTG curves of FMABS and TMABS are obtained in a dynamic oxygen atmosphere at three different 

heating rates (10, 15 and 20 K min
-1

) are shown in Figures 1 and 2. Irrespective of different heating rates, FMABS 

was decomposed into two stages and the decomposition starts at 453 K and almost complete at 950 K (Figure 1). 

   

Figure 1: TG and DTG curves of FMABS at (a) 10 K min-1 (b) 15 K min-1and (c) 20 K min-1 heating rates in oxygen atmosphere 

TG curves show that FMABS is stable up to 450 K. The decomposition of FMABS, first stage starts at 458-666 K 

and ends at 688-709 K with the mass loss of 33% due to removal of furfuryl group (i.e., cal. 32%) and second stage 

starts at 688-709 K and ends at 872-948 K with the mass loss of 67% due to decomposition of sulfonamide group 

at different heating rates. The decomposition of TMABS proceeds into two stages (Figure 2). 
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Figure 2: TG and DTG Curves of TMABS at (a) 10 K min-1 (b) 15 K min-1 and (c) 20 K min-1 heating rates in oxygen atmosphere 

A large mass loss and sharp and broad peaks are observed in the DTG curves at different heating rates and the 

decomposition steps are found to be endothermic in nature. The decomposition of TMABS, first stage starts at 496-

520 K and ends at 679-698 K with the mass loss of 40% due to removal of thiophenylimine moiety and second 

stage starts at 679-698 K and ends at 839-893 K with the mass loss of  60% removal of phenyl sulfonamide group 

at different heating rates. 

Model-free Analysis 

All curves of non-isothermal TG analyses under an oxygen atmosphere are shown in Figures 1 and 2. From the TG 

curves of FMABS and TMABS, we calculated the activation energy for a different level of conversions using 

equation 4. The apparent activation energy determined from the slope of the linear plot at each degree of 

conversions, which are displayed in Figure 3. 

 

Figure 3: Slopes of the regression lines in the isoconversional plots for FMABS and TMABS (stages I and II) 

Flynn-Wall-Ozawa, Kissinger-Akahira-Sunose and Friedman isoconversional methods were used to determine 

apparent activation energy Ea. Ea values slightly constant in the conversion range of 0 15 ≤   ≤ 0 95  The applied 

isoconversional methods do not suggest a direct way for evaluating either the pre-exponential factor (A) or the 

analytical form of the reaction model f  )  for the investigated decomposition process of FM BS and TM BS  

Furthermore, the results indicate the independence of the apparent activation energy (Ea) on the extent of conversion 

  )  It helps not only to disclose the complexity of a decomposition process  but also to identify its kinetic scheme  

In the first stage decomposition of FM BS  the values of   ranging from 0.15 to 0.95 with an increment of 0.05 are 

chosen for kinetic calculations  The values of energy of activation corresponding to the values of   for the 

decomposition process obtained by Friedman, FWO and KAS are also obtained. It is seen that Ea value depends 

upon the extent of conversion   )  The average value is obtained using Friedman method Ea = 125.54  0.23 kJ mol
-1

 

(Friedman method). It clearly indicates that activation energy is obtained by Friedman method lower than KAS and 

FWO methods (129.20  4.69 kJ mol
-1

, KAS; 132.03  3.81 kJ mol
-1

, FWO). For stage II, the variation of Ea with   

for the decomposition is observed. 

The data indicate that the kinetics is likely to be governed by a single step reaction. The average value of Ea is 

148.93 ± 0.15 kJ mol
-1 

(Friedman method). From the, we concluded that Friedman method activation energy is lower 
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than the values of activation energies obtained by KAS and FWO methods (155.14 ± 6.02 kJ mol
-1

, KAS; 160.55 ± 

5.30 kJ mol
-1

, FWO). It is clear that the value of Ea increases with decrease in   value  0 15     0.95, KAS) and 

remains constant from 0.20 to 0.95. From the average value of Ea for each stage, the rate of decomposition is found 

to depend upon the nature of intermediate formed during the decomposition process, the rate of decomposition of 

first stage is faster than the second stage of this compound. Ea value decreases slightly in the conversion range of 

0 05 ≤   ≤ 0 95 for the first stage and increases slightly in the conversion range of 0 15 ≤   ≤ 0 95 for the second 

stage of the compound. 

It is seen that Ea value depends upon the extent of conversion    The average value of  a is 70.47 ± 1.24 kJ mol
-1

 

(FWO method), slightly higher than Friedman and KAS methods (67.74 ± 0.11 kJ mol
-1

, Friedman; 64.28 ± 1.05 kJ 

mol
-1

, KAS). In the second stage decomposition of TM BS   a values are slightly changed with   for the 

decomposition step is studied. 

The average value of Ea is 409.72 ± 0.40 kJ mol
-1

(Friedman method). It is evident that the Friedman method 

activation energy is higher than the values of activation energy obtained by KAS (Ea = 405.67 ± 4.74 kJ mol
-1

) and 

FWO (Ea = 398.79 ± 4.77 kJ mol
-1

) methods, from the Ea value we concluded that rate of decomposition in stage II 

is slower when compare to stage I. 

Model-Fitting Analysis 

After model-free analysis is performed, model-fitting can be done in these conversion regions where apparent 

activation energy is approximately constant which indicate that a single mechanism may fit. The non-isothermal 

kinetic data of FMABS at 0.20    0.95 where model-free analysis indicates that activation energy approximately 

constant, were then fitted into each of the 15 models [31]. 

Arrhenius parameters (Ea, ln A) for decomposition process, exhibit strong dependence on the reaction model chosen. 

The values of Ea (mean values are calculated by Friedman method) for FMABS and TMABS coincide with the 

values obtained by Coats-Redfern method. 

 

Invariant Kinetic Parameters (IKP) Method 

Criado and Morales have discussed that       T) or  d /dt)  T) experimental curve may be correctly described by 

several degrees of conversion functions (). The different values of activation energy lead to the use of an integral 

or differential model-fitting method. The kinetic parameters are obtained with high accuracy, values change with 

different heating rates and conversion functions. In the present study, the Coats-Redfern model-fitting method was 

chosen [31]. The apparent activation parameters obtained for each heating rate of the best-fitting kinetic models. 

Plots of ln A versus Ea for the thermal decomposition in airflow for FMABS and TMABS are noted.The evaluation 

of the invariant kinetic parameters is performed using the super correlation Equation 7. The plot of a  versus b , 

obtained for three different rates, is a straight line, from which lnAinv and Einv are determined. The detailed images of 

the plots for FMABS and TMABS (stages I and II), show the incompatibility of few models among all other 

conversion functions, although its apparent parameters were obtained with high correlation coefficients. 

For FMABS in stage I, AKM-{D1}, the plot of ln A versus Ea has the highest correlation coefficient and is a straight 

line. The invariant kinetic parameters Einv = 142.25 ± 26.46 kJ mol
-1

and lnAinv = 28.74 ± 6.06 (A min
-1

) are obtained 

linear plot with r = 0.983. For these groups the invariant activation energy is high 142.25 ± 26.46 kJ mol
-1

, compared 

to Friedman, KAS and FWO methods (125.54 ± 0.23 kJ mol
-1

, Friedman; 129.20 ± 4.69 kJ mol
-1

, KAS; 132.03 ± 

3.81 kJ mol
-1

, FWO). Thus, for second stage decomposition AKM-{D1; D2; D3}, the invariant kinetic parameters 

Einv = 162.59 ± 2.48 kJ mol
-1

 and lnAinv = 22.10 ± 0.38 (A min
-1

) were obtained from linear plot with r = 0.999. For 

these groups, the invariant activation energy is slightly higher than156.76 ± 8.87 and 148.93 ± 0.14 kJ mol
-1

 (KAS 

and Friedman methods), close to value obtained by FWO method Ea = 162.04 ± 7.98 kJ mol
-1

. From the apparent 

activation energy values, we confirmed that the rate of decomposition of first stage is faster when comparing to 

second stage of FMABS. For TMABS, in stage I for AKM-{D1; D2; D3}, the plots of lnA versus Ea have highest 

correlation coefficient, from the slope and intercept a  and b  are obtained, we determined invariant kinetic 

parameters Einv = 68.06 ± 1.05 kJ mol
-1

 and lnAinv = 12.05 ± 0.22 A min
-1

 with r = 1.000. For these groups, the 

invariant activation energy is almost equal to 68.06 ± 1.05 kJ mol
-1

 compare to Friedman, FWO and KAS methods 

(67.74 ± 0.11 kJ mol
-1

, Friedman; 70.19 ± 1.73 kJ mol
-1

, FWO; 64.03 ± 1.51 kJ mol
-1

, KAS). For TMABS, in stage 

II AKM-{D1; D2}, the plots of lnA versus Ea at different heating rates have the highest correlation coefficient and 

gave straight line. Plots of a  versus b , invariant kinetic parameter Einv = 388.06 ± 0.44 kJ mol
-1

and lnAinv = 55.67 ± 

0.07 A min
-1

 with r = 1.000. For these groups, the invariant activation energy 388.06 ± 0.44 kJ mol
-1

 is slightly 

lower to determine by FWO, KAS and Friedman methods (397.03 ± 8.59 kJ mol
-1

, FWO; 403.88 ± 8.68 kJ mol
-1

, 



J Venkatesan et al   J. Chem. Pharm. Res., 2017, 9(9):199-209 

__________________________________________________________________________________________ 

205 

 

KAS; 409.70 ± 0.39 kJ mol
-1

, Friedman). The rate of decomposition of first stage is faster when compare to second 

stage of TMABS, due to energy of activation is higher for stage II. 

 

Kinetics Model Determination 

The most suitable kinetic model for decomposition process of FMABS, F2 (second-order) and F1 (Mampel) for 

stages I and II  respectively  By introducing the derived reaction models g  )    1– )
-1

-1 and g  )   -ln (1- )  the 

following equations [42] is obtained. 

(1– )-1-1 = 

p(x)
Rβ

AEa

 (10) 

-ln (1- )   

p(x)
Rβ

AEa

 (11) 

The plot of (1– )
-1

-1 against Ea p x)/   at the different heating rates is shown in Figure    and the most suitable 

model for the decomposition process is second order model F2. The activation energy Ea = 125.54  0.23 kJ mol
-1

 

and the frequency factor were found to be A = 3.03  10
12

 min
-1

 (ln A = 28.74). The obtained value of ln A 

coincides with the average value of Friedman isoconversional intercept ln [A f  )]   2   9  The plot of -ln (1- ) 

against Ea p x)/   at the different heating rates is shown in Figure 5  The activation energy Ea =148.93  0.14 kJ 

mol
-1

 and frequency factor A = 3.96  10
9
 min

-1
 (ln A = 22.10) are determined by IKP method. The obtained value 

of ln A coincides with the average value of Friedman isoconversional intercept ln [A f  )]   20 5   

The most probable kinetic model for decomposition of TMABS in stages I and II are A3 (Avrami- rofe’ev) model 

and F2  Second order)  By introducing the derived reaction model g  )   [-ln(1– )]
1/3

 and g  )    1– )
-1

-1, the 

following equations [42] are obtained. 

[-ln(1– )]
1/3

 = 

(x)p
Rβ

AEa

 (12) 

(1– )
-1

-1 = 

p(x)
Rβ

AEa

 (13) 

The plot of [-ln(1– )]
1/3

 against Ea p x)/   at the different heating rates is shown in Figure 6. From the slope of the 

plot, the frequency factor is obtained as A = 1.71  10
5 

min
-1 

(ln A = 12.05). The value of ln A coincides with the 

average value of Friedman isoconversional intercept ln [Af  )]   1  10 The plot of  1– )
-1

-1 against Ea p x)/   at 

the different heating rates is constructed in Figure 7 and from the plot, frequency factor is obtained as A = 1.50  

10
24

 min
-1

 (ln A = 55.67). For Second order F2 model and the obtained value of ln A is in good agreement with 

Friedman isoconversional intercept ln [Af  )]   58 81  

From the data, it can be observed that very good agreement exists between the calculated value of A and that 

estimated from Equation 8. The corresponding kinetic equation for describing the non-isothermal decomposition 

process of FMABS and TMABS is given by: 

for FMABS stage I 

dT

d


 = 

212 α)1( 
RT

125.54
exp1003.3 










 (14) 

for FMABS stage II 

dT

d


 = 

)α1( 
RT

148.93
exp1096.3 9 










 (15) 

where, (1– )
2
 and (1– ) represent the differential form of F2  second-order) andF1 (first-order) reaction model for 

stages I and II, respectively. It indicates that each decomposition stage followed different mechanisms and 

decomposed in different rates because the energy of activation is different for each stage. 

for TMABS stage I 
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dT

d


=

2/35 α)]-α)[-ln(13(1 
RT

67.74
 exp101.71 










 (16) 

for TMABS stage II 

dT

d


 = 

2α)(1 
RT

409.70
 exp101.50 24 










 (17) 

Where, 3(1– )[–ln(1– )]
2/3

 and (1– )
2
 represent the differential form of A3 (Avrami- rofe’ev) and F2 (second-

order) reaction model for stages I and II, respectively. It indicates that each decomposition stages followed different 

mechanisms and decomposed in different rates because the energy of activation is different for each stage. Chen et 

al. have reported carbon mono fluoride decomposed under F1 model [  ]  2’‐amino‐6’‐(1Hindol‐3‐yl)‐1‐methyl‐2‐
oxospiro‐ [indoline‐   ’‐pyran]‐ ’ 5’‐dicarbonitrile decomposed under F2 kinetic model [44] and decomposition of 

4-((4-fluoro-3-phenoxybenzylidene)amino)benzene sulfonamide under F2 and F1 models [45]. 

 

Thermodynamic Parameters 

The kinetic parameters, energy of activation and pre-exponential factor were obtained from Kissinger [29] single 

point kinetic method. Based on the values of activation energy and pre- exponential factor, the values of S

, H


 

and G

 for the formation of activated complex [46-48] from the reactant were calculated and listed in Table 1. 

These values were obtained from the DTG curves. These peak temperatures are used to evaluate single point kinetic 

parameters. 

Figure 4: Plot of [(1–α)–1–1]against Ea p(x)/R for the decomposition of FMABS at different heating rates () (Stage I) 

Figure 5: Plot of [-ln (1–α)]against Ea p(x)/R for the decomposition of FMABS at different heating rates () (Stage II) 
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Figure 6: Plot of [-ln(1–α)]1/3against Ea p(x)/R for the decomposition of TMABS at different heating rates () (Stage I) 

 

Figure 7: Plot of [(1–α)–1–1]against Ea p(x)/R for the decomposition of TMABS at different heating rates () (Stage II) 

Table 1: Values of kinetic and thermodynamic parameters for the thermal decomposition of FMABS and TMABS (stages I and II) in 

oxygen atmosphere 

Parameter 
FMABS TMABS 

Stage I Stage II Stage I Stage II 

Ea/kJmol-1 124.54 ± 0.57 143.85 ± 20.26 74.73 ± 0.73 385.19 ± 37.77 

ln A/Amin-1 28.11 ± 4.35 19.05 ± 10.63 14.10 ± 4.63 55.53 ± 13.87 

ΔG≠/kJmol-1 132.98 226.08 154.25 211.93 

ΔH≠/kJmol-1 120.15 136.69 69.78 378.27 

ΔS≠/Jmol-1 -24.3 -103.71 -141.73 199.93 

r -0.999 -0.99 -0.999 -0.995 

As can be seen from Table 1, the value of S for the compound is negative value for stage I. It means that the 

corresponding activated complexes were with higher degree of arrangement than the initial stage [42]. The 

calculated Ea value coincides with invariant kinetic parameters. The positive values of H and ∆G [49,50] for 

these compounds show that they are connected with absorption of heat and non-spontaneous processes [47,48]. 

CONCLUSION 

In this study  thermal stabilities and decomposition mechanisms of two heterocyclic sulfonamide Schiff’s base 

compounds were investigated. As a result of these studies, it was concluded that the thermal stabilities of the 

compounds depends on substituted heterocyclic group (Furan and thiophene) in their position. FMABS and TMABS 

are decomposed in two stages with absorption of heat. Activation energies of two stages of obtained compounds 

could be determined from a model-free method. Since the activation energy values varied with the different degree 

of conversion levels, the average activation energy values were used to interpret decomposition mechanism models 

for each stage. The decomposition kinetic model for each stage (I and II) of the compounds FMABS is F2and 

F1,TMABS is A3and F2 could be determined. The decomposition of both compounds in the first stage is high and 

the corresponding energy of activation is also low compared to second stages. The free energy change is positive for 

all the stages which indicate that the decomposition is a non-spontaneous process. 
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