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ABSTRACT 
In this research, Copper oxide nanoparticles were chemically prepared and investigated for their potency as a 
catalyst for the kinetic, mechanistic, and thermodynamic study of the oxidation of vilazodone hydrochloride (VLH) 
using chloramine-T in Hydrochloric acid medium was performed at 303K.  The prepared nanoparticles were 
subjected to scanning electron microscopy (SEM) to study the morphological features, to structural analysis by X-
Ray diffraction (XRD), and for composition of metal oxides by energy-dispersive X-ray spectroscopy (EDX).  
Oxidant followed first-order dependence in both the copper oxide-catalyzed and uncatalyzed reactions. The reaction 
rate showed a fractional-order dependence on [H+], as revealed by kinetic analysis, and on [VLH] concentration.  
The order followed by the catalyst copper oxide nanoparticle was fractional.  The reaction products were identified.  
The stoichiometry of the reaction was found to be 1:1 in both cases.  The rate of a reaction remained unchanged for 
halide ions in both cases.  Spot testing was used to identify the oxidation products. Ionic strength had a negligible 
effect in both cases.  Thermodynamic parameters were computed.  The kinetic law was formulated by considering 
the reaction pathways. 
Keywords: Vilazodone hydrochloride, Copper Oxide nanoparticle,  Kinetics, Chloramine-T, Oxidation, SEM, XRD. 
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INTRODUCTION 
In today’s world, nanoparticles have numerous applications.  Researchers are exploring new uses for 
nanoparticles. Because of its exceptionally small size and high surface area relative to its volume, they 
exhibit unique chemical, physical, and biological characteristics. Nanoparticles can potentially be 
composed of various materials that include metals, ceramics, and biomolecules.  Currently, metal oxides, 
metals, ceramic silicates, and polymer nanoparticles have been prepared and have many potential 
applications.1,2Copper nanoparticles exhibit promising applications in diverse fields, including 
electronics, optics, and medicine, and the manufacture of lubricants, Nano-fluids, conductive films, and 
antimicrobial agents.3,4 Nanoparticles of Copper oxide were prepared at a low cost by the sol-gel method5, 
Chemical Co-Precipitation method6, Hydro-thermal method7, Green synthesis,8 and Biosynthesis 
method.9 

Vilazodone Hydrochloride (VLH) is named as 5-[4-(5-cyano-1H-indol-3-yl) butyl] piperazine-1-yl] 
benzofuran-2-carboxamide hydrochloride.  It received FDA (Food and Drug Administration) approval in 
January 2011 for Major Depressive Disorder (MDD) treatment.  Vilazodone hydrochloride is one of the 
novel dual-acting serotonergic antidepressants that binds the effect of an SSRI (Selective Serotonin 
Reuptake Inhibitor)with 5-HT1A-receptor partial agonist activity. It is observed to improve anxiety 
symptoms in patients and maintains a consistent response among patients with major clinical depression.10- 
13  

Sodium-N-chloro-4-methylbenzenesulfonamide, widely known as Chloramine-T (CAT), is a potent N-
halogenated amine compound. It is a mild, effective, stable, inexpensive, and non-toxic mild oxidizing 
agent.  It is a versatile oxidizing agent with diverse applications.  CAT displays diverse kinetic behavior, 
resulting from the pH-dependent formation of various oxidizing species.  The oxidation-reduction potential 
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of CAT exhibits a pH-dependent decrease.14-16 The Kinetic, mechanistic, and thermodynamic aspects of 
many of its redox reactions weredocumented.17-19A literature review revealed that only pharmacological, 
clinical, and spectrophotometric methods for Vilazodone hydrochloride have been reported.20-22 A kinetic 
and mechanistic investigation of copper oxide nanoparticle catalyzed and uncatalyzed oxidation of 
Vilazodone hydrochloride by CAT was not reported.In this manuscript, we report a kinetic, mechanistic, 
and thermodynamic study of the copper oxide nanoparticle-catalyzed and uncatalyzed oxidation of 
Vilazodone hydrochloride using Chloramine-T in a medium containing Hydrochloric acid medium. 

 

EXPERIMENTAL 
Materials and Methodology 
Copper oxide nanoparticles were prepared using copper chloride salt by the sol-gel method, as reported 
by Hadeel K. Thanoon etal.  To the stirred solution of 0.2M CuCl2.2H2O, 1ml of glacial acetic acid is 
added, and then the solution is heated nearly to 100 oC and NaOH solution is added to the stirred mixture 
to maintain a pH of 7.  The Color of the solution transforms from green to black, and a black precipitate 
forms immediately.  Wash the precipitate with de-ionized water several times and dry it at room 
temperature. A fresh solution of VLH was made for each experiment by dissolving the necessary amount 
of VLH in deionized water. Deionized water was used to prepare an aqueous CAT (E. Merck), and its 
strength was determined by iodometric titration. And to prevent photochemical deterioration and the 
solution was stored in a brown glass bottle in the dark.  Copper chloride salt was used to prepare the 
Copper oxide nanoparticles via a sol-gel method. A solution of copper oxide was prepared using doubly 
distilled water. For the remaining work, analytical-grade solutions were utilized, and their solutions had 
been freshly prepared using double-deionized water. Methyl alcohol was used to alter the dielectric 
constant. The solution of Hydrochloric acid is used to examine the effect of acid concentration. To study 
the impact of halide concentration, a sodium chloride solution was introduced.  Sodium perchlorate 
solution was used to ensure a constant ionic strength throughout the reaction. 
 

Kinetic Measurements 
Kinetic study of the oxidation process between VLH and Chloramine-T was performed under conditions 
of pseudo-first-order kinetics [VLH] 0>> [CAT] 0 in copper oxide nanoparticle catalyzed and also in 
uncatalyzed reactions.  The progress of the CuO nanoparticle catalyzed and uncatalyzed oxidation 
reaction was examined by evaluating the reduction in the maximum absorbance for oxidant CAT 
(λmax=260nm).  Absorbance values of all the reactions were measured and recorded on a 
spectrophotometer (ThermoScientific), Instrument model GENESYS 150 (Fig.-1). 

 

 
Fig.-1: UV-VisibleSpectral Analysis for Various Reactant Combinations. 

(a) CAT, (b) CAT + CuO + VLH +Cl-+ H+, (c) CuO + VLH + Cl-+ H+,(d)CAT + VLH + Cl-+ H+ 

 

The kinetic runs were conducted at 30±0.1oC.  The reaction mixture, containing the necessary amounts of 
solutions of VLH, HCl and NaCl along with double-distilled water to maintain a consistent volume 
(100ml) for all different kinetic runs, was kept at a constant temperature of 303K.  In a separate reagent 
bottle, the CAT solution was maintained at an identical temperature. An accurately measured volume of 
pre-equilibrated CAT solution was introduced into the reaction mixture, and the resulting mixture was 
thoroughly homogenized.  The course of the reaction was carefully observed and monitored through 
regular withdrawing aliquots (5ml) of the reaction mixture by estimating unreacted CAT iodometrically 
for uncatalyzed reaction.  The catalyzed reaction was studied by mixing CAT with VLH, which contains 
HCl, NaCl, and Copper oxide solution. To investigate the reaction’s course, measurements were taken at 
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different time intervals.  Rate constants for the Pseudo-first order reaction for Nano particle catalytic (kC) 
and uncatalytic (kU) reactions were evaluated based on the linearity plots of log [CAT] against time were 
repetitive within ±2%.The rate constant for the pseudo-first-order reaction was investigated in every 
condition by plotting a graph of absorbance versus time, throughout three half-lives. It retains a linear 
shape. The observed rate constant is independent of the chloramine-T concentration under pseudo-first-
order conditions. 
 

 
Fig.-2: Pseudo-First-Order Plots for different Concentrations of CAT 

 

Stoichiometry and Product Validation 
The kinetic reaction solution contained one molar quantity of VLH and one molarquantity of CAT in the 
presence of HCl, NaCl in an uncatalyzed reaction, and copper oxide in a Nano-catalyzed reaction was 
equilibrated under stirred conditions at 303K for about 24 hours. Unreacted oxidant (CAT) was estimated 
iodometrically using starch as an indicator. The results support a stoichiometric ratio of 1:1 between 
substrate and oxidant, as shown below, 
 

                                                         CuO 
C26H27N5O2+PTSO2NClNa+H2O                   C13H12N2O + C13H15N3O2+PTSO2NH2+ HCl + Na+ +H+ 
Where PT = CH3C6H4                                                                                                                            (1) 
 

Once the reaction had finished, the product was extracted using diethyl ether. The ether layer contained 
oxidation products of substrate VLH,3-(4-oxobutyl)-1H-indole-5-carbonitrileand 5-(piperazin-1-
yl)benzofuran-2-carboxamide, which were extracted with aqueous sodium hydroxide solution and 
identified via TLC spot test and product confirmed by Tollen's reagent test and alkaline hydrolysis, 
respectively. The product formed through reduction was Para-Toluene Sulfonamide, was isolated via 
ethylacetate extract ion and identified using TLC. 
 

RESULTS AND CONCLUSION 
Scanning Electron Microscopy (SEM) 
SEM characterization revealed the surface morphology of the nanoparticles. Figure-3 represents a 
scanning electron microscopy image of the synthesized copper oxide nanoparticle. 
 

 
 

Fig.-3: SEM images of CuO Nanoparticles 
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Energy-Dispersive X-ray Spectroscopy (EDAX) 
EDAX is a technique that was utilized to determine the elemental composition of nanoparticles.  The 
EDAX spectrum of the synthesized copper oxide nanoparticle is shown in Fig.-4. 
 

 
Fig.-4: EDAX image of CuO Nanoparticle 

X-ray Diffraction (XRD) 
The technique of XRD is employed to study the crystal structure and phase composition of nanoparticles.  
Figure-5 shows the XRD pattern of the nanoparticle copper oxide.  
 

 
Fig.-5: XRD Image of Copper Oxide Nanoparticle 

 

Reactants Concentration Effect onthe Rateof a Reaction 
Reaction studied under Pseudo-first order kinetics, that is [Substrate] >> [oxidant] by varying the 
concentration of CAT at constant temperature and at constant [VLH],[HCl], [NaCl], and CuO solutions.  
The log [oxidant] against time plots exhibited a linear relationship, indicating that the rate followsfirst-
order kinetics dependent on oxidant concentration in the absence and presence of Nano-catalyst.  From 
the linear plots, pseudo-first-order rate constants were readily determined (Table-1). The invariance of the 
rate constant kC / kU with changing oxidant concentration provides additional evidence for the first-order 
kinetics of the reaction rate on [CAT].  With identical conditions and experimental parameters, the 
concentration of VLH was varied, and the rate constants for both catalyzed and uncatalyzed reactions 
increased with increasing concentration of VLH (Table-1). The linearity graph of log kC / log kU against 
log [VLH] (Fig.-6), having a slope of 0.53 for un-catalyzed reaction, indicates fractional-order 
dependence on [VLH], and the Nano-catalyzed reaction indicates fractional-order dependence on [VLH] 
with a slope of 0.57.  The rate constants kC/ k U were calculated, and details are summarized in Table-1. 
 
Influence of Acid Concentration 
The kinetic study was conducted by varying [HCl] while maintaining all other reaction parameters 
constant.  Reaction rate increased with HCl concentration (Table-1) for both Nano-catalyzed and 
uncatalyzed reactions. Graph of log k C / log k U v/s log [H+] (Fig.-7) was linear with a positive slope of 
0.42 and 0.65 for un-catalyzed and copper oxide nano-catalyzed reactions, respectively, showing 
fractional reaction order dependence on [H+]. 
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Fig.-6: Graph of log k U / k C against log [VLH] 

 
 

 
 

 

 

Fig.-7: plots of log ku / k c versus log [H+] 
 

Influence of Halide Ions on Rate 
The variation in chloride ion concentration on reaction rate for both cases was examined by altering the 
amount of NaCl solution at constant [CAT], [VLH], HCl, CuO, and temperature. The rate of Nano-
catalyzed and uncatalyzed reactions increased with the increasing concentration of NaCl solution (Table-
1).  Graph of log kc / log ku against log [Cl-] (Fig.-8) showed a linear relationship with a slope of 0.36 and 
0.37 for un-catalyzed and Nano-catalyzed reactions, respectively, confirming fractional order dependence 
on halide ions.  

 
 

Fig.-8: Graph of log k U / k C against log [Cl-] 
 

Influence of Ionic Strength 
The ion concentration of the reaction medium was altered by adding NaClO4 (0.1-1.0 mol /dm3). The 
constancy of the reaction rate indicated that nonionic species play a crucial role in the rate-determining 
steps of both Nano-catalyzed and non-catalyzed reactions. 
 

Influence of Dielectric Constant 
The impact of dielectric constant on the reaction was examined by modifying the solvent composition 
with varying proportions ofmethyl alcohol (0-30%,v/v). For both reactions, it was found that higher 
dielectric permittivity (D) of the medium resulted in lower reaction rates (Table-2). The graph of 
logk C / log kU against 1/D (D is a dielectric permittivity) exhibited a linear dependence with a negative 
slope(Fig.-9).  
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Fig.-9: Graph of log kC/ kU versus 10 2/D 
 
 

Table-1: Influence of [CAT], [VLH], [H+], [Cl-], and [CuO] on rate studied at 303K for Nanoparticle Catalyzed 
Oxidation of VLH with Oxidant Chloramine-T in Hydrochloric Acid Media. 
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Influence of the Reduction Product PTS Concentration on the Rate 
Adding Para-touleneSulphonamide (1×10-3 -10×10-3 mol /dm3), the rate remained largely unaffected 
by the reduced form of the oxidant. This suggests that it does not participate in the pre-equilibrium 
step, both in Nano-catalyzed and uncatalyzed reactions. 
 

Influence of Nano Catalyst CuO on the Rate 
The concentration gradient of catalyst CuO was changed in the reaction mixture while maintaining 
constant [VLH], [HCl], [CAT], [Cl-], and temperature.  As the CuO concentration increased, the rate 
also increased accordingly from 8×10-6 to 40 ×10-6.  A fractional order dependence on the catalyst was 
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observed with a positive slope of 0.39 from the linearity plot of log kC versus log [CuO] (Fig.-10). 
 

 
Fig.-10: Plots of log kC versus log [CuO] 

Influence ofTemperature 

The temperature dependence of the kinetic reaction was examined by carrying out experiments over a 
range of temperatures (293K-313K), keeping the reaction experimental conditions constant.  It showed 
that a direct relationship exists between temperature and rate constant for both Nano-catalyzed and 
uncatalyzed reactions.  The reaction kinetic parameters were calculated from a linear Arrhenius graph of 
log kC / log kU against1/T (Fig.-11), and their values and rate constant are summarized in Table-3. 
 

 
Fig.-11: Graph of log kC / kU versus 1/T 

Table-3: Temperature Effect and Kinetic Parameters 
 

 

Detection of Free Radical Species 
Initiation of polymerization in aqueous acrylamide is not achieved with the kinetic reaction mixture. It 
shows the Non-involvement of free radical reactive species in the Nano-catalyzed and uncatalyzed course 
of the reaction. 
  
 

Catalytic Activity 
Under conditions of a catalyst, both the Nano-catalyzed and uncatalyzed reactions occur concurrently, the 
catalyst increasing the rate of reaction by providing a more energetically favorable pathway, as proposed 
by Moelwyn-Hughes.23 
That is,  

kc = ku + KC [Cu (II)]x,           (2) 
 

Here, kc signifies the rate constant for Nano-catalyzed reaction, kurefers to the rate constant of the 
uncatalyzed reaction, KC signifies the catalytic activity concerning Cu (II) catalyst. ‘x’ signifies the order 
of the catalyst Cu (II). Equation (2) enables the evaluation of KC values over a wide range of temperatures 
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313 30.99 5.92 logA 3.2 3.35 
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and is summarized in Table-4. 
The kinetic variables were determined by constructing an Arrhenius graph of log kc / ku concerning 1/T, 
allowing for the calculation of KC values. The variation in kinetic parameters between the nano-catalyzed 
and uncatalyzed reactions elucidates the significant impact of the Cu (II) on the reaction.  Complex 
formation occurs between substrate Vilazodone hydrochloride and catalyst copper oxide, indicating that 
the nano-catalyst copper exhibits a more reducing character than Vilazodone hydrochloride by itself. As a 
result, Cu (II) facilitates a change in the reaction pathway by reducing its energy of activation energy. 
 

 

Table-4: Values of the Catalytic Constant (KC) and Kinetic Variables 
 
 
 
 
 
 
 
 
 
 
 
 
 

Rate Law and Mechanism 
Mechanism for Uncatalyzed Kinetic Reaction 
Chloramine-T exhibits weak oxidizing properties in both alkaline and acidic media, facilitating a Bi-
electron transfer to generate products.  In aqueous solution, it displays strong electrolytic properties, but 
in acidic aqueous media, it undergoes the following equilibria, resulting in various ionized species.24-27 

 

 
Thus, in an aqueous mixture, CAT can generate various oxidative species, including 
CH3C6H4SO2NHCl,CH3C6H4SO2NCl2,and HOCl.  The absence of second-order kinetics concerning 
oxidant suggests that CH3C6H4SO2NCl2is not a reactive species.  Furthermore, the rate is not decreased by 
the addition of PTS.  Thus, HOCl is not the main reactant in the oxidation 
reaction.Therefore,CH3C6H4SO2NHClis regardedasthe primaryactiveoxidizingspecies.Inacidic 
media(pH<2),CH3C6H4SO2NHCl undergoes protonation to form CH3C6H4SO2NH2Cl+.28 

  CH3C6H4SO2NHCl + H+ CH3C6H4SO2NH2Cl                (8)  
 
Scheme-1 illustrates a proposed mechanism that accounts for the experimental results obtained during 
VLH oxidation using CAT.  In scheme-1, CH3C6H4SO2NHCl signifies the reactive oxygen species, VLH 
corresponds to the substrate, X and X1 represent the intermediate complex active species. The reaction is 
started via the generation of CH3C6H4SO2NH2Cl+ ion.  It reacts with the VLH molecule to give 
intermediate complex X.  Intermediate X, on dissociation to give complex X1 in rate rate-determining step 
with the elimination of HCl. The complex X1, on reaction with water, gives products. Reaction 
mechanism illustrated in Scheme-1. 
Shown in Scheme-1, X and X' are denoted complex active species, as predicted in Scheme-2, their 
structures are as follows: 
Let [CAT]t be the overall strength of  CAT, then  

Temperature    (K) KC × 103 Kinetic   Variables Values 
293 5.98 Ea(kJ /mol) 57.44 
298 10.94 ΔH≠ (kJ /mol) 54.92 
303 19.4 ΔS≠ (kJ /mol) -19.57 
308 23.8 ΔG≠ (kJ /mol) 60.85 
313 37.4 logA 11.90 
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[CAT]t = [PTSO2NH2Cl+] + [PTSO2NHCl] + [X]                                                            (1.1) 
Where, PT = CH3C6H4 

 
Based on reaction steps (i) and (ii) from Scheme-1, 

                                                                        (1.2)     

[PTSO2NHCl] = 
[ଡ଼]

୩భ୩మ[୚୐ୌ][ୌశ]
                                                                                                     (1.3) 

 
Upon substituting equations (1.2) and (1.3) in equation (1.1) and solving for [X], we obtain, 

[X] = 𝐤𝟏𝐤𝟐[𝐇శ][𝐕𝐋𝐇][𝐂𝐀𝐓𝐭]

𝟏ା𝐤𝟏[𝐇శ]ା 𝐤𝟏𝐤𝟐[𝐇శ][𝐕𝐋𝐇]
                                                                                              (1.4) 

 
As indicated by the slowest step of Scheme-1,  
Rate = k3 [x]                                                                                                                        (1.5) 
 
From equation (1.5), substituting for [X] in equation (1.4), we get, 

Rate =  
𝐤𝟏𝐤𝟐𝐤𝟑[𝐇శ][𝐕𝐋𝐇][𝐂𝐀𝐓]𝐭

𝟏ା𝐤𝟏[𝐇శ]ା𝐤𝟏𝐤𝟐[𝐇శ][𝐕𝐋𝐇]
                                                                                                    (1.6) 

The derived rate law successfully reproduces the experimental findings, including fractional-order 
dependence on [VLH], [H+], and the kinetics of the reaction is first-order in [CAT]. 
Since Rate = ku[CAT]t , equation (1.6) can be rearranged to give, 
 

Ku  = 𝐤𝟏𝐤𝟐𝐤𝟑[𝐇శ][𝐕𝐋𝐇]

𝟏ା𝐤𝟏[𝐇శ]ା𝐤𝟏𝐤𝟐[𝐇శ][𝐕𝐋𝐇]
                                                                                               (1.7) 

On rearranging equation (1.7), we get, 
ଵ

୩౫
  = 

ଵ

୩మ୩య[୚୐ୌ]
{

ଵ

୩భ[ୌశ]
+ 1} + 

ଵ

୩య
                                                                                                  (1.8) 

 

Graph of1/ku versus 1/[VLH], constructed from equations 1.7 and 1.8, yields straight lines, enabling the 
calculations of rate constantsk1, k2,and k3 from the slope and intercept values.
Changing the proportions of methyl alcohol (0-40% v/v) altered the dielectric constant of the medium. 
The negative slope of the log k' against 1/D graph indicates the occurrence of dipole-dipole interaction 
force in the reaction. The PTS (p-Toulenesulphonamide) fails to change the reaction rate in this work, 
indicating its absence in a pre-equilibrium step. The rate is independent of ionic strength, which suggests 
that non-ionic species play a crucial role in the slow step. Halide ion has a slightly positive effect on the 
rate. The calculated kinetic parameters provide strong evidence in support of the proposed mechanism. 
Moderate activation energies provide strong observations for the derived mechanism and are associated 
with the derived rate law. The relatively higher positive values of Gibbs free energy and enthalpy indicate 
that the transition state is extensively hydrated, and a high negative value of entropy suggests that the 
formation of an ordered associative transition state involves a reduction in degrees of freedom. 
 

Mechanism for Nano-Catalyzed Reaction 
The copper oxide nanoparticle catalyzed reaction of VLH by CAT in HCl medium exhibits similar 
stoichiometry to the uncatalyzed reaction. The reaction exhibited first-order kinetics for oxidant CAT. 
Fractional-order was foundfor both VLH and HCl. An increase in catalyst concentration was found to 
enhance the reaction rate. The order of reaction for the catalyst CuO is fractional order. The dielectric 
constant of the medium was examined by varying the concentration of Methyl alcohol.The dielectric 
constant has a slightly negative effect.  NaClO4 is added to the reaction mixture to assess the effect of 
ionic strength. No significant impact of ionic strength on the rate of a reaction, which suggests the 
participation of non-ionic species in the kinetic reaction.  In Copper oxide nanoparticle catalyzed 
oxidation of VLH requires one mole of CAT to oxidize one mole of VLH, confirming that 1:1 
stoichiometry. On the basis previous discussion, a proposed mechanism is outlined in the following 
Scheme-3. 
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.  
Scheme-2 

 
Scheme-3 

 
As shown inScheme-3, X'' and X''' are complex intermediates, and their structures are illustrated in 
Scheme-4.         
Let [CAT]tbe the overall effective concentration of the oxidant CAT, then  
 
[CAT]t = [PTSO2NH2Cl+] + [PTSO2NHCl] + [X'']       (3.1) 
 
From Scheme-3 of steps (i) and (ii), 

                    [PTSO2NH2 Cl+] = 
[ଡ଼ᇲᇲ]

୩ల[େ୳୓]
                                                                      (3.2) 

 

[PTSO2NHCl] = 
[ଡ଼ᇲᇲ]

୩ఱ୩ల[େ୳୓][ୌశ]
                                                                                  (3.3) 

 
Upon substituting equations (3.2) and (3.3) into equation (3.1) and solving [X''], we obtain 

[X''] = 
୩ఱ୩ల[ୌశ][େ୳୓][େ୅୘]౪

ଵା୩ఱ[ୌశ]ା୩ఱ୩ల[ୌశ][େ୳୓]
                                        (3.4) 

 
From rate rate-determining step of Scheme-3,  
Rate = k7 [x'']                                                                      (3.5) 
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By putting [X''], from equation (3.5) to equation (3.4), we get 

Rate =  
୩ఱ୩ల୩ళ[ୌశ][େ୳୓][େ୅୘]౪

ଵା୩ఱ[ୌశ]ା୩ఱ୩ల[ୌశ][େ୳୓]
                                              (3.6) 

 

The derived rate law was reliable with experimental observations.  The results indicate a first-order 
kinetic dependence on [CAT] and fractional-order kinetic dependences on [VLH], [H+], and [CuO] 
concerning the reaction rate. 
As Rate = kC[CAT]t, equation (3.6) can be modified into, 
 

Rate =  
୩ఱ୩ల୩ళ[ୌశ][େ୳୓]

ଵା୩ఱ[ୌశ]ା୩ఱ୩ల[ୌశ][୚୐ୌ]
                                        (3.7) 

 

]
                          On rearranging equation (3.7), we get, 

ଵ

୩ౙ
  = 

ଵ

୩ళ
{

ଵ

୩ల[େ୳୓]
(

ଵ

୩ఱ[ୌశ]
+ 1) + 1}                               (3.8) 

 
From equations (3.7) and (3.8), straight lines were obtained for a graph of 1/kc against 1/[VLH].   Values 
for the rate constantsk5, k6,and k7 were obtained by analyzing the slope and intercept. 
 

 
Scheme-4

CONCLUSION 
The Copper oxide nanoparticle catalyzed and uncatalyzed oxidation of the CAT-VLH oxidation-reduction 
reaction was studied in acidic medium using HCl.   A 1:1(equation 1) stoichiometric ratio has been 
determined for the oxidation reaction between VLH and CAT in both copper oxide Nanoparticles 
catalyzed and uncatalyzed conditions. The impact of halide ions, the impact of acid concentration, the 
impact of catalyst, the impact of oxidant, the impact of substrate, the influence of ionic strength, the 
influence of temperature, and the influence of dielectric constant on the kinetic reaction was investigated. 
The kinetic parameters ∆G≠, ∆H≠, ∆s≠, and Ea were determined from the linear Arrhenius plots using the 
observed data. A mechanism is suggested that is consistent with the observed kinetics, and the rate law 
was successfully derived using kinetic data. 
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