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ABSTRACT

 The current approach involves the kinetic investigation of Thiobenzamide (TB) and 
cyclohexanone thiosemicarbazone (CTSC) in solution with 3-chloroacetylacetone(3-CAA). The study 
revealed a second-order rate constant with respect to both reactants, thioamide and an α-halo carbonyl 
compound. The energy of activation (Ea) was found to be Ea 48.8176kJ/mol/K for thiobenzamide 
and 33.08692157 kJ/mol/K for Cyclohexanone thiosemicarbazone. The salt effect study showed the 
formation of ionic species during the reaction. The reactions were studied with respect to changes in 
dielectric constant using solvent systems like water-ethanol and water-isopropanol. 
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INTRODUCTION 

 Hantzsch thiazole cyclization is the crucial 
synthetic route for thiazole-containing compounds 
which have numerous applications. Thiazoles are 
found in a variety of natural products, including 
carboxylase vitamin B1, thiamine pyrophosphate 
(TPP), and penicillin1, many of the compounds 
which are in current clinical use for bacterial 
infection2, allergies3, HIV infections4, hypertension5, 
as hypnotic agents6, schizophrenia7 and pain8 and 
inhibition of bacterial DNA gyrase B9 possess 
thiazole as part of the structure. Thiazole anchored 
molecules exhibit antifungal10, anti-inflammatory11-12, 
analgesic13, anticonvulsant14, anti-cancer15-16 and 
antimicrobial17-19 properties also.

 The current work reports on pH metric 
measurements of the cyclisation of thioamides 
and 3-choroactylacetone in a water-ethanol 
system to observe the concentration of H+ ion in 
the solution phase.

 Available literature shows that so far 
very less work has been carried out on the 
kinetics of thiazole formation. We previously used 
3-chloroacetylacetone and substituted thioureas to 
investigate thiazole formation20. The reaction between 
3-chloroacetylacetone and thioamides is still to be 
reported. As it is unexplored for its kinetic aspect, it 
must be studied for the same. In 1884, Van't Hoff21 
proposed a method for calculating rates based on the 
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slope of a concentration versus a time plot.

   (1)

 The cage model was utilized by Robinowitch22 
to improve the collision theory for second-order 
processes in solution. According to the transition state 
theory23, which gives a straightforward way of putting 
together reaction rates and how the process occurs. 
According to Erying and Laidler24, the energy barrier 
is required for product formation, which provides 
the activation energy through the development of 
the activated complex. The energy of activation Ea 
and preexponential factor-A are computed using the 
Arrhenius equation in the solution phase reaction as 
the temperature is varied25. 

  (2)

 It was estimated the activation energy, 
preexponential factor, activation entropy, and free 
energy.

 (3)

For bimolecular reaction,

Ea = ΔH0 + 2RT

 The solvent binding is shown to restrict the 
free movement of molecules by negative entropy26. 
When entropy is lost, an activated complex is 
generated.

 According to the salt effect, when the 
interacting species are oppositely charged, the rate 
drops as the ionic strength increases.

I = 1/2 ∑cizi
2  (4)

Debye and Huckel27 and Bronsted28

log k/ko = 1.02zA zB √I  (5)

 Logk and √I (mol dm-3) A straight line 
with a slope of 1.02zAzB is seen in the graph. 
The rate-determining phase of the reaction is 
between oppositely charged species, which has 
a negative slope29,32 and indicates that oppositely 

charged species are present in the reaction. The 
data influence of the dielectric constant is explored  
by Akerlof30, and the data is used in this study. 
The dielectric constants for the composition of 
water-ethanol and water-isopropanol systems were 
obtained using the supplied standard graph. 

 Us ing the doub le  sphere model , 
Scatchard's31 equation is employed for the mixed 
solvent with variable dielectric constant, according 
to electrostatic theory. The logarithm of the rate 
constant plotted against the reciprocal of the 
dielectric constant yields a linear curve24. It has been 
observed that there is some variation from linearity 
at low values of dielectric constants.

  (6)

Scheme 1. Reaction between thioamide with 3-chloroacetyl 
acetone
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MATERIALS AND METHODS

 A digital pH meter was used to determine 
the change in pH with the progress of the reaction. 
(EQUIPTRAONICS, EQ-614A). All of the reagents 
employed were analytical reagents. Glass distillated 
water and pure alcohol were used to perform the 
experiment.

ExPERIMENTAL

 Four different parts were carried out for the 
kinetic study of the reaction.

Effect of concentration
 To evaluate the order of reaction in the 
case of -halo ketone, the reaction was carried 
out with various concentrations of α-halo ketone 
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while maintaining the concentration of thioamide 
constant (0.05N) at 300K. By plotting a graph of H+ 
concentration versus time in minutes, the dc/dt values 
were calculated. By drawing a tangent at a specific 
time, the values of dc/dt were computed, as well as 
the sequence of reactions for each reactant. The 
slope of the log dc/dt graph versus and found to be 
nearly one. With respect to 3-chloroacetyl acetone, 
this observation shows that the reaction is first order.

Effect of variation of temperature
 The reaction between two different 
substituted thioamides and 3-chloroacetyl acetone 
was studied kinetically using equal concentrations 
at 300K, 303K, 308K, 3013K, 318K, and 323K. The 
activation energy (Ea)reactions were determined by 
plotting 1/T vs log k.

Effect of salt addition
 The reaction between two dist inct 

substituted thioamides and 3-chloroacetyl acetone 
was studied kinetically using equal amounts of 
sodium chloride and lithium chloride at 300K. The 
slope of the plot of √µ versus log k is negative.

Effect of solvent
 The react ion between two dist inct 
substi tuted thioamides and 3-chloroacetyl 
acetone was studied kinetically at 300K utilizing 
the Water-Ethanol and Water-Isopropyl alcohol 
systems at equal concentrations. By using the 
double sphere mechanism, plotting 1/T vs log k 
gives a negative value, which indicates the dAB 
distance between two ions.

Table 1: Order of the reaction with respect to one 
reactant

Reactants Order  Reactants Order 

TB change 1.1471  CTSC change 1.10872
3-CAA change 0.5339  3-CAA change 1.17052

Table 2: Temperature effect and thermodynamic parameters: Thioamide 
reacts with 3-chloroacetylacetone 

Temperature(0C) EakJ/mol/K ∆H*kJ/mol/K ∆S*kJ/mol ∆G*kJ/mol

Thiobenzamide 48.8176 43.8292 -0.1282 82.3009
Cyclohexanone 33.0869 28.0985 -0.1635 77.1645
Thiosemicarbazone

Table 3: Rate constants for salt effect (dm3mol-1s-1)

Concentration/Salt effect  0.1N 0.2N 0.3N 0.4N

TB and 3CAA (NaCl) 5.34X10-3 5.09X10-3 4.86X10-3 4.12X10-3

TB and 3CAA (LiCl) 4.61X10-3 3.76X10-3 3.53X10-3 3.37X10-3

CTSC and 3CAA (NaCl) 2.85 X10-2 2.12 X10-2 2.02 X10-2 1.82 X10-2

CTSC and 3CAA (LiCl) 1.90 X10-2 1.74 X10-2 1.58 X10-2 1.39 X10-2

Table 4: Rate constant in the water-ethanol system (dm3mol-1s-1)

TB and 3-CAA reaction Rate (Water-Ethanol system) Rate (Water-Isopropanol system)

              85-15 1.73 X10-3 3.31 X10-3

              75-25 1.87 X10-3 3.46 X10-3

              65-35 2.27 X10-3 3.93 X10-3

              55-45 2.79 X10-3 4.33 X10-3

Table 5: Rate constant in the water-Isopropanol system (dm3mol-1s-1)

CTSC and 3-CAA reaction Rate (Water-Ethanol system) Rate (Water-Isopropanol system)

               85-15 1.55 X10-2 6.38 X10-4

               75-25 2.06 X10-2 7.60 X10-4

               65-35 2.19 X10-2 9.88 X10-4

               55-45 2.34 X10-2 1.37 X10-3
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General mechanism and rate expression are 
proposed

moieties are involved in the reaction, as seen 
by the negative slope of 1/T versus log k. (Table 
3, Fig. 5, 6). The dAB is obtained by plotting the 
1/T vs log k values (distance between two ions 
by double sphere mechanism). The reaction is 
faster in the water-isopropyl alcohol system than 
in the water-ethanol system.  (Table 4,5   Fig. 7, 
8, 9). According to the kinetic theory of collision, 
if the ions are of opposite sign, the frequency will 
increase due to the attraction force. 

Fig. 1. Rate constant for the second-order reaction 
between α-halo ketone with thioamides

RESULT AND DISCUSSIONS

 U s i n g  Va n ' t  H o f f ' s  d i f f e r e n t i a l 
method, the plot of log (dc/dt) against log 
3-chloroacetylacetone and log thioamide is a 
straight line with a slope of nearly one with respect 
to both, and the stoichiometric study suggested 
that one mole of thioamide reacts with one mole 
of 3-chloroacetylacetone. (Table 1, Fig. 1, 2). 
The reaction takes place in a two-step sequence. 
As the reaction is performed at moderate 
temperatures and no free radical initiators 
are used, there is no possibility of free radical 
formation. The second-order rate constants 
were investigated at various temperatures. Other 
thermodynamic parameters were derived by 
studying the reaction at various temperatures. 
The energy of activation (Ea) was established 
by producing a graph of log k versus 1/T. (Table 
2, Fig. 3, 4). The reaction's entropy of activation 
(S*) is negative, indicating that the transition state 
is inflexible. When (H*) is negative, the reaction 
is exothermic. The reaction is exothermic when 
(H*) is negative. The activation entropy (S*) is 
negative, indicating that less stable noncyclic 
reactants transform into stable cyclic products. 
The activation entropy has a negative value, 
indicating stiffness in the transition state. The 
reaction could happen between ions with the 
same charge. The nucleophile and electrophile 
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Fig. 5. Temperature change of the reaction between 3-Chloro 
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Fig. 9. Solvent effect on 3-Chloroacetylacetone and Cyclohexanone thiosemicarbazone

CONCLUSION

• Using Van't Hoff's differential approach, the 
reaction between 3-chloroacetylacetone 
and thioamides is kinetically examined to 
establish second-order rate constants.

• The second-order rate of the reaction is also 
shown by the rate law.

• Rate of the reaction is directly proportional to 
temperature. At lower temperature reaction 

rate will be slowed down.
• Negative entropies cause the open-chain 

compounds to form a cyclic molecule. It is 
possible to have nucleophilic addition and 
addition–elimination processes.

•  There is a reaction between oppositely charged 
moieties such as nucleophile and electrophile.

•  As the dielectric constant rises, the rate rises 
as well. In comparison to the ethanol-water 
system, the isopropyl alcohol-water system 



1036ZAWARE et al., Orient. J. Chem., Vol. 38(4), 1031-1036 (2022)

has a high-rate constant.
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